





t Fabrication lines for logic products made using standard
CMOS processes. “Here a few processes run with a high
number of products (mask sets). These fabrication lines
are maintained fully loaded thanks to the aggregation of
worldwide market demand. In this foundry model, key
cost parameters are: investment cost and cost of capital;
manpower, overhead and taxes; size; flexibility on product
mix within few processes; and cycle time.”

t Fabrication lines for dedicated products with differen-
tiated processes. “These fabrication lines run different
processes in parallel with a high number of products. The
processes are largely tuned to each product and this is
where the design and device interaction is maximal.” Key
cost parameters are: cost of capital; manpower, overheads
and taxes; flexibility on product mix within a large number
of processes; cycle time; and design and control of a large
number of different process routes. The investment cost is
less an issue in niche markets like MEMS where the stan-
dard is still 6-inch wafers on fully amortised equipment.

These three models align with the the distinction between “More
Moore” and “More-than-Moore” as proposed by the internation-
al technology roadmap for semiconductors (ITRS) .

International Technology Roadmap Fig. 7 - Semiconductors technology trends
for Semiconductors (ITRS).

MORE THAN MOORE: DIVERSIFICATION
Semiconductor technology trends

“In the late 1960s, Intel co-founder ANALOG/RF ~PASSIVES HV POWER SENSOR BIOCHIPS
Gordon Moore predicted the number ACTUATORS
of transistors on a chip would double
every 18 months; an observation now
referred to as ‘Moores law’. Referred
to as ‘More Moore’ this trend contin-
ues, particularly for memories and
microprocessors, which depend on size
and power reduction for introduction
of ever increasing complexity. (Fig. 7)
At the same time, a greater variety of
semiconductor devices can be com-
bined on the same chip in SoCs or in
the same package using SiPs. This
concept, known as ‘More than Moore’,
adds a lot of other devices on top of the
pure CMOS process — such as analog/
RE passive, high voltage (HV) power,
sensor/actuator, biochip and MEMS 29NM
components - that are processed and l
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embedded in the chip/package instead
of being added at systems level. This
improves system integration by an or-
der of magnitude and opens new ap-
plication fields” cf. [CATRENE White
Book 2007] Part A, p. 13-14

BEYOND CMOS

SOURCE: INTL. TECH. ROADMAP FOR SEMICONDUCTORS ITRS, 2007)



2.Impact on the Semiconductor
Industry in Europe

= It appears that — with possibly very few exceptions - there will
be no large-scale advanced CMOS manufacturing facilities in
Europe. The current fabrication lines in Europe are likely to
focus on extending the life of their activities and/or consoli-
dating as in the case of manufacturing lines in memories, stan-
dard products or microprocessors. To revitalise the European
manufacturing base it would be vital to address new applica-
tion domains requiring new process technologies.

= For memories and standard products, only a few players,
mainly in the microprocessor business, will be able to afford
their own advanced CMOS manufacturing facilities and oper-
ate as stand-alone companies by maintaining and/or extend-
ing their lifetime; others in this group, mainly in the memory
business, are likely to consolidate/merge and/or spin off their
activities.

= For logic products using standard CMOS processes, the trend
of moving to a fablite — or even fabless - approach will con-
tinue. The bulk of advanced CMOS logic manufacturing will
be outsourced to foundries. Foundries are expected to focus
increasingly on R&D at the intersection of process and design,
thereby indirectly lowering the barriers of entry for new en-
trants into the semiconductor market via a fabless approach.

= The trend towards product differentiation based on process dif-
ferentiation, also referred to as “More-than-Moore’, is key for
products providing specific functionality using dedicated tech-
nologies (e.g. Sensors, RF, Power, Analog, etc.), including those
in emerging (nano-) technologies (e.g. biochips) and/or inte-
gration processes on SoC and SiP (e.g. for MEMS). Through
this trend, specialised manufacturers may continue to compete
as long as the added functionalities do not require mastering
the whole flow of advanced CMOS processes. (Fig. 7)

= Opportunities for such products are closely correlated with
specific end-user industries. Semiconductor manufacturers
and end-user industries may benefit strongly from the close
interaction that may result from regional proximity, enabling
the development of differentiated and advanced systems for
the applications of tomorrow.

3.Trend Assessment

Does this trend converge with Europe’s perceived interest in hav-
ing a globally competitive semiconductor industry contributing to
GDP growth, generating employment, enabling access to advanced
technology and supporting innovation for end-use industries?

= For standard CMOS Logic products:

No convergence. As companies profit from generous incentives
elsewhere, and as Europe appears to be unable/unwilling to
compete at this level, there is a low level of matching inter-
ests between the industry and Europe. Furthermore, Europe is
hindered by unsynchronised or contradictory aims concern-
ing state aid as well as by an EU policy focusing more on fa-
vouring internal market competition than on building up an
international level playing field. As a result, Europe remains a
net importer of semiconductors and no additional new fabri-
cation lines are being planned.

= For Memories and MPU:

Low convergence. While these products currently still feed
major manufacturing activity in Europe, current investment
trends are moving toward new advanced CMOS fabrication
lines outside of Europe. The Memories industry continues to
go through different phases of consolidation and rationaliza-
tion, depending on the memory segment (DRAM, NAND
flash, NOR Non-Volatile Memory (NVM) flash). The outlook
for the future, therefore, is unlikely to offer more room for
convergence.

For dedicated products:

Potential convergence. Non-standard CMOS manufacturing
technologies can still benefit from opportunities in dedicated
products based on differentiated processes. Products such as
sensors, RE, power, analog, etc., may still meet end-user op-
portunities for high volume production, as may chips in spe-
cific application areas in the wireless or consumer markets as
well as for specialised SoC and SiP (e.g. for MEMS) integra-
tion process foundries and niche manufacturers
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4.Competitive opportunity

What opportunities exist for Europe
based on this trend?

The opportunities for the semiconductor industry in Europe
vary depending on the manufacturing models.

With advanced CMOS no longer being the primary competi-
tive differentiator for semiconductor manufacturers and, as de-
scribed in trend R 3, with the development of related process
technologies taking place in larger consortia, European-based
semiconductor manufacturers increasingly adopt asset-light
strategies. As a consequence, advanced CMOS technology skills
may no longer be anchored in Europe, and the fab-is-the-lab’
principle for process R&D will become less home-based.

The dependence on IC foundries, typically located in Asia, is
likely to increase. Here Europe should ask itself whether this
generates any strategic risks that should be addressed by trying,
for example, to attract some of the leading global foundries to in-
vest in manufacturing in Europe.

For memories, the manufacturing technology is the product;
for microprocessors, technology is a key differentiator; and for
consumer ASICs, application-specific standard products (AS-
SPs) and more globally dedicated products, things are changing.
Product development is becoming a larger and larger part of to-
tal R&D for such products. Therefore, for dedicated products, in
parallel with what is happening on a global scale, a considerable
scope of interest may still exist in, along with a potential for, es-
tablishing smaller, more specialised local foundry opportunities
in Europe. (Fig. 8)

Fig. 8 - Value chain change for dedicated products
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3.3.THE DIFFERENTIATING
SEMI-CONDUCTOR VALUE CHAIN

Global value chain evolution

“The growing complexity of nanoelectronics technol-
ogy and electronic products and services in general
has strongly affected the landscape of the high-tech
industry. Increasing complexity results in exponential
increases in capital spending and critical know-how.
In the early days of semiconductors, Independent
Device Makers (IDMs) could handle the entire value
chain, sometimes even extending their business into
manufacturing equipment and materials at one end
and electronic products and services at the other.
Due to extensive de-verticalisation in the industry,
that model has now changed. Today, IDMs typically
outsource shareable tasks to more recently estab-
lished businesses such as Original Design Manufac-
turers (ODMs), Electronics Manufacturing Services
(EMS) and Design Houses. Many successful fabless
companies (semiconductor companies relying totally
on third-party foundries for manufacturing) have
emerged. For cost reasons, many IDMs have also en-
tered into industrial alliances in order to jointly de-
velop common processes.

Continuing disparity between life-cycles for technol-
ogy innovation (as much as 3 years) and application
innovation (as low as 6 months), increasing market
demand for first-time-right and zero-defect products,
and the need for semiconductor companies to provide
complete hardware/software reference designs, have
drastically changed the position of IDMs. No longer
arms-length’ suppliers to their customers, semicon-
ductor companies are now at the very heart of the
innovation process in System Houses and Original
Equipment Manufacturers (OEMs).

As a result, the formerly linear high-tech supply chain
has expanded into a series of multiple interconnected
ecosystems, all of which have the semiconductor in-
dustry as an essential common element. In this multi-
dimensional design environment where many differ-
ent players are involved, it is no longer evident that
an IDM’s Ré&D and manufacturing will, can or even
should be on a single site. Where and with whom a
company performs the Re&+D related to a specific part
of the value creation process is predominantly influ-
enced by vicinity to appropriate partners (including
suppliers and customers) and availability of know-
how, followed by state support conditions. An early
market of sufficient scale offers the potential for a
higher return on investment and consequently a re-
duced risk. Proximity and local requirements are key
factors for many of these markets and partnerships
and therefore influence the choice of R&D and busi-
ness location.”

of. [ENIAC SRA 2007] p. 7s.

Fig. 9 - The evolving semiconductor industry landscape
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V 1 The blurring boundaries between

semiconductor players and OEMs

As specialised semiconductor applications increasingly provide
full-systems solutions to end-user customers, there is a tendency
for OEM systems design to migrate to semiconductor suppliers,
opening up new collaborative opportunities for providing full RéD
development and engineering for such solutions. This means that
more systems knowledge is being integrated into semiconductor
products. Often this move means branding the solution as well.

1.Impact on the Global
Semiconductor Industry

What are the main characteristics of this trend?

= Given the value-added and unique knowledge base semicon-
ductors represent in their products, an increasing number of
OEM:s are moving part of their systems R&D, design and engi-
neering resources to semiconductor manufacturers, both for
hardware and for software.

= For the semiconductor industry, this means that it will have to
sustain higher R&D expenses. In order to do so, it anticipates
achieving a considerable market share in the system when de-
veloping a new solution.

= Development of such advanced platform/system solutions
represents significant investment levels, reaching in the order
of hundreds of millions of Euro. In view of this, industry lead-
ers will strive for strong positions in the value chain based on
intellectual property, thereby increasing the competition in
IPs.

= At the same time the requirement from OEMs to have fully
tested platforms supporting main operating systems increases
the pressure on the designers of microelectronics suppliers to
provide faster more and more complex products to the mar-
ket. Complete control over system hardware and software is
now a standard request from the OEM to the semiconductor
supplier that has to provide partly tested platforms with the
implementation of the hardware-sensitive software blocs al-
ready integrated for the main operating systems. This further
motivates closer collaboration between the OEM and semi-
conductor design teams.

Fig. 10 - Customer expectations from semiconductor
suppliers shifting toward platforms, systems integration
and services

CUSTOMER IN 2000

= The migration from OEMs to semiconductor providers may
also occur in the reverse direction. Some OEMs may consider
taking control of more activities that were initially held by
semiconductor companies: e.g., branding or financing.

= At the same time, customer expectations from semiconductor
suppliers are increasingly shifting toward platforms, systems
integration and services. (Fig. 10)

2.Impact on the Semiconductor
Industry in Europe

= The shifting of traditional boundaries between semiconductor
players and customers along the value chain should be seen as
an opportunity for the whole of the European semiconductor
industry and should reinforce its position in the global market
place. This shift opens new opportunities for focusing resourc-
es on added value activities and for becoming a reference for
new standards, advanced platforms, etc, worldwide.

= European Technology Platforms such as ARTEMIS and
ENIAC have underscored this trend toward shifting boundar-
ies between semiconductor players and OEMs.

= Managing an advanced IP portfolio as well as access to the
global market are essential to being a player in this new space
of shifting boundaries.

3.Trend Assessment

Does this trend converge with Europe’s perceived interest in hav-
ing a globally competitive semiconductor industry contributing to
GDP growth, generating employment, enabling access to advanced
technology and supporting innovation for end-use industries?

v
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High convergence of interests. The proximity of semiconductor
players and end-user OEMs, and the long established relation-
ships between them, reflect interests that are strongly-shared by
the semiconductor industry and the European economy..
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4.Competitive opportunity

What opportunities exist for Europe
based on this trend?

The trend toward ‘crossing boundaries’ between the semiconduc-
tor industry in Europe and its customers along the value chain
represents an opportunity for the entire industry and is reinforc-
ing its position in the global market place. This shift is opening
new opportunities for engaging in a wider range of added value
activities and for becoming a reference for new standards, ad-
vanced platforms, etc., worldwide.

V 2 The shifting business models of

IC suppliers and foundries

The traditional business model of a semiconductor company as an
Integrated Design Manufacturer (IDM) is shifting towards a mod-
el that increasingly seeks to optimise the combination of in-house
manufacturing and service activities with outsourced ones.

This dynamic is contributing to reshaping the semiconductor
landscape, moving progressively away from an integrated compa-
ny model and allowing foundries and services providers such as
ODMs and EMSs to extend their portfolio of offerings. Fablite and
fabless are the business models emerging from this trend.

1.Impact on the Global
Semiconductor Industry

What are the main characteristics of this trend?

= The trend of Integrated Design Manufacturers (IDMs) tak-
ing full command of their manufacturing to outsource some
activities to foundries using so-called fablite approaches is a
growing reality.

= The investment in new wafer fabrication lines using the most
modern CMOS technologies is becoming too expensive for most
IDMs, as it exceeds the return on investment that can be expect-
ed. Stand-alone global foundries are therefore likely to become
increasingly important, especially in terms of capacity availability
and in providing a portfolio of manufacturing services.

= In addition to supplying modules and meeting the manu-
facturing needs of IDMs and fablite companies, the foundry
provider is being asked to offer a growing list of services that
make it possible for fabless companies to develop and manu-
facture their own products/applications. These services can be
performed in-house or through partnerships. Key service ac-
tivities are: Physical design services (from a Netlist to a GDS2);
test development; prototyping; failure analysis and yield ramp
up; and logistic support.

= With the progress of this trend, the need for specific foundry
services such as low-volume production, unique process, cus-
tomization options or developing technology research is likely
to increase. The trend towards an increasingly fablite/fabless-
foundry model for IDMs in Europe and in the US is therefore
enabling the potential emergence of new competitors. At the

same time, the trend is lowering the entry threshold for new
companies into the semiconductor market.

= As the established foundries in Asia-Pacific expand their ac-
tivities beyond contract manufacturing and are venturing into
manufacturing services, foundries such as TSMC, Chartered
or UMC are expanding their services to R&D and technology
development for generic processes. The trend is likely to go
beyond generic processes to produce variations and process
derivatives because increased specialization represents new
business opportunities for foundries.

= As a consequence, there may also be a trend towards setting
up more specialty fabrication lines for specific applications re-
quiring non-advanced CMOS technologies.

= On the OEM side, companies are evolving from managing ver-
tically-integrated activities, i.e. from IC specification through
end product marketing and sales, to doing more outsourcing.
In this way OEMs have begun to farm out various electronic
design and manufacturing roles to ODMs and EMSs. In turn
these ODMs, while offering design and manufacturing to dif-
ferent OEM brands, are becoming potential targets for out-
sourcing IP design and semiconductor products sourcing as
well.

2.Impact on the Semiconductor
Industry in Europe

= Except for microprocessors and memories, semiconductor
companies with CMOS manufacturing activities in Europe
have started working according to a fablite operating model
mixing in-house proprietary processes and with outsourced
manufacturing, thus balancing investments in fabrication
lines, R&D, CMOS technology platforms with the cost of op-
erations.

= With European companies increasingly including fablite ele-
ments, or in some cases even going fabless over time, Europe-
an players are likely to redirect their R&D effort to align them
better with emerging market opportunities. They also may
evolve towards specific technologies and services offered by
new specialised manufacturing lines or may transform some
of their existing European foundries (e.g. MEMS).

= Today, among the 1300 fabless companies worldwide, only
12% are located in Europe, while 4% are located in Israel, 46
% in North America and 38% in Asia. However, the top 10
major fabless companies represent 57% of total revenue. (see
also trend V4).

= Specialised foundries have emerged in Europe (X-FAB, Al-
tis), and the ‘freeing-up’ of fabrication lines in Europe may be
transformed into foundry capacity. This seems to materialise.

= In order to allow fabless companies to engage effectively in the
market, foundry services must be matched seamlessly with
a range of other services such as design support, testing, etc.
In the absence of a full spectrum of manufacturing services
offered by European companies, fabless companies will have
to address their manufacturing needs to the Far East, where
foundries able to provide these services are located.



3. Trend Assessment

Does this trend converge with Europe’s perceived interest in hav-
ing a globally competitive semiconductor industry contributing to
GDP growth, generating employment, enabling access to advanced
technology and supporting innovation for end-use industries?

\{

NO LOwW OPEN/UNDECIDED HIGH FULL

CONVERGENCE CONVERGENCE CONVERGENCE CONVERGENCE CONVERGENCE

Medium convergence. As long as a globally competitive foundry
industry able to capture new opportunities does not exist in Eu-
rope, the outlook for this trend is rather undecided for the Eu-
ropean semiconductor industry. At the same time, SAT (semi-
conductor assembly and testing) and the software industry are
consolidating outside of Europe, SAT in the Far East and soft-
ware in India.

4.Competitive opportunity

What opportunities exist for Europe
based on this trend?

There are opportunities for Europe in fablite and fabless com-
panies based on innovation, possibly complemented by small-
er, specialised non-advanced CMOS niche manufacturing for
dedicated products in Europe, which could extend the economic
life of the existing manufacturing base. European companies are
making use of models of integration that are increasingly differ-
entiating, adding fablite elements to their supply chain models.

As mentioned in trends D 3 and R 4, an ecosystem of large-scale
foundry and large-scale semiconductor assembly and testing
service providers is absent in Europe.

V 3 The shifting revenue stream of

s/c equipment and material suppliers

The revenue stream for equipment & material suppliers that origi-
nally was generated by semiconductor manufacturing is gradually
diversifying geographically and by type of new manufacturing ar-
eas such as LCD panels, photovoltaic, etc. Specific know-how, cus-
tomization and short innovation cycles do not make large-scale
delocalization as attractive as for semiconductor device manufac-
turers. However, global competition among equipment & material
suppliers is rising as new players emerge in Asia.

1.Impact on the Global
Semiconductor Industry

What are main characteristics of this trend?

= Semiconductor equipment and material suppliers have not
followed the semiconductor manufacturing delocalization
trends outside of their home base at large, although there are
a few individual attempts which were more or less successful.
However, there is growing concern that the knowledge base
and to a certain extent the advantages of customer proximity/
intimacy in the home base will be weakened as semiconductor
device manufacturing continues to delocalise.

= Given the world leading market position and size of some of
these materials & equipment companies enjoy, there is a sig-
nificant governmental interest in, and impact at stake, regard-
ing strategic moves these companies may decide on.

= The increasing product complexity asks for early and mutual
development / cooperation between semiconductor equip-
ment and device manufacturing, the cost of development of a
new tool increasing with the complexity of the product.

2.Impact on the Semiconductor
Industry in Europe

= Historically the world market size for semiconductor equip-
ment and materials has demonstrated double digit growth
rates and will reach approximately US$ 80.0 billion including
US$ 6.2 billion in Europe in 2008. Whereas most of the these
suppliers are located in the US or Japan, a few like ASML,
ASMI, Oerlikon, Aixtron, Siltronic, Wacker, SOITEC, Air
Liquide, Linde, and more have their home base in Europe.
(Fig.11)

= The European-based equipment and material producers - with
a worldwide ranking among the top five in their specific fields
of activity -, make most of their revenue outside Europe. Back-
end equipment has already reached 80% of export. Without
device manufacturing in Europe this trend will continue.

= With the delocalizing of the device makers to Asia, increasing
portions of their sourcing are to be relocated outside Europe.
Investments are being directed to the regions where the semi-
conductor device manufacturing develops fastest.



= As the semiconductor business is already shrinking some 3.Trend Assessment
companies already diversified into related technology such as

photovoltaics. While solar technology offers great opportuni- Does this trend converge with Europe’s perceived interest in hav-
ties in the next couple of years, the technology used to make ing a globally competitive semiconductor industry contributing to
solar cells is not state of the art. This means that those compa- GDP growth, generating employment, enabling access to advanced
nies will lose their capabilities to develop and produce leading technology and supporting innovation for end-use industries?
edge technology.
\{
= As semiconductor technology is enabling most of the key T S S SE—

European industry sectors such as telecommunication, auto-
motive, automation, medical, office automation etc. Europe
would risk losing its competitiveness with great damage for
jobs and GDP.

NO LOW OPEN/UNDECIDED HIGH FULL
CONVERGENCE ~CONVERGENCE CONVERGENCE CONVERGENCE CONVERGENCE

Low to medium convergence. The convergence of interests of
the industry and Europe remain undecided, or may potential-
ly converge. Despite the slowing semiconductor driven revenue
generation there potentially is a favourable alignment between

Semiconductor equipment and materials the semiconductor materials & equipment companies and new,
closely related areas of production in Europe (e.g. for LCD pan-

Some European material and equipment suppliers els, photovoltaics, etc).

have established themselves as world leaders, for ex-

ample in the crucial strategic lithography sector or

in the advanced silicon-on-insulator (SOI) and en- 4.Competitive opportunity

gineered substrates. (Fig. 11)
What opportunities exist for Europe
based on this trend?

Fig. 11- European leadership in lithography,

1984 and 2005. In view of the lack of new, advanced CMOS wafer processing
plants in Europe, or a full foundry and semiconductor assembly
and testing ecosystem, the opportunity for equipment suppliers
to maintain their revenue stream from European semiconductor
industry is reducing.
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1984 TOTAL MARKET creased differentiation of providers offering IP blocks, specialised
US$ 550 MILLION designs and market functional blocks that are incorporated in in-
tegrated circuits (ICs). Semiconductor companies will increasingly
. contract related IC design services and /or acquire IP blocks from
ECANON { OTHERS external suppliers who are not considered critical from a competi-
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What are main characteristics of this trend?
= Semiconductor companies face growing costs in keeping up
ZL?SBJ%BAOLM'\TQRIPE)?\IT with the ever-increasing complexity of IC design and with
$5 the related creation of IP blocks and manufacturing processes
SOURCE: ASML / MEDEA+ integrated under one roof. This provides opportunities for

spinning off specialised activities in these areas or for new
companies to propose their services, both resulting in further
differentiation in the semiconductor value chain.



CONVERGENCE

= Today, among the 1300 worldwide fabless companies only 12%
are located in Europe, 4% in Israel, 46% in North America and
38% in Asia. However, the top 10 major fabless companies
represent 57% of total revenue. (Fig.12, 13)

= The rising role of fabless design and IP providers is driven by
the requirement to apply efficiently the most advanced prod-
uct engineering and packaging as well as to optimise the in-
tegration of IC design know-how /skills at the same time as
reducing the overall cost of the final product.

= Contracting with design houses and IP providers tends to
allow semiconductor companies to focus on their strategic
competitive advantage while outsourcing non-core IP/design
activities.

= In this context, IP creation and IP protection play highly stra-
tegic roles for both fabless design and IP providers as well as
for the semiconductor companies.

2.Impact on the Semiconductor
Industry in Europe

= This trend impacts Europe particularly in contracting with,
or outsourcing to, design houses and IP providers because of
the diversified product portfolios of European semiconductor
suppliers.

= A stronger fabless IC European base may respond to growing
specific IP development requirements.

v
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CONVERGENCE CONVERGENCE CONVERGENCE CONVERGENCE

3.Trend Assessment

Does this trend converge with Europe’s perceived interest in hav-
ing a globally competitive semiconductor industry contributing to
GDP growth, generating employment, enabling access to advanced
technology and supporting innovation for end-use industries?

4.Competitive opportunity

What opportunities exist for Europe
based on this trend?

Having a diversified portfolio requires that European semicon-
ductor companies have access to a wide range of IP blocks. This
represents an opportunity for European IP suppliers to be a
part of ecosystems for specific application areas, stimulating the
emergence and success of European IP.

The fabless semiconductor segment

The fabless semiconductor segment is estimated to
have generated $53 billion in 2007, an increase of
7% over 2006, and representing 20% of the total $256
billion in semiconductor sales.

Fig. 12 - Total public fabless revenue by year ($B)
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SOURCE: GSA: REFLECTS UPDATED DATA. MAY DIFFER FROM THE
MOST RECENT GLOBAL SEMICONDUCTOR FINANCIAL REPORT.

Fig. 13 - Top 10 Fabless Companies by CY 2007
Revenue (Source: GSA)

Medium convergence. There is potentially a favourable match of
this trend with the interests of Europe if we consider a few Euro-
pean success stories that have successfully captured this trend.

COMPANY CY 2007 Revenue ($bn)
1 : QUALCOMM (QCT Division) $5,6
2 i NVIDIA $4,1
3 | SanDisk $3,9
4 Broadcom $3,8
5 i Marvell Technology Group $2,9
6 LSl $2,6
7 i MediaTek $2,5
8 | Xilinx $1,8
9 | Avago Technologies $1,5
10 i Altera $1,3

= Growth of fabless companies: 1999: 500;
2007: 1300 and growing

= Geographic Dispersion of Fabless Companies
(2007): NA=600, EU=150, Asia=500, Israel=50



3.4. CONCLUSIONS

As mentioned in the introduction to this section, the review and
assessment of twelve of what we regard as the most important
critical trends reshaping the global semiconductor landscape
show the current dynamics at work in the semiconductor indus-
try. The structural shifts they are causing may be projected over
the next 2 to 5 years. Moreover, not all of the trends evolve at the
same pace, and many of them will possibly combine one with the
other to create interdependencies and new dynamic constella-
tions that involve more than just one individual trend.

In conclusion, therefore it is important to note that beyond the
semiconductor landscape reviewed in this report there are some
fundamental trends in the technology that have emerged. There
are longer-term technological developments in the semiconduc-
tor and nanotechnology fields that will represent major shifts
in the industrial context worldwide beyond 2015 and these will
fundamentally impact the driving forces in the global competi-
tion. ENTAC’s 2007 Strategic Research Agenda or CATRENE’s
2007 White Book highlight these perspectives and the EU’s In-
formation Society Technologies Programme Advisory Group
(ISTAG) is working specifically on future and emerging technol-
ogies (FET) with the mission to provide strategic advice and ori-
entation on long term foundational research in ICT. More details
are shown in Appendix A2.

Fig. 14 - Summary of Trends and Convergence of Interests
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APPENDIX A 2 : New Technology Frontiers

In addition to the trends reviewed in this report there are signifi-
cant technological developments in the semiconductor and nan-
otechnology fields that will represent major shifts beyond 2015
in the industry context worldwide and which will again funda-
mentally impact on driving forces in global competition.

According to the ITRS roadmap, macromolecular scale devices
are now on the horizon. The current roadmap predicts that the
minimum feature size of silicon CMOS technology will approach
20 nm as early as 2010. As silicon CMOS technology scales be-
yond these dimensions, new device structures and computation-
al paradigms will be required to replace and augment standard
CMOS devices for ultra large scale integration (ULSI) circuits.
These possible emerging technologies span the realm from tran-
sistors made from silicon nanowires to devices made from nano-
scale molecules. Most of these devices will require significant
breakthroughs in the development of new nanomaterials and as-
sociated fabrication processes.

Following are a few perspectives on new technology frontiers for
the semiconductor industry.

Optical lithography

As reported in the ENIAC Strategic Research Agenda: “New ma-
terials and shrinking device dimensions will pose challenges for
Europe’s equipment makers in all aspects of semiconductor pro-
cessing, from lithography and mask making through metrology
and device processing to assembly and test. In parallel to ‘classic’
optical and EUV lithography, new mask-less lithographic tech-
niques are emerging, such as nano-imprint and multi-beam. But
despite demographic shifts in semiconductor manufacturing,
Europe continues to have a strong supplier base™

Optical lithography has been the engine of continuous scaling in
nanoelectronics probably reaching their limit at the 22-nm node,
and in the near future will be extended to Extreme Ultra-Violet
Lithography (EUVL) to reach 13-nm or 8-nm nodes which may
be the key for high volume miniaturisation - the last optical tech-
nology currently foreseen - but it involves very expensive tools
and masks. (Fig.1)

Fig. 1 - Lithography Roadmap
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450mm Wafer Size

Developing 450mm wafers poses a significant technological and
economic challenge to both the semiconductor manufacturers
and the equipment and material suppliers. At a research level,
all groups from device manufacturers, equipment and materials
suppliers to research institutes need to collaborate if they want to
align the characteristics of their products and to cope efficiently
with the rapid pace of change that the next generation of tech-
nologies will require. Given a development cycle of more than
eight years from preliminary research to volume production on
a new wafer size, the extremely high capital investment and the
need for availability of a broad range of resources, it appears that
such a path will only be possible under conditions of global con-
sortia among different semiconductor industry players. For this
reason, many companies have not yet made a decision to migrate
their manufacturing. This is even more challenging, since at the
same time all the challenges resulting from the new materials
and shrinking device dimensions need to be considered when
moving to a new wafer size production.

Future Emerging Technologies

The EU Information Society Technologies Programme Advisory
Group (ISTAG) is working specifically on future and emerging
technologies (FET) with the mission to provide strategic advice
and orientations on long term foundational research in ICTs,
with a view to strengthening and broadening effectively the sci-
ence and technology basis of future ICTs. In its proactive consul-
tation process it addresses topics ranging from human-computer
confluence to massive ICT systems; quantum information pro-
cessing and communication; entanglement-enabled quantum
technologies; overlay computing and communication; molecu-
lar-scale information systems; as well as alternative bio-inspired
ICTs. (Fig. 2)

3 See also ISTAG Working Group on FET, Work Programme 2009-2010, EU DG IST, 2008

4 c.f. (ENIAC SRA 2007) p6, and also: 53 s.

5 cf. LaPedus, Mark. Sematech: 450-mm is progressing. EEtimes Europe, 07/10/2008. “Cur-
rently, the chip-making consortium International Sematech (Austin, Texas) continues to
move ahead with its 450-mm programs, but the question is whether the industry can meet
its goals in building 450-mm fabs by 2012. The consortium is up and running with its “fac-
tory integration test bed” facility for the development of 450-mm fab tools. Sematech is also
testing silicon wafers based on 450-mm technology. And the group also claims it has made
progress on its so-called “Next Generation Factory” (NGF) program. The program is geared
to bring lower costs and reduced cycle times in 300-mm wafer manufacturing.

There is widespread support among the fab-tool community for 300mmPrime, which looks
to boost the efficiency of existing 300-mm fabs, thereby pushing out the need for 450-mm
plants. The newer, more controversial ISMI 450mm program, announced last year at
Semicon West, calls for some chip makers to make a more direct transition from 300-mm
to the larger 450-mm wafer size. Many fab-tool vendors are reluctant to endorse the next-
generation wafer size or devise 450-mm tools, saying that it is simply too expensive. Many
vendors claim that 300-mm fabs are suitable for most applications and the real goal for the
industry is to improve the productivity of current plants.

However, the mood is somewhat beginning to change, especially when Intel, Samsung and
TSMC in May reached an agreement on the need for industry collaboration for 450-mm
wafers starting in 2012. Intel, Samsung and TSMC indicate that the semiconductor industry
can improve its return on investment and reduce 450-mm research and development costs
by applying aligned standards, rationalizing changes from 300-mm infrastructure and
automation, and working toward a common timeline. (..)

The bottleneck remains in moving the wafer lots from one tool to another. The goal is to
process wafers without any delays, according to Sematech. “



Fig. 2 - Trends towards future ICT’s
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In the framework of the EU’s FP7 Fet Proactive Initiatives

launched or to be launched for 2009-2010 cover a wide spectrum

of emerging technologies in future ICTs, e.g.

= Science of Complex Systems for Socially Intelligent ICT

= Embodied Intelligence

= ICT forever yours

= Massive ICT Systems

= Human Computer Confluence

= Quantum Information Processing & Communications (QIPC)
and other quantum technologies

= Proposals under negotiation online on the home page of each
initiative

= Nano-scale ICT devices and systems

= Pervasive-Adaptation

= Bio-ICT convergence.

In addition to the initiatives defined for 2009, the list of future
candidates has become longer as a result of an ongoing consulta-
tion process regarding “Future Proactive Initiatives”. The topics
or new challenges include future ICT areas of exploration cov-
ering, e.g., overlay computing and communication; synthetic
living ICT; zero power ICT; creativity; bio-ICT (cell level); em-
bodied ICT (system level); neuro-ICT; future computing tech-
nologies (incl. zero power); modeling and simulation for large
scale systems; social-ICT.

Of particular importance for the future of the semiconductor in-
dustry is the development of nanotechnologies. The ISTAG work-
ing group is conducting a detailed analysis of very far reaching
roadmap implications the emerging technology represents.






COMPETITIVE OPPORTUNITIES

FOR THE SEMICONDUCTOR
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The trends described in Section 3 show the current dynamics at
work in the semiconductor industry. The structural shifts they
are causing in the industry landscape may be projected over the
next 2 to 5 years, depending on an overall economic and politi-
cal environment that will accelerate or slow down some of these
trends. Moreover, not all of the trends are evolving at the same
pace and many of them may possibly combine with one another,
creating interdependencies and new dynamic constellations that
involve more than one individual trend.

This section takes a more integrated look at the opportunities
and challenges for the semiconductor industry in Europe with-
in this context. It highlights the matching potentials that can be
derived from the interests of the semiconductor industry com-
bined with the broad scope of those of Europe.

By mapping opportunities and challenges onto the shifting semi-
conductor landscape, our purpose is to offer a way forward for
Europe, indicating directions for best capturing these trends and
making them work both in and for Europe. For us, taking ad-
vantage of these opportunities means mastering the innovation
Europe needs in order to leverage its competitive position in the
race for the coming micro-
and nano-electronic future.
Whether a better under-
standing of the main areas
of action translate into new
initiatives and measures,
and whether the opportuni-
ties described will materia-
lise or not, depends in large
measure on the combined
actions of all concerned de-
cision makers.

Our purpose is to
offer a way forward
for Europe,
indicating directions
for best capturing
these trends and
making them work
both in and for

Europe

Three focal areas of opportunities

A closer look at the opportunities the trends provide reveals
three distinct categories, each highlighting an area of focus for
the industry. Figure 1 below visualises the three opportunity ar-
eas while stressing the key driving role that technology develop-
ment plays in the semiconductor industry (Fig.1).

Fig. 1 - Visualizing three opportunity areas for the
semiconductor industry
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These are:

» R&D-centred opportunities where the industry, drawing on ad-
vances in science and technology, is able to leverage its skills,
know-how and competency

= Applications-driven opportunities where the industry is able to
stimulate a strong “market pull” for new markets by providing
technology-led solutions in domains demanded by emerging
societal needs

= Production-focused opportunities where the industry is able to
take advantage of a globally shifting manufacturing environ-
ment by developing and engineering new devices based on an
evolving industrial ecosystem.



For the semiconductor
industry in Europe,
the value-added based

on RexD continues to

major assets.

4.1 R&D-CENTRED OPPORTUNITIES

For the semiconductor industry in Europe, the value-added
based on R&D continues to represent one of its major assets. De-
spite manufacturing delocalization, the R&D-driven strength of
the semiconductor industry in Europe, seen in terms of its R&D-
to-sales ratio, has remained intact. Thanks to its continuous ef-
forts in engineering and design-
ing products and applications for
Europe’s world-leading companies
in wireless communications, auto-
motive and industrial equipment,
it has been at the core of the suc-
cess of these industries. Today, as
the complexity of semiconductor
devices increases dramatically, the
challenge for the industry in Eu-
rope is to stay ahead of the compe-

represent one of its tition.

As shown in the trend analysis (see
mainly trends DI1: systems archi-
tecture and design; D2: importance
of software; D3: testing and simu-
lation; D4: multichip solutions; V4:
role of fabless providers) Europe is in a strong position to cap-
ture the opportunities associated with these trends. The techni-
cal challenges and R&D efforts these opportunities represent for
the semiconductor industry are being addressed in detail and
on an ongoing basis by the International Technology Roadmap
for Semiconductors (ITRS)". For Europe, the reports of both the
ENIAC SRA and CATRENE provide a much more detailed and
extensive picture of R&D priorities.? (See also Appendix 3).

Below we summarise those critical priorities that align with our
identified trends. The prerequisite for a semiconductor industry-
led R&D effort able to take advantage of the research-driven op-
portunities in this area is a continued focus on:

Refining systems specification and validation, as well as com-
plex architectures able to meet the specifications while inte-
grating increasingly functional solutions into a single chip.
This requires the application of sophisticated modular design
methods and tools to assist system architects and designers
in the hardware/software partitioning and to ensure that each
individual system approach follows established standards.
(Trend D1: systems architechture & design)

Seeking significant improvements in software-driven system
design, enabling further integration of software and hardware
while exploring methodologies for solving problems concern-
ing, for example, the impact of hardware-dependent software
development on current design costs.*(Trend D2: importance
of softtware)

Further developing in-house (or in close collaboration with
electronic design automation (EDA) houses) tools and methods
to close the so-called ‘design gap’; i.e. the difference between
what can theoretically be integrated into a chip and what can
be practically implemented given design tool constraints. This
requires tools that are able to address verification, validating
and testing issues.*(Trend D3: testing and simulation)

= Developing - beyond multi-chip /multi-component packaging
and handling the complexity of extreme Systems-on-Chip
(SoC) - multi-functional solutions or advanced Systems-in-
Package (SiP) able to integrate semiconductor devices and
devices based on other technologies into packages with inte-
grated circuits (ICs).” (Trend D4: multichip solutions)

= Ensuring the crucial development of very advanced algo-
rithms for embedded systems and for access to a wide range of
IP blocks by specialised design houses and fabless companies
participating through their R&D activities in ecosystems for
specific application areas.® (Trend V4: role of fabless provid-
ers)

These are all critical innovation domains that Europe must mas-
ter if it wants to leverage its know-how and stay ahead. The list
is far from exhaustive. However, focus on the afore-mentioned
R&D priorities in Europe is essential if the current end-user cus-
tomer base is to maintain its leadership position. This is even
more urgent because the unique constellation of advanced sys-
tems and software R&D in Eu-
rope corresponds to the needs
of globally-competitive indus-
try segments. Europe now has
an opportunity to participate
fully in the extremely rapid de-
velopment of newly emerging

Focus on the afore-

mentioned Re»D

application domains. These are
addressed in following section
on ‘applications-driven oppor-
tunities.

priorities in Europe
is essential if the
current end-user
customer base is

to maintain its

leadership position

-

cf. http://www.itrs.net/

2 cf. [CATRENE White Book 2007], [ENIAC SRA 2007]

3 Hardware-dependent software (HdS), i.e. the layer on top of which the operating
system (OS) is built, should allow development of the OS and higher software layers
independ-ently of the hardware, thus enabling portability and reuse of the upper software
layers.

4 cf. It also requires tools that are able to take into account process technol-ogy and manufac-
turability, and to deal with heteroge—neous systems, including mechanical, thermal, optical
and chemical aspects. Quality management and reliability qualification testing methods are
becoming even more important: test procedures, so test requirements must be considered
during the design phase and integrated into the production flow.

5 The capability of designing heterogeneous systems that combine digital and non-digital
functions, nanoscale module and 3D integration, interconnection, packaging and assembly
are essential for paving the way for nanotechnologies to exploit improved material proper-
ties.

6 'This is a response to the eroding boundaries between semiconductor devices, packaging

and system technologies. Research and implementation of new algorithms will be required

mostly in image processing, but also in digital signal processing that cannot support real
time in software.



Europe is in a favour-
able position to capture
the opportunities associ-
ated with trends that
stress the market side of

the industry.

4.2 APPLICATIONS-DRIVEN OPPORTUNITIES

The semiconductor industry in Europe has demonstrated that a
strong and highly-innovative industry contributes positively to
the competitiveness of the overall economy, while at the same
time a dynamic economic environment is likely to encourage the
industry to benefit from the competitive advantage and value-
added that advanced technologies provide. Such a virtuous circle
can be seen at work in the industry’s global leadership position
in major application segments such as wireless communication,
automotive electronics, industrial and medical equipment and
consumer electronics.

As shown in the trend analy-
sis (see mainly trends R1: ap-
plications-driven R&D; R2: in-
novation clusters; V1: blurring
boundaries s/c-OEM; V4:role
of fabless providers), Europe is
in a favourable position to cap-
ture the opportunities associ-
ated with trends that stress the
market side of the industry. The
focus observed in the trends
highlights a shift in the indus-
try from steadily bringing new
products and enhanced features
to the market, the so-called
“market push’, to a much more
refined alignment of the possi-
bilities technology offers with
the demand to find solutions to
the needs observed in the mar-
ket, i.e. “market pull”

In other words, with the EU and Member States having increas-
ingly addressed emerging societal challenges in the current leg-
islature (e.g., smarter management of safety and emissions in
transport, energy conservation and the development of renew-
able resources, increased efficiency of and access to health sys-
tems, ubiquitous networking and information processing), the
“agenda making” position of the EU has now rapidly shifted to
the industrial players, thus creating new opportunities to assert

Again, the broad potential for applications based on the innova-
tive power semiconductor technologies bring to the market has
been extensively described in a number of recent reports involv-
ing ESIA member companies.” (Fig. 2) (See also Appendix 4)

Based on our trend assessment, in order to leverage European
strengths, pursue new opportunities and increase competitive-
ness in chosen application segments, the industry must be able
to respond to the following new market dynamics:

= The competitive pressure for semiconductor companies is in-
creasingly focused on accelerating the differentiation of their
devices and specializing in specific applications based on new
strategic priorities given to targeted types of products and ap-
plication segments. (Trend R1: applications driven R&D) The
sought differentiation goes well beyond renewing the current
product portfolio, protecting proprietary features and ensur-
ing incremental performance. It addresses new markets that
benefit from technological innovation and are best able to lead
the final development of products and services that respond to
specific needs. At work here are two types of dynamics for this
kind of ‘market pull’:

A.Extension of current markets where electronics oppor-
tunities are steadily expanding and improving in existing
application areas. Examples of European excellence and
leadership are found in:

- Automotive, where the ever-growing electronics content
in automotive applications, encompassing all opportu-
nities linked to safety (reduction of fatalities), ecology
(emission reduction), quality (zero defect and total cost
of ownership reduction), customer experience (comfort,
infotainment) and sub-segments create a whole new
set of challenges in cases where these packages contain
integrated sensors, actuators, mechatronics or opto-
electronic functions. This represents 90% of automotive
innovation. (Fig. 3)
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Fig. 3 - Main Automotive Application Segments
& Sub-Segments
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- Communications, which represents 40% of the total ICT
market where fixed and mobile broadband networks are
evolving towards higher speeds, along with the emer-
gence of direct and intelligent communications between
different appliances, systems and man-machine inter-
faces in local and residential networks. Materializing the
potential for increasing the broadband connection rate
from the present rate of 10% of European households at
2 Mbit/s to 100% at >100 Mbit/s will allow the imple-
mentation of a wealth of new applications, such as the
use of video and multimedia services at any time and in
every situation, thus paving the way towards guarantee-
ing ubiquitous broadband access.

- Other examples for continuously extending the scope of

opportunities in current markets are linked to infotain-
ment, security, industrial equipment (including factory
automation, building control, appliances, electronics pay-
ments and fund transfer systems, power and energy, and
medical).

B. Venturing into new application areas where the increased

use of electronics is about to create new market segments
and where the convergence of technology capabilities with
emerging needs are able to generate high value-added.
(Fig.4)

Many of these areas, where up until now electronics have
held only a minor position, have their origin in a pressing
need to respond more effectively to societal challenges,
for example:

- Energy conservation, i.e., better control of energy transfer
mechanisms and more efficient energy consumption per
function, including new energy efficiency and alternative
energy generation technologies as well as conservation;
enabling the development of electric transportation to
replace vehicles driven by internal combustion engines;
developing low-power operations in electronic circuits,
solid-state lighting, etc.

- Eco-innovation and environmental conservation, i.e., in-
creased support for encouraging compliance with green
public policies; enabling the introduction of new, CO2-
free energy sources such as highly-efficient solar energy
conversion and hydrogen fuel as well as recycling, waste
reduction, emissions and environmental monitoring.
The latter uses smart sensor networks and control in all
relevant economic sectors such as transport, construc-
tion, agriculture, etc. (Fig. 5)

- Transportation and mobility, i.e., lower energy consump-
tion and cleaner energy; reducing traffic congestion by
using road intelligence systems for real-time interaction
between vehicles with their environment; generat-
ing alternative mobility; more efficient use of existing
infrastructure, basic transportation mechanisms and
logistics, etc.

Fig. 4. - Waves of evolution in electronics-enabled application development
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- Healthcare and wellness, i.e., more efficient processes for
consultation, diagnosis, treatment and administration;
care for the ageing population; e-health that provides
real-time access to patient- and therapy-specific data;
bio-sensors for in-vitro diagnosis; DNA/protein assays;
molecular imaging; nanomedicine in prosthetics, bio-
implants, automated drug-delivery implants, etc.

- Security and safety, i.e., increased safety and security in
virtually every aspect of our lives, exploiting the ability
of ambient intelligence in safety-critical systems or ap-
plications at both individual and business levels. These
include banking, passports, ID cards, telecoms etc., turn-
ing their complex requirements for reliability, wireless
communication, miniaturization and robustness into an
applications advantage, etc.

- Digital content and entertainment, i.e., ensuring the ap-
propriate generation, quality, management, distribution
and protection of rights by content providers beyond
ubiquitous access to content anywhere; enabling users
to create their own content; or spearheading “beyond-
Google-revolution” applications able to reach a next
level of convergence of shared technologies (all-mobile)
and markets (all-info).

= The trend towards forming centres of excellence or poles
of competitiveness based on common interests and ca-
pabilities enables IP generation, ensures competitive
differentiation, captures new market opportunities,
provides strong support for developing new applica-
tions and allows Europe to stay in the competitive race
to lead in the emerging markets. (Trend R2: innova-
tion clusters).® These clusters, built on the networks
created under public-private partnerships, along with
regional competence clusters connected to local play-
ers from large-scale multinationals and SMEs as well
as to research institutes and universities, offer an ideal
breeding ground for developing new opportunities.
Such ecosystems enable new initiatives in lead markets
thanks to the proximity of R&D to production capa-
bilities, stimulating cross-fertilization and openness
to innovation while protecting the IPR of players in-
volved. This eventually allows entrepreneurial compa-
nies to create ‘market pull’ for innovative products and
provides access to leading customers.

= To be able to design and produce the above applications, cor-
responding processes and technologies need to be available.
Multichip ICs and heterogeneous systems integration are key
enabling technologies for the production and further develop-
ment of applications, as confirmed by accelerating demand

8 The semiconductor industry in Europe has given rise to ecosystems based on national and
regional programmes main-ly centred around one company or clusters formed around a re-
search centre, e.g. Silicon Saxony (D), the Pole de Compétitivité Minalogic (F) or Point-One
(NL); or clusters centred on companies having a common inter-est to share development of
close-to-market technologies and applications e.g. the EUREKA CATRENE or the former
MEDEA and MEDEA+ clusters; or the more open and non competitive JTIs (Joint Technol-
ogy Initiatives) in the EU-Framework Programme.

9 Examples include, e.g., optical and infrared sensors; optoelectronic components; low-cost
RF; high-speed circuits operating at 40 GHz, 80 GHz or even higher; biological sensors
integrated with logic and RF devices; digital processing of analog data; etc.

10 For a full presentation see http://www.eeca.eu/index.php/esh_about/en/

for them. (Trend D4: multichip solutions) Beyond integrat-
ing multi-functional components into one package, hetero-
geneous integration provides an interface to the application
environment and represents the ‘glue’ between the worlds of
nanoelectronic devices and systems with which humans can
interact.’

= Finally, as demonstrated by the proximity of semiconductor
players to end-user OEMs and their long established relation-
ships, the increasing cross-fertilization and even blurring of
boundaries between semiconductor players and OEMs facili-
tates an additional “market pull” for new applications. (Trend
V1: blurring boundries s/c-OEM). In order to meet the de-
mand by OEMs that complete control over system hardware
and software be achieved with full platform-tested support for
main operating systems, OEMs and semiconductor suppliers
are making joint investments in R&D and are sharing design
teams under various collaborative schemes. This is generating
value-added and is enabling more efficient and effective inte-
gration of systems know-how, greatly benefiting the develop-
ment of targeted applications and first-to-market solutions.

To summarise, based on the competence and experience accu-
mulated by the industry, Europe has a major competitive oppor-
tunity to give rise to market leaders in the new applications area
and to succeed in turning societal needs into lead markets. By
establishing de-facto standards with the support of the semicon-
ductor industry, Europe is enabling all involved industry players
to take leading positions in these market segments worldwide.

Fig. 5 - How the semiconductor industry
contributes to green IT
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tion Europe has lost
some of its ability to
attract domestic and/or
foreign semiconductor
investments.

The issue is, therefore,

under what conditions

Europe be restored

4.3 PRODUCTION-FOCUSED OPPORTUNITIES

Observing key trends in manufacturing activities in Europe of-
fers a rather bleak picture of semiconductor production oppor-
tunities and of the possibilities of their re-orientation in the mid-
to long term. In the global competition Europe has lost some of
its ability to attract domestic and/
or foreign semiconductor invest-

In the global competi- ments."!

Companies are making their own
decisions on the global level play-
ing field to find the best solutions
meeting their core competences
and to enhance competitiveness.
The issue is, therefore, under what
conditions can the attractiveness of
Europe be restored and is Europe
still willing to join this global com-
petition, putting in place appropri-
ate support frameworks in order to
retain its semiconductor capabili-
ties, or gradually see its semicon-
ductor manufacturing capabilities
degrade.

can the attractiveness of

In order to maintain or renew an
innovative production capacity, the
semiconductor industry in Europe
needs to reassess the challenges
and opportunities the shifting landscape has created. The chang-
es that the semiconductor industry has undergone over the last
10 to 12 years have fundamentally redistributed possible future
roles for semiconductor manufacturing in Europe among differ-
ent types of activities. Possible roles for manufacturers basical-
ly fall into two categories: one following the scenario of fabri-
cation lines for memories and standard products'’; and another
following a scenario for either logic products made using stan-
dard CMOS processes or for dedicated products with differen-
tiated processes'*(see also trend R4 referring to the increasing-
ly-differentiating semiconductor manufacturing models under
three scenarios).

Based on our assessment, the trends related to manufacturing
include opportunities but also some very serious threats (Trends
R1: applications driven R&D; R2: innovation clusters; R3: CMOS
platform R&D consolidation; R4: differentiating manufactur-
ing models; V2: shifting business models, V3: shifting revenue
streams for E&M suppliers; V4: role of fabless providers). These
challenges must be taken urgently into account if the observed
mismatch between the interests of the semiconductor industry in
Europe and those of Europe in being a globally-leading technol-
ogy provider is to be closed. More is required than just punctual
actions — harmonised structural programmes would be needed
in order to turn such actions into opportunities for maintaining
or renewing Europe’s manufacturing base:

= A further consolidation and concentration of advanced CMOS
R&D capabilities under a few global consortia or industrial
alliances in order jointly to develop common processes (Trend
R3: CMOS platform R&D consolidation). The emergence of
three distinct manufacturing models (Trend R4: differentiating
manufacturing models) challenges the maintenance, let alone
the creation of new semiconductor manufacturing facilities.
This will accelerate the decision-making of some companies

towards incorporating increasingly fablite strategies that im-
ply adopting corresponding alternative business models that
rely on third-party foundries for manufacturing, or that de-
pend on outsourcing shareable tasks to specialised design and
service businesses. (Trend V2: shifting business models).

In a context where access to financial capital is highly com-
petitive, private equity has started to play an increasingly
decisive role in the restructuring of the industrial fabric. The
shifting business models stress the ‘division of labour’ between
IC suppliers and foundries and should encourage new options
for investment allocations towards more value-added activi-
ties. On the one hand, companies facing the increasing cost
and reduced performances in the field of basic CMOS for logic
will seek to engage in strategic alliances among industries to
share research costs and risks or to participate in joint ven-
tures, involving major silicon foundries as well. On the other
hand, companies will increasingly reorient their priorities to-
ward the added value that can be generated from creating new
designs and proprietary intellectual property (IP). (Trend R2:
innovation clusters)

Inevitably, semiconductor companies in Europe will have to
reconsider their business models and strategy, and eventually
redefine their core business. (Trend V2: shifting business mod-
els). In the ‘more Moore’ domain, European IDMs have stayed
competitive in the memory and flash markets either by spin-
ning out their memory activities into separate companies or
by forming JVs that maintain strong European roots. Further
consolidations of pure-play memory manufacturers must be
foreseen. (Trend R4: differentiating manufacturing models)."

In the digital logic segment, manufacturing has become in-
creasingly difficult for independent IDMs. (Trend R4: differ-
entiating manufacturing models) Their addressable markets
no longer allow them to achieve the required economies of
scale and the pace of the trend towards fabless and foundry
models for virtually all logic products other than microproces-
sors and memories is increasing. (Trend V2: shifting business
models) It is therefore crucial to emphasise the opportunities
that the ‘more than Moore’ domains offer in terms of special-
ised processes for dedicated products with larger added value,
linked to specific applications of the final product. (Trends R1:
applications driven R&D; R2: innovation clusters)

The role of foundries themselves as a key focal point for manu-
facturing for IDMs and fabless IC providers will increase, as
will the range and scope of the services they provide (Trend
V4: role of fabless providers), making these players more in-
dependent and central. While this creates more opportunities
- and challenges as well - for all types of semiconductor device
manufacturers and for the foundries themselves, the current
lack of large scale foundry capabilities in Europe will no doubt
weaken the link of the semiconductor industry to Europe. It
currently seems that only a larger-scale investment in Europe
would allow it to profit substantially from new foundry oppor-
tunities.’® (Trends R4: differentiating manufacturing models;
D3: testing & simulation)

All these options for refocusing production opportunities in
Europe would have a significant impact on equipment and ma-
terials suppliers. (Trend V3: shifting revenue streams for E&M
suppliers) The ongoing restructuring of semiconductor manu-



facturing activities in the European industry base is likely to
put pressure on the revenue stream generated from semiconduc-
tor companies in Europe. At the same time, equipment and
materials suppliers have opportunities for taking part in ad-
vanced R&D initiatives engaged in by the semiconductor in-
dustry. Being a highly-globalised market, the equipment and
materials industry will have to compensate for a slowdown in
investments due to the migration of the European manufac-
turing capacities to other regions."”

Increasing role of IP and
fabless IC providers

Shifting revenue stream of

s/c equipment and material suppliers V3

Shifting business models of
IC suppliers and foundries

V2

Blurring boundaries between

~
%
[
9
semiconductor players and OENS A

V1 PRODUCTION

Increasingly differentiating
s/c manufacturing models

R4

Further consolidation of R&D on

advanced CMOS platform development R3

11 The semiconductor industry’s long term evolution is dominated by two major factors: its
higher-than-proportionate technology and capital intensities. This high dependence on
R&D and manufacturing investment, together with its high economic stake on a world scale,
have caused the industry to migrate from a classical linear and largely vertically integrated
supply chain (see Fig. 5, Section 2.2.) to a more network structure, offering opportunities for
specialised players such as original design manufacturers (ODMs), electronics manufacturing
services (EMS) and design houses - a trend also referred to as de-verticalisation. On the other
hand, at the global economy level it has also caused competition among countries to attract
semiconductor activities and hence investments. Countries have competed by offering a wide
range of generous incentive schemes (see Appendix 1), a trend that has led to the entry of new
countries into the semiconductor arena and has made the choices associated with decisions
concerning localisation of manufacturing activities more complex.
12 The urgency of this issue is also highlighted in the Senator Saunier Report. [Rapport Saunier
2008]
13 'This first category includes manufacturers of highly-sophisticated standard products such as
MPU, DRAM, Flash, FPGAs etc. who require leading edge technologies based on the smallest
possible nodes and extreme mass production, e.g. 300mm wafers. These fabs have to have
critical size as production cost is one of the key issues for success, especially for memory
products. (For FPGA companies this is not necessary, as they are produced in foundries and so
their numbers are too small to fill a state-of-the-art fab). Pursuing the greatest cost and volume
efficiencies, the number of companies globally in this category would be limited and subject
to consolidations. Size matters. Europe has recently seen (and will see) a number of examples
of new companies issuing either from spin-offs or from joining forces.
In this second category are manufactures of all types of analog/mixed-signal and logic ASICs
and ASSPs who need dedicated fabs that are able to produce ICs in leading edge technologies
in extremely high numbers. Currently, typical fabs for these kinds of products are two-to-three
generations behind and produce devices on 200mm wafers in relatively ‘moderate’ numbers.
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4.4 CONCLUSIONS

The trends reviewed in Section 3 all align in various ways
with the opportunities highlighted in the three focal areas:
R&D, Applications and Production. Although the picture of
trends and opportunities is not exhaustive, it nevertheless un-
derscores the enormous potential asset the semiconductor in-
dustry has in Europe.

The figure below visualises the analysed trends in the semiconduc-

tor industry as they relate to the three opportunity areas (Fig. 6)

Fig. 6 - Trends and Competitive Opportunities for Europe
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However, their overwhelming advantage is derived from their local presence and proximity
to the end-use customer which offers a more effective response to application challenges,
especially for the analog parts of the ICs. Europe is and must be able to afford a sufficiently
large number of such production capacities. Strengthening or maintaining the presence of this
category of fabs in Europe, extending their ‘end-of-life’ and ensuring critical capacity are all
key elements for exploiting the competitive advantage that the European ‘neighbourhood” fac-
tor brings for given industry sectors. This may take different forms of collaboration. 15 The
future outlook is worthwhile considering: Because of the increasing demand by multimedia,
port-able applications and computers, memory and microprocessor companies will continue
to drive the race toward smaller feature sizes. However, the 32 nm generation is close to the
physical limit for conventional flash and DRAM memories, so new alternatives will have to be
explored. Here, too, mergers and strategic alliances will be required to exploit economies of
scale and to define standards. cf. [CATRENE White Book 2007] Part B. p. 64

16 See also Section 2.1. p. 5: Timind investment support/incentives, footnote 4.

17 This may take different forms. On one hand, the long-established expertise and experience
in equipment manufacturing and material supply continues to be of high value and ensures
world leadership in segments such as lithography, MEMS, SOI substrates and other technolo-
gies despite the fact that an ever-smaller fraction of this business will be produced in Europe.
This high value knowledge base is key to maintaining acquired global competitive advantage
and to entering further research collaborations with users, academia and research institutes,
in particular regarding the introduction of 450 mm wafers and in nanotechnology domains
where future technology breakthroughs or prototyping new equipment and material are
becoming critical success factors. On the other hand, the emergence of new applications offers
the equipment and materials industry opportunities to diversify their superior know-how
towards manufacturing areas, such as for example LCD panels or photovoltaics, along other
than the classic semiconductor value chain.



There are two historic
shifts that have taken
place since and have,
according to our assess-
ment, modified today’s

starting point

Overcoming competitive challenges

In the 2005 Competitiveness Report ESIA envisaged a scenar-
io called Restoring EU Competitiveness’ that would address the
competitive factors inhibiting the semiconductor industry in Eu-
rope from assuming its role on the global level playing field."®

In today’s prevailing European eco-
nomic and socio-political environ-
ment as described in Secton 2.1.
above, most of the main competi-
tive pressures persist. The assump-
tion in 2005 was that strong polit-
ical action by policy makers both
in the EU and in Member States
would be able to correct the im-
balances an increasingly globalised
world has caused. The assumption
was that industrial policies similar
to those of Asian countries, using
the complete set of political tools
ranging from facilitating access
to capital to generous incentive
schemes, would suffice in restor-
ing better parity to competitive chances on a global level playing
field. Although the observation was correct at the time, there are
two historic shifts that have taken place since and have, accord-
ing to our assessment, modified today’s starting point.

= While in 2005 the battleground for the semiconductor indus-
try in Europe was still largely dominated by the presence of
manufacturing capacity in Europe, the fact today is that com-
panies, for performance-driving and strategic positioning rea-
sons, have largely been redistributing their operational activi-
ties on the global scene. As shown in Section 3 this may have
taken very different forms, from incorporating fablite strate-
gies to joining technology alliances, but the fact remains that
with a few exceptions the situation ante quo will most prob-
ably not be restored.

= The other main difference between today and the situation in
2005 is that the global society has awakened to the fact that sus-
tainability is a condition for saving the planet. The assumption
used to be that microelectronics would continue to improve
successful application areas incrementally such as automotive,
consumer, communications — going green being a nice to-do
add-on -, and along the way helping to make other, more tra-
ditional ones equally successful in turn. It appears, though,
that, a paradigm shift in the mindset of decision makers has
occurred, for suddenly more urgent economic reasons. These
reasons include new agenda settings undertaken by political

18 “Both the semiconductor industry and the EU & Member States embrace, in a concerted
win-win effort, the competitive investment challenge and seek to initiate a virtuous circle
throughout the semiconductor and the global end-user industry. The EU aims to invest
in the future, rather than subsidise the past, focusing resources on future-oriented ‘mega-
projects’ and the creation of new poles of excellence. Significant and measurable steps
are taken to close the R&D gap and achieve over 3% of GDP for R&D. This, in addition
to implementing a sectoral semiconductor framework, provides an environment for the
industry, to succeed and to drive breakthrough technology advances in microelectronics
and nanotechnologies. This benefits the industry at large, in particular the global European
industry leaders in the automotive and wireless segments. As a consequence, joint public-
and industry-led innovation and EU R&D policies gain momentum and enable advanced
semiconductor technology to again become a key industrial competitive differentiator.”
cf. [ESIA 2005] p. 49

elites and subscribed to by an
industrial leadership eager
to revisit a number of social
priorities in vital areas of peo-
ple’s needs, from energy con-
servation to eco-innovation
to mobility, wellness, safety
and ambient intelligence.
What is most important for
the semiconductor industry,
however, is that in this focus
on applications the common
denominator and critical suc-
cess factor will be a more dis-
ruptive shift to new technolo-
gies, allowing for the most
complex integration of hard-
ware and software supported
in large part by advances in
nanotechnologies.

In this focus on applica-
tions the critical success
factor will be a more
disruptive shift to new
technologies, allowing
for the most complex
integration of hardware
and software supported
in large part by advanc-

es in nanotechnologies.

This is not to say that with these two macro-shifts the pressures
in the European competitive environment have become easi-

er to overcome. Whether in the competitive opportunity areas
of R&D, or in those of Applications or Production highlighted
above, the need to correct currency disparities; to improve dra-
matically the incentives for, and public contribution to, major
R&D investments; to ease the legislative burdens and uncertain-
ties regarding labour conditions and ESH compliance; still re-
main a major concern for all the concerned parties in the indus-
try. But the ‘new’ situation created by these two objective facts
today raises the question of which war to fight rather than of

which battle to win.

The following competitive dimensions discussed in Section 2.A
(Fig. 7) are seen by ESIA members as having particular impact
on the semiconductor trends described in Section 3. Dissolving
some of their limiting effects would certainly create a firmer base
for adequately responding to the societal expectations engen-

dered by technological progress.



Fig. 7 - Impact of competitive dimension on trends in the
semiconductor industry
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In conclusion, this section has shown the tremendous opportu-
nity potential that exists in Europe for the semiconductor indus-
try. Our assessment of the matching interests between the semi-
conductor industry in Europe and the EU as a leading major
economic world region has demonstrated this. In order to un-
leash such a potential, two dominant aspects need to be borne
in mind:

= Political voluntarism: There will always be a need for decisive,
dedicated voluntary action by policy makers to face the com-
petitive challenges that we observe in the European context.
This action is needed to give the opportunities the semicon-
ductor industry confronts a fair chance to be realised. Grasp-
ing the priority requirements inherent in the various reports
and analyses produced by a number of key stakeholders, in-
cluding our report, is necessary although not sufficient for
setting the appropriate framework conditions needed by the
semiconductor industry in Europe if that industry is to take
the initiative in shaping the next stages of innovation both
globally as well as in and for Europe.

= A new innovation age: In contrast with the competitiveness sit-
uation in 2005, the semiconductor industry is entering a new
innovation age that will reshape the way technology will be
brought to society in the future. As trends confirm, this creates
new areas of opportunity for the industry in Europe through
which it can again assert leadership in the competitive race.

Succeeding in an industry transition of this magnitude re-
quires gaining control of key technologies that are the basis of
achieving expected results in these new application areas. It is
therefore necessary for all concerned stakeholders in Europe
to recognise the same overriding innovation imperative.

The next section summarises the main actions point ESIA rec-
ommends taking into account in order to overcome some of the
negative competitive factors confronted so far and to align with
the imperative of restoring and launching a much more favour-
able and future-oriented technology investment environment.



APPENDIX A3:

Four priority technology domains in
ENIAC’s Strategic Research Agenda?°

In its Strategic Research Agenda (SRA), the ENIAC technology
platform - representing semiconductor manufacturers, equip-
ment and material suppliers, research institutes and universities,
has established ambitious research priorities for Europe in the
following four technology domains:

= The ‘More Moore’ domain, which is internationally defined as
an attempt to develop further advanced CMOS technologies
and reduce the associated cost per function. This is achieved
based on: a) geometric scaling, i.e. the continued shrinking of
horizontal and vertical physical feature sizes of on-chip logic
and memory storage functions; and b) on a scaling that re-
lates to the 3-dimensional device structure (‘Design Factor’)
improvements plus other non-geometrical process techniques
and new materials that affect the electrical performance of the
chip (see also Fig. 7 in trend R4, Section 3).

= The ‘More than Moore’ (MtM) domain, which from a tech-
nology perspective refers to ‘a set of technologies that enable
non-digital micro/nanoelectronic functions. They are based on,
or derived from, silicon technology but do not necessarily scale
with Moores Law. From the application perspective, MtM en-
ables functions equivalent to eyes, ears, arms and legs that al-
low the world of digital computing and data storage (the brains)
to interact with the real world. MtM devices typically provide
conversion of non-digital as well as non-electronic information,
such as mechanical, thermal, acoustic, chemical, optical and
biomedical functions, to digital data and visa versa.”

= The ‘Heterogeneous Integration’ domain, which aims at a
combination of ‘More Moore’ (MM) and ‘More than Moore’
(MtM) components, integrated in the form of ‘System-in-
Package’ (SiP) solutions. The key technology underlying SiP
is Heterogeneous Integration (HI). HI not only allows the in-
tegration of multi-functional components into one package,
it also provides an interface to the application environment.
It therefore includes the ‘glue’ between the world of nanoelec-
tronic devices and systems with which humans can interact.

= The ‘Equipment and Materials’ domain addresses equipment
companies that exist in all shapes and sizes, from global com-
panies offering a full spectrum of equipment to small niche
companies with very specific products or know-how. While
the first group has the capabilities to make integrated products
that drive down cost-of-ownership for device makers, the lat-
ter group has the agility to bring innovative products quickly
to market.

These technology domains are derived from their place in the in-

dustrial ecosystem and determine the recommended innovation
paths over the next decade.

20 cf. [ENIAC SRA 2007] p. 17ss.
21 [CATRENE White Book 2007] Part B. p. 12ss.

APPENDIX A4:

CATRENE lighthouse projects
and key work areas?!

CATRENE is built on the convergence of applications and tech-
nology. Innovation for growth in Europe is based on solving
large societal needs efficiently through new products and ser-
vices, bringing more added value and employment. Experience
shows that technology innovation plays a determining role in
applications development and that large applications markets
also set new challenges for technology. Based on this view, CA-
TRENE proposes an architecture of projects and programme
management linking applications and technology closely.

Lighthouse projects address large and global socioeconom-
ic needs such as transportation, healthcare, security, energy,
environment, entertainment and communications through new
R&D and deployment projects. They present a clear vision of the
technical challenge and of the expected benefits and economic
returns and are understandable by the public.

At the beginning of the programme, the following lighthouse
projects are envisaged:

» Towards autonomous vehicles;

= 20% energy saving in products by 2020;

= Ubiquitous health monitoring and treatment;

= Secure technical society and communications.

The foundation for the CATRENE programme is the ambi-
tion of Europe and European companies to deliver nano-/
microelectronics solutions that enable lighthouse projects and
respond to the needs of society at large, improving the economic
prosperity of Europe and reinforcing the ability of its industry
to be at the forefront of global competition. This allows the cre-
ation of new GSM-like lead markets, which are the foundations
for European leadership.

The following application work areas have been defined on this basis:

= High quality, high speed, user-centred communications systems;

= Smart-card systems, trusted platforms and secure applications;

= Transport electronics for safety and security, environmental
protection and communications;

= Healthcare devices and systems;

= Energy-efficient devices and energy control systems; and

= Devices and systems for digital entertainment.

Succeeding in these application areas means mastering the con-

vergence with key technology work areas:

= Electronic design automation (EDA) for extreme SoC and SiP
design

= Process development: including next generation CMOS pro-
cess (more Moore), process options (more than Moore) and
heterogeneous systems integration;

= Manufacturing science : cross-cut technologies, equipment
and materials;

= Smart sensor and actuator systems.

During the 21st century, these needs are expected to have in-
creasing importance not only in Europe but worldwide. These
are the areas where high quality employment and value creation
will materialise — and this must be a strategic focus for Europe
and European companies.




RECOMMENDATIONS

MASTERING INNOVA

All of our trends underscore the competitive opportunities the
three focal areas of R&+D, Applications and Production represent
for Europe. The question now is what needs to be done in order
for Europe to capture these trends and to ensure that the oppor-
tunities they offer are turned into a sustainable competitive ad-
vantage for both the semiconductor industry in Europe and the
European economy overall? Matching the expectations emerg-
ing from the dynamics of the semiconductor industry with the
competitive realities in Europe calls for concerted action aimed
at “mastering innovation” and “shaping the future”. (Fig. 1)

Fig. 1 - Trends and Competitive Opportunities for Europe
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9.1. MASTERING INNOVATION

“Mastering innovation” means that the semiconductor indus-
try in Europe has a chance to take control over its destiny once
more and that its competitiveness has not been lost to globalisa-
tion. Today the semiconductor industry, with technology at its
heart, is at a historic turning point. Following half a century of
exponential improvements in silicon chip performance, device
reduction is reaching its natural physical limits and the indus-
try is undergoing a nanoelectronics revolution that is transcend-
ing ultimate scaling boundaries and wafer-bound 2-dimension-
al planarity. The semiconductor industry is working to develop
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"Mastering innovation”
means that the
semiconductor industry
in Europe has a chance
to take control over

its destiny once more

ness has not been lost

to globalisation

3-dimensional structures and interconnects, and to integrate
components based on radically new technologies and materials'.
Taking part in this innovative revolution will allow the industry
in Europe not only to assert world class expertise but also to lead
the entire initiative.

Control over key technologies is the
basis for keeping a foothold in the
competitive race. The dynamic dem-
onstrated by the trends should moti-
vate the industry to manage the tran-
sition from its past achievements to
the new frontiers of technology. The
semiconductor industry is enter-
ing a new innovation age. Today it
has many assets that will enable Eu-
rope as a whole to succeed in a world
evolving out of a decade of industrial
globalisation towards a new geo-po-
litical and social balance between in-
novation and production.

and that its competitive-

A first set of recommendations
therefore deals with priorities for
actions to create the momentum
necessary for the semiconductor
industry to live up to the ‘innova-
tion imperative’ based on R&D- led
investment. The objective of such
actions is to introduce changes
that allow the industry to gain more decisive influence in de-
fining allocation objectives, asserting industrial leadership, aim-
ing for relative independence and encouraging regional solidar-
ity among all stakeholders. This requires first of all a consensus
on the priorities.

Main action points responding to some of the aforementioned
competitive pressures align with the ‘innovation imperative’.
They involve restoring a more favourable R&D and technolo-
gy investment environment by setting priorities in the following
critical policy making areas:

Stimulating a Europe-led “market pull” for new
applications paving the way toward emerging
markets by:

= Focusing industry-wide innovation incentives on semicon-
ductor systems know-how for new applications by aligning
the European political agendas on the creation and develop-
ment of solutions in energy conservation, eco-innovation,
transportation and mobility, healthcare and wellness, security
and safety and digital content.

= Leveraging all the European semiconductor industry’s
strengths to maintain industries’ electronics innovation lead-
ership in the global market: primarily in wireless communi-
cation and networking, automotive, consumer, and industrial
equipment, while encouraging European-branded applica-
tions in lead markets.

-

cf. [ENIAC SRA 2007] p. 6

= Launching cross-industry, cross-border initiatives (clusters,
public-private partnerships, etc.) stressing the contributions of
semiconductors in specific technology areas such as software
engineering, mixed/mode analog design, heterogeneous inte-
gration and development of multi-chip and multi-component
integrated circuits (MCPs and MCOs), advanced testing and
simulation, photovoltaics.

= Orchestrating a Euro-microelectronics invention awareness
programme and encouraging the end-use industry base, from
large-scale companies to SMEs, to become lead users. This
might also include launching customers who are prepared to
take the higher initial costs and risks involved in early adop-
tion of an innovation, thus setting an example for developing
and implementing new applications in the targeted domains
as a practical step to “Creating an Innovative Europe” encour-
aged by the Aho report.

= Setting objectives for reaching standard agreements quickly
and efficiently in critical development areas demanding high
technical performance and quality levels on new application
features. This would be accomplished by an efficient use of
standards-setting bodies and industry-wide concertation.

Establish micro-/nanoelectronics as one of the over-
riding European R&D investment priorities for EU
framework programmes and public-private partner-
ships (others being, e.g., biotechnologies and cogni-
tive and neurosciences) as proposed under ENIACs
strategic research agenda and CATRENE work areas
and projects, by:

= Seeking a broad alignment of all stakeholders, i.e. the EU
Commission collectively represented by DG Enterprise, In-
formation Society, Research, and Competition, EU Member
States, companies, universities and research institutions, with
the proposed programmes and agendas.

= Promoting and leading international cooperation on issues
that are shared with the European industry; this should al-
low the EU institutions and Member State administrations to
pooling the considerable semiconductor expertise.

= Fostering the necessary collaborative conditions by creating
incentives for all possible forms of clusters, public-private
partnerships and ecosystems.

= Applying an improved and Europe-wide generalised / har-
monised tax credit scheme for R&D; if necessary by establish-
ing topical specifications related to micro-/nanoelectronics in
order to apply it on a case by case basis.

= Making micro- and nanoelectronics a priority educational
objective and development theme, ranging from awareness in
the primary-to-high school education followed by developing
multi-disciplinary curricula in academic training.

2 cf. [AHO Report]



5.2. Shaping the Future

“Shaping the future” means understanding the structuring im-
portance of this industry in the economy, in intellectual capital
creation and for excellence of the academic research.> It means
that, in addition to consensus on priorities, a sizable level of vol-
untarism will be required from all concerned stakeholder in or-
der to translate these priorities into workable conditions. Today,
in a world that is seeing an increasing concentration of centres of
production versus a multipolar diversity of innovation centres in
an economy that seeks to rebalance corresponding capital flows
between all activity sectors on a global level, Europe, as a major
innovation region, has an increasing need for decisive, dedicat-
ed action to be undertaken by policy makers in order to face the
competitive challenges.

In a second set of recommendations, therefore, we call on the EU
and its Member States to take action, together with the semicon-
ductor industry, to create the necessary framework conditions
that would enable the semiconductor industry to engage with-
out delay in the next stages of innovation. Adopting these rec-
ommendations should further help the industry to initiate those
areas of opportunities that we have highlighted in this report.
This is required by the convergence of the semiconductor in-
dustry’s interest with a very broad scope of those of Europe as a
whole. Such measures must support a value creation process that
is “predominantly influenced by vicinity to appropriate partners
(including suppliers and customers) and availability of know-
how, followed by state support conditions™

Main action points here consist of measures that have more of a
‘shaping’ nature insofar as they aim at supporting the necessary
deployment of R&D and facilitating backup of technological de-
velopments with design skills, engineering know-how and the
still significant remaining manufacturing expertise required to
implement and execute.

Adopt a number of specific regulatory and legislative
flanking measures aimed at accompanying the stated
innovation priorities and ensuring their effective
implementation by:

= Supporting policy actions at both European and international
levels aimed at correcting disadvantageous currency distor-
tions, e.g. the EURO vs. the USD, thus strengthening more
balanced bilateral and international trade relationships in
critical hi-tech business domains.

= Stimulating the development of regulatory frameworks for la-
bour policies that anticipate and manage change better, e.g.
along the lines of the recommendations in the EU green pa-
per, i.e. advancing a “flexicurity” agenda in support of a labour
market that is fairer, more responsive and more inclusive, with
special attention to the mobility of engineers and scientists
both between academia and industry and between different
countries.’®

3 cf. [CATRENE White Book 2007] Part A. p. 13
4 of [ENIAC SRA 2007] p. 8
5 cf. European Commission. DG Employment. 2006

= Removing possible legislative “Shaping the future”
roadblocks to the introduction
of new technologies and systems,
in particular in the EHS arena,
reminding policy makers that
the semiconductor industry es-
sentially is an up-stream supplier
of its devices to the OEMs and
that it has a proven track record
of voluntary measures complying
with, or even exceeding, require-

the structuring

importance of this

ments of the set rules.
creation and for
= Working in close collaboration
with the industry in order to
anticipate legislative initiatives
and measures in sensitive appli-
cation areas (e.g. energy, ecol-
ogy, mobility, health) that will
be of significant importance, in particular with regard to the
development of nanotechnologies, emphasising that ignoring
feasibility would jeopardise the competitive position of both
technology suppliers and OEMs.

excellence of the

academic research

Leverage the public R&D funding potential that exists
in Europe in order to create a Europe-wide infrastruc-
ture for open innovation and knowledge-sharing that
recognises the individual and collective societal contri-
butions of R&D by:

= Restoring in targeted, EU-wide priority R&D programmes
increased public funding levels in alignment with the Lisbon
agenda, thus revitalising a sectoral innovation pipeline and
avoiding the fragmentation issue specific to Europe. (This
fragmentation has resulted from spreading funding across too
broad a scope of research topics and from too close adherence
to national research preferences and policies.)

= Making all available incentive schemes, from R&D tax credits
to loans and grants as well as from EU structural funds to na-
tional and local measures, in order to attract internationally all
stakeholders to ecosystems or centres of excellence dedicated
to agreed technology roadmaps and work programmes under
public-private partnerships.

Encouraging the creation and expansion of new firms in high-
technology sectors in order to allow Europe to achieve its R&D
potential, calling on EU financial markets and Europe-based
venture capital investment capabilities to support increased
funding of new technology-based firms.

Encourage the essential role played by education as the
long-term foundation of intellectual innovation capital
and a solid science base from which future generations
of researchers and engineers will be able to draw by:

= Launching programmes and curricula at all levels - schools, uni-
versities, post-graduate training - able to raise innovation aware-
ness dramatically and to attract both new students and teachers
to all disciplines in the nano-/ microelectronic sciences.

means understanding

industry in the economy,

in intellectual capital



= Leveraging the ‘institutional’ capabilities academia (univer-
sities and research institutes) and regional and local govern-
ment bodies and knowledge transfer organisations provide to
extend and exploit their research infrastructures such as sci-
ence parks, incubators, venture partnering, etc., to support the
creation of young, high-tech SMEs.

= Opening much more jointly-coordinated and regulated in-
dustry training or PhD specialisation opportunities with
established R&D institutions for highly specialised talent
aimed at generating the required hi-tech knowledge and skills.
This training should be linked to practical professional experi-
ence as well as aimed at increasing intellectual property right
(IPR) creation capabilities.

= Facilitating the mobility of highly-skilled human resources in
science and technology (S&T)disciplines, allowing for a more
targeted cross-border intake of both students and a young
R&D labour force, enhancing the attractiveness of Europe for
scientific innovation while at the same time offering EU-born
educational and professional opportunities abroad.

Encourage the maintenance and renewal of European-
based manufacturing capability by restoring the condi-
tions of Europe’s attractiveness, specifically:

= Devising a set of framework policies for existing sites that sup-
ports the development of manufacturing capabilities - includ-
ing new processes, tools and methods among others - for a
large range of innovative products and technologies building
on the acquired expertise in semiconductor manufacturing,
thus extending the economic life of the existing European
manufacturing base.

Supporting initiatives that encourage new EU- and national-
based development programmes aimed at enhancing innova-
tion and manufacturing capabilities for advanced semiconduc-
tor products in specific application segments or for dedicated
types of devices; such initiatives may take different forms, e.g.

9.3. CONCLUSIONS

“Mastering innovation” and “Shaping the future” are the two sides
of the same coin. ESIA, representing the semiconductor indus-
try in Europe, believes that by reaching consensus on research
priorities Europe stands a unique chance to gain better control
over the direction and pace in which innovation takes place and
hence deliver to all concerned stakeholders the necessary focus,
energy and mindset to translate innovation inputs into winning
propositions and to realise their competitive advantage in the
global economy. For Europe to play a world- leading role in key
applications for energy, transport, security, logistics, health, in-
dustry, consumer and communications, mastering the next in-
novation waves of semiconductor technology is a must.

ESIA is also convinced that by improving the industry’s abilities
to benefit from the innovations ahead, industry members togeth-
er with all concerned decision makers - the EU, Member States,
universities and research institutes - will contribute to shaping
the destiny of Europe by competing in the world economy and
by being rewarded with strong economic returns. Keeping Eu-
rope’s micro-/ nanoelectron-
ics assets and credentials
in Europe is the stakehold-
ers collective responsibili-
ty. By jointly committing to
innovation roadmaps, mas-
ter plans and programmes
that are benchmarked for
the future, Europe takes in
its own hands all its chanc-
es to achieve the wider ob-
jective to assert its role as a
strongly-competitive econo-
my and a leading technology
provider.

By improving the
industry’s abilities to
benefit from the innova-
tions ahead, industry
members together with
all concerned decision
makers - the EU,

Member States,

universities and research

joint ventures, global alliances, foreign investments, etc. institutes - will contribute

Setting adequate priorities to encourage, at EU and national
levels, the creation of economic value by diversifying the
manufacturing capabilities of both semiconductor device
manufacturers and equipment and materials suppliers into
new targeted application areas where Europe has technology
leadership. This should be done while assisting the creation of
new competency clusters and in close co-operation with users,
academia research institutes.

Encouraging the development in Europe of new tools, meth-
ods, equipment or materials needed both for ‘more Moore’
and ‘more than Moore’ technologies, thus enabling new op-
portunities for the European semiconductor industry.

to shaping the destiny of
Europe by competing in
the world economy and
by being rewarded

with strong economic

returns



Summary of recommendations

Mastering Innovation

Stimulating a
Europe-led “market
pull” for new ap-
plications paving the
way toward emerg-
ing markets

Establish micro-/
nanoelectronics as
one of the overrid-
ing European R&D
investment priorities
for EU framework
programmes and
public-private part-
nerships

Focusing industry-wide innovation incentives on semiconductor systems know-how for new applications.

Leveraging all the European semiconductor industry’s strengths to maintain industries’ electronics innovation
leadership in the global market.

Launching cross-industry, cross-border initiatives (clusters, public-private partnerships, etc.) stressing the contri-
butions of semiconductors in specific technology areas.

Orchestrating a Euro-microelectronics invention awareness programme and encouraging the end-use industry
base, from large-scale companies to SMEs.

Setting objectives for reaching standard agreements for new applications quickly and efficiently in critical devel-
opment areas demanding high technical performance and quality levels.

Seeking a broad alignment of all stakeholders, i.e. the EU Commission collectively represented by DG Enterprise,
Information Society, Research, and Competition, EU Member States, companies, universities and research institu-
tions, with the proposed programmes and agendas.

Promoting and leading international cooperation on issues that are shared with the European industry.

Fostering the necessary collaborative conditions by creating incentives for all possible forms of clusters, public-
private partnerships and ecosystems.

Applying an improved and Europe-wide generalised / harmonised tax credit scheme for R&D; if necessary by
establishing topical specifications related to micro-/nanoelectronics in order to apply it on a case by case basis.

Making micro- and nanoelectronics a priority educational objective and development theme, ranging from
awareness in the primary-to-high school education followed by developing multi-disciplinary curricula in aca-
demic training.



Shaping the Future

Adopt a number
of specific regula-
tory and legislative
flanking measures
in support of the
semiconductor
industry

Leverage the public
R&D funding
potential that exists
in Europe

Encourage the role
played by education
as the foundation
of intellectual inno-
vation capital and

a solid science base

Encourage the main-
tenance and renewal
of European-based
manufacturing
capability

Supporting policy actions at both European and international levels aimed at limiting disadvantageous currency
distortions, e.g. the EURO vs. the USD.

Stimulating the development of regulatory frameworks for labour policies that anticipate and manage change bet-
ter, e.g. along the lines of the recommendations in the EU green paper.

Removing possible legislative roadblocks to the introduction of new technologies and systems, in particular in
the EHS arena.

Working in close collaboration with the industry in order to anticipate legislative initiatives and measures in sen-
sitive application areas (e.g. energy, ecology, mobility, health) that will be of significant importance, in particular
with regard to the development of nanotechnologies.

Restoring in targeted, EU-wide priority R&D programmes increased public funding levels in alignment with the
Lisbon agenda.

Making available all possible incentive schemes, from R&D tax credits to loans and grants as well as from EU
structural funds to national and local measures.

Encouraging the creation and expansion of new firms in high-technology sectors in order to allow Europe to
achieve its R&D potential, calling on EU financial markets and venture capital investment capabilities.

Launching programmes and curricula at all levels able to raise innovation awareness dramatically and to attract
both new students and teachers to all disciplines in the nano-/ microelectronic sciences.

Leveraging the ‘institutional’ capabilities academia (universities and research institutes) and regional and local
government bodies provide to extend and exploit their research infrastructures such as science parks, incubators,
venture partnering, etc.

Opening much more jointly-coordinated and regulated industry training or PhD specialisation opportunities
with established R&D institutions.

Facilitating the mobility of highly-skilled human resources in science and technology (S&T) disciplines allowing
for a more targeted cross-border intake of both students and a young R&D labour force.

Devising a set of framework policies for existing sites that supports the development of manufacturing capabili-
ties for a large range of innovative products and technologies.

Supporting initiatives that encourage new EU and national-based development programmes aimed at enhancing
innovation and manufacturing capabilities in specific application segments.

Setting adequate priorities to encourage, at EU and national levels, the creation of economic value by diversifying
the capabilities of both the device manufacturers and equipment & material suppliers.

Encouraging the development in Europe of new tools, methods, equipment or materials needed both for ‘more
Moore’ and ‘more than Moore’ technologies.



Glossary for Competitiveness Report 2008

APAC
ARTEMIS

AUTOSAR

CAPEX
CATRENE

CEA-LETI

CMOS

CNT

DG
DISTI
DRAM

EBIT
EC
EDA
EE
EFTA
EIM
EIT

ELV
EMEA
EMS
ENIAC

EPO

ESH
EUREKA
EURIPIDES

EUVL
FDI
FPGA

FTE
GDP
GDS2
GERD
HW
IC

Asian Pacific market

A Joint Technology Initiative (JTT) by the Euro-
pean Commission; public-private partnership
on embedded computing systems

Automotive Open System Architecture; an open
and standardized automotive software architec-
ture, jointly developed by automobile manufac-
turers, suppliers and tool developers.

Capital expenditures

Cluster for Application and Technology
Research in Europe on NanoElectronics,
EUREKA programme

Commissariat a 'Energie Atomique - Labo-
ratoire d’Electronique et de Technologie de
I'Information, Grenoble

Complementary MOS (Metal Oxide Semicon-
ductor)

Fraunhofer Center Nanoelectronic Technology,
Dresden

Directorate-General of the EU

Distributor

Dynamic Random Access Memory; a type of
semiconductor memory

Earnings before interest and taxes

European Commission

Electronic Design Automation

Electronic Equipment

European Free Trade Association

European Investment Monitor

European Institute of Innovation and
Technology, Budapest

End of Life Vehicles; EU Directive

Europe, Middle East and Africa

Electronic Manufacturing Services

European Nanoelectronics Initiative Advisory
Council; a Joint Technology Initiative (JTI)

by the European Commission; public-private
partnership on nanoelectronics

European Patent Organisation

Environment, Safety and Health

A Europe-wide Network for Industrial R+D
Eureka Initiative for Packaging and Integration
of p-Devices & Smart Systems

extreme ultra-violet lithography

Foreign direct investment

Field Programmable Gate Array; a semiconduc-
tor device

full-time employed

gross domestic product

or GDSII Graphic Design Station II

Gross Expenditure on R&D

Hardware

Integrated circuit

ICT

IDM

IPD

LpP

MCO
MCP
MEDEA+

MEMS
MPU
MTBF
NAND
NIE
NMOS
NS&E
ODM
OECD

OEM
[ON
PFOS

PPP
R&D
REACH

RF
ROI
RoHS

RTC
RTOS
S&E
S&T
SATS
SC
SIA
SiP
SMEs
SoC
SOI
SOS
SW
USD
WEEE

WSC
WSTS
WTI
WwWw

Information and communications technology
Integrated design manufacturer

Integrated Passive Deiscrete

Low power

Multicomponent IC

Multichip IC

Industry-initiated pan-European
Programme for advanced co-operative
Microelectronics R&D
Micro-Electro-Mechanical System
Microprocessor Unit

Mean Time between Failures

Type of Flash memory

Newly industrialized economies

Type of Flash memory

Natural science and engineering

Original Design Manufacturer

Organisation for Enconomic Co-operation and
Development

Original Equipment Manufacturer
Operating System

Perfluorooctanesulfonic acid; is used in mul-
tiple photolithographic chemicals
Purchasing power parity

Research & development

Registration, Evaluation, Authorisation of
Chemicals; EU Regulation

Radio frequency

Return on investment

Restriction of use of certain hazardous sub-
stances in electrical and electronic equipment;
EU Directive

R&D tax credits

Real Time Operating System

Science and Engineering

Science and Technology

Semiconductor assembly and testing services
Semiconductor

Semiconductor Industry Association of the US
System-in-Package

Small and medium enterprises
System-on-Chip

Silicon-On-Insulator

Silicon-On-Sapphire

Software

United States Dollar

Waste Electrical and Electronic Equipment;
EU Directive

World Semiconductor Council

World Semiconductor Trade Statistics

West Texas Intermediate

Worldwide



Short references in footnotes:

[AHO Report] European Commission. DG for Research. Cre-
ating an Innovative Europe. Report of the Independent Expert
Group on R&D and Innovation appointed following the Hamp-
ton Court Summit and chaired by Mr. Esko Aho. 2006. Link:
http://europa.eu.int/invest-in-research/

[CATRENE White Book] CATRENE White Book. A private-
public partnership for growth through innovation in Europe.
Part A: Rationale and Organisation, Part B: Applications and
Technologies. MEDEA Office Association (ed.), Paris, 2007.

[ENIAC SRA 2007] ENIAC. Strategic Research Agenda. Eu-
ropean Technology Platform Nanoelectronics. Second Edition,
2007.

[ESIA 2005] EECA-ESIA. The European Semiconductor In-
dustry: 2005 Competitiveness Report; Brussels, 2005.

[ISTAG Report] European Commission. DG Information So-
ciety and Media. Shaping Europe’s Future Through ICT. Report
from the Information Society Technologies Advisory Group
(ISTAG.) 2006. Link: http://www.cordis.lu/ist/istag.htm

[Key Figures 2007] European Commission. DG for Research.
Key Figures 2007. Towards a European Research Area Science,
Technology and Innovation. European Communities, 2007.
[Key Figures 2007]

[Rapport Saunier 2008] Saunier, Claude, Sénateur. Rapport sur
Iévolution du secteur de la micro/nano-électronique. Office par-
lementaire dévaluation des choix scientifiques et technologiques.
Paris, 2008.
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