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1. Introduction

Nanoelectronics create the essential hardware enabler for innovative electronic products and
services in key growth markets for the European industry. In the statutes of the ENIAC JU,
the Multi-Annual Strategic Plan (MASP) defines the strategy that the JU will follow to ensure
that the Research Agenda (RA) can be executed under the most favourable conditions.

The MASP identifies focussed and strategically decisive, application driven key areas of
research and innovation in nanoelectronics that have the potential to strengthen the European
industry. To this effect, the MASP identifies the most important challenges to address from
the economic, societal and political viewpoint and selects the most promising ones in terms of
market success and lasting impact. The selected topics ensure a broad participation of the
Member States. They encompass the complete value chain, from technology development to
applications that would yield commercially successful products. In line with the objectives of a
Joint Technology Initiative, offering the potential for larger Europe-wide initiatives, with more
flexibility, increased efficiency, no restriction in duration or size, it is expected that large,
integrated projects are launched having a significant industrial impact.

The MASP 2010 is completely renewed. It has been written for a large part in common with
CATRENE and contains a Vision, Mission and Strategy for nanoelectronics in Europe, with
emphasis on the R&D aspects. It provides furthermore information about the roles of the
various actors and the funding tools. It analyses the current status of the industry and backs
this up with many data. It concludes about R&D topics, which are important from commercial,
societal and/or technological perspective. It is a comprehensive document, which will be
referred to in this workplan on several locations. The MASP has a scope of several years.
More than in the past, this annual workplan (AWP) is focussed and sets priorities for 2011 out
of the many relevant topics identified in the MASP.

Within each integrated project, a realistic representation should be found for the underlying
nanoelectronics R&D ecosystem in Europe, including large corporations, SME’s, institutes,
and universities. The mechanisms to accommodate smaller partners, SME'’s, institutes or
universities in larger integrated projects shall be kept flexible e.g. by allowing direct
participation in the project, special links with one of the direct project partners, or a set of
linked smaller projects. SME’s are an important consideration when shaping new consortia
and proposing projects. Part of the Mission in the MASP is “....set up and support
mechanisms to integrate the strength and capabilities of small and medium-sized enterprises
(SMEs) ...... ”. References to the role that SME’s play in ENIAC and CATRENE projects are
especially given in chapters 4.2 and 6.4 of part B of the MASP. Past experience, with 13% to
20 % person years participation of SME’s in MEDEA+/CATRENE and ENIAC projects till now
shows the efficiency of these two programs in involving SME'’s.
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R&D priorities for 2011:
a. The workplan.

With the approval of the new MASP, which constitutes of the VMS (Vision Mission Strategy)
document augmented with its annexes 2 and 4, the AWP (Annual Work Plan) can be much
simplified1. Goals in 8 domains, corresponding to the 8 chapters of part C of the MASP need
to be tackled in order to fulfil the mission of ENIAC. Within these selected domains 25 Grand
Challenges have been identified during the Spring Summit and approved by the ENIAC
Governing Board. They have been described, analysed and road-mapped in terms of
expected achievements and foreseen innovation in chapters X.3 of part C of the VMS
document, where X is the chapter number. The AWP contribution by AENEAS will bring some
focus for 2011 in this large, but relevant, “to-do list”.

The 8 identified domains in the VMS have been classified in application oriented domains and
technology oriented domains in the table below. Of the 25 Grand Challenges, which have
been identified in part C of the VMS document, 16 are application oriented and 9 are
technology oriented. For the 2011 program of ENIAC 9 out of the 16 application oriented
Grand Challenges of the VMS document have been selected. Also the 9 technology oriented
grand challenges have been selected provided that the conditions as outlined in chapter 4.2
of annex 2 of the MASP are fulfilled. (At the very end of this AWP these conditions have been
reproduced.)

Chapter#  Chapter Grand Challenge

1 AUTOMOTIVE AND TRANSPORT Intelligent Electric Vehicle

1 AUTOMOTIVE AND TRANSPORT Safety in Traffic

2 COMMUNICATION & DIGITAL LIFESTYLES Internet Multimedia Services

2 COMMUNICATION & DIGITAL LIFESTYLES Evolution to a digital life style

3 ENERGY EFFICIENCY Energy Distribution and Management —
Smart Grid

3 ENERGY EFFICIENCY Reduction of Energy Consumption

4 HEALTH AND THE AGING SOCIETY Home Healthcare

4 HEALTH AND THE AGING SOCIETY Hospital Healthcare

5 SAFETY & SECURITY Securing the European challenging
Applications

6 DESIGN TECHNOLOGIES Managing complexity

6 DESIGN TECHNOLOGIES Managing Diversity

6 DESIGN TECHNOLOGIES Design for Reliability and Yield

7 SEMICONDUCTOR PROCESS AND INTEGRATION Know-how on Advanced and Emerging

Semiconductor Processes

7 SEMICONDUCTOR PROCESS AND INTEGRATION Competitiveness through Semiconductor
Process Differentiation

7 SEMICONDUCTOR PROCESS AND INTEGRATION Opportunities in System-in Package

8 EQUIPMENT, MATERIALS, AND MANUFACTURING  Advanced CMOS — 1X nm & 450mm

8 EQUIPMENT, MATERIALS, AND MANUFACTURING  More than Moore

8 EQUIPMENT, MATERIALS, AND MANUFACTURING  Manufacturing

This AWP calls for projects that address one or more of the above mentioned Grand
Challenges as their primary target. The reader is referred to the MASP to get a more detailed
description about the Grand Challenges and the goals that should be reached. Where
applicable the synergies with other domains (as defined in the MASP, part C, chapter X.6)
and relations to results obtained in earlier projects must be identified respectively used.

Consortia should be well aware of the policy guidelines given by the ENIAC PAB (Public
Authorities Board) and reproduced in annex 4 of the MASP. This set of 25 guidelines set aims
to enhance the competitive advantages of Europe in nanoelectronics. They also guide on the
usage of European Funding Instruments (guidelines 19-24). This general guidance is
interpreted towards a more operational level, usable for initial selection of funding tools by
consortia in chapter 4 of annex 2 of the MASP.

! In order to make this AWP a self-contained document, all references to the MASP have been copied in Annex 1.
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b. The relation of the selected Grand Challenges to

The following table summarizes projects running (call 1 and 2) or being envisaged (call 3) in
ENIAC with relation to the mentioned Grand Challenges. New projects, within the same
Grand Challenge, should indicate to what extent (if any) they relate to the running projects,
how they will use the results of running projects and —if applicable- what mechanisms have
been installed to guarantee complementarity.
contribution to a Grand Challenge is not-overlapping to running or envisaged projects.
“P” indicates a primary project target, “S” a secondary project target.

New proposals should ensure that their

Intelligent Electric Vehicle

Design for Reliability and Yield

Know-how on Advanced and Emerging Semiconductor Processes
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2. Conclusion

This AWP-2011 calls for projects to implement the strategy of the MASP. Projects must have
as primary target one or more of the 9 application oriented Grand Challenges as identified in
section b. Future annual work programs may consider different sets of Grand Challenges.
Also projects that address as primary target one or more of the 9 technology oriented Grand
Challenges may be accepted provided that the conditions as outlined in chapter 4.2 of annex
2 of the MASP are fulfilled. Duplication with running or envisaged projects is to be avoided.
The AWP 2011 will be implemented in one call. The ENIAC JU will assess the conditions
under which a second call could be launched, and will present a proposal to the PAB,
provided the budget will be available, in accordance with the provisions of the Statutes Art.13,
with the financial rules, and with the relevant PAB decisions.
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ANNEX 1: copy of all quoted and referred chapters and/or
paragraphs of the VMS/MASP

VMS, Part B, chapter 4.2:
4.2 Eco-systems around European

nanoelectronics R&D actors

The industry takes the responsibility to create and maintain healthy nanoelectronics eco-

systems in Europe including other R&D actors in the nanoelectronics domain.

Sometimes, the ecosystem is shaped as a consortium or a loose connection of cooperation
between large corporations, SME’s, public research institutes and universities. It can be ad-
hoc for specific projects, but in practice, due to cooperation in the past in similar projects, that
were supported by public private partnerships, the ecosystem becomes more intertwined and
companies and institutes benefit mutually from each other’s expertise and from the trust that
was created by fruitful cooperation. In particular for SME’s such cooperation has proven to be
very useful.

Often, however, the ecosystem has a more formal character, either bound by location or by
organisation. Famous are the clusters of companies, institutes and public authorities in
Grenoble, Dresden and Eindhoven/Leuven, but there exist more examples of such
geographically bound excellent co-operations. Quite a few SME’s (often not so small
anymore!) have been created within this context. Industry commits to continue to support
these initiatives.

Non-geographical, but organisationally bound clusters can be found in public private
partnerships like CATRENE and ENIAC. The initiatives leverage the potential of Europe as
whole and their importance for the industry can hardly be overstated. In return Industry
guarantees exploitation of the results obtained through these clusters to the benefit of Europe
and of the position of the European based R&D actors in the global competition.

Ecosystems and clusters have an R&D scope from very advanced research to product
development. They are excellent “tools” to ensure that very advanced results (as obtained
mainly by Academia, Research Institutes and Universities) find quickly and efficiently their
way towards integration in products and manufacturing methods of members of the same
eco-system.

VMS, Part B, chapter 6.4:
6.4 SME creation (spin in, spin out, embedding
in ecosystem)

Fostering co-operation will also encourage the inclusion and creation of SMEs in the most
demanding and promising fields. Such co-operation will expand the size of the ecosystem
and make it more attractive to all participants, thereby effectively and significantly increasing
the threshold to move to locations outside the ecosystem. The continuous spin-in and spin-
out of small and medium-sized companies to larger ones make the ecosystem even more
attractive. Notably, the creation of highly-competitive SMEs is often the consequence of
research results from universities and the sharing of know-how and facilities within an
ecosystem or region.
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Similarly, the presence of large industries in a region or ecosystem often depends on SME
suppliers. The customer-supplier intimacy within the ecosystem greatly contributes to the
stability of the industrial activity in a region. A focus on SMEs in public-private partnerships
will therefore also be beneficial for universities and large companies.
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VMS, Part B, chapter 6.4:

7.2.2 Delineation principles?

The strategy outlined in this document for European R&D in micro- and nanoelectronics that
can be supported by the different funding instruments, each having its specific strengths in
offering the best possible co-operation schemes. Delineation is a pragmatic approach to help
industry and public authorities in deciding which instrument is best suited for supporting
specific projects and policies. Consequently, such delineation will ensure that proposers make
the right choice at the beginning of a project development and submission process.

Delineation will not prevent effective links between themes in both ENIAC and CATRENE,
when appropriate. A limited overlap can also be desirable for flexibility.

Content:
The two programmes on nanoelectronics aim at strengthening the competitiveness of Europe
and its industry, and at offering innovative solutions for Europe at large.

It is agreed that:

¢ ENIAC]U should address mostly applications and socio-economic challenges of pan-
European interest; while

e CATRENE should address mostly technologies and challenges involving a smaller
number of Members States and/or partners.

Synergy between the two schemes is required to strengthen the value chains in Europe.

Role:

ENIAC JU must follow a top-down approach, where projects have to fit within a predefined
annual work programme (AWP). This AWP should reflect priorities at the European level to
the benefit of a large number of European countries.

CATRENE will continue to follow a bottom-up approach, with projects in which the number
of countries involved is limited, and where specific and dedicated national support and
funding schemes are often necessary.

Type of projects:

ENIAC JU projects should be of global interest to Europe and to most European countries.
These projects should mostly be dedicated to addressing key socio-economic challenges for
Europe. They should have a medium-to-long-term vision. In principle, they should seek
support from a large number of countries, working together in a common approach and
towards a common goal, to solve these challenges and to define a unified European approach.
For the definition of the key topics of innovation, it is vital to bear in mind the complete value
chain which ranges from technology developments to commercially-successful products.
Examples of such topics could be: hybrid and electric cars, energy efficiency and healthcare.

CATRENE projects are more focused with limited partnerships and should mostly deal with
key technological breakthroughs. These projects normally have a short-to-medium-term
objective. Some very large projects of great industrial importance to a limited number of

2 The delineation principles described here have been created by a working group set up by
the CATRENE Public Authority Directors during their meeting in Noordwijk in November 2009.
They have subsequently been communicated to the CATRENE and AENEAS support groups
in January 2010.
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countries have clearly their place in CATRENE. The objective must be to maintain
corresponding knowledge about technologies and design techniques in Europe with the aim
of paving the way for the envisaged application solutions. Examples of such projects are in
the area of “silicon process and integration”, related “equipment, materials and
manufacturing” and “advanced CMOS”.

More details on the delineation according to the sub-programmes of ENIAC and work areas
of CATRENE are shown in the annex®.

Implications of delineation:

Both instruments need to have a clear role in supporting the overall nanoelectronics vision/
strategy. Both instruments have different characteristics and have, therefore, to be used to the
best of their possibilities. This is the aim of this proposal. The delineation and prioritisation of
strategic goals between ENIAC JU and CATRENE will be more effective if all the
stakeholders involved actively support the underlying principles.

® This annex is available with the document, but not reproduced here.
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VMS, Part c, chapter 1.3:
1.3.1 Grand Challenge 1 ‘Intelligent Electric Vehicle’

Description:

Grand Challenge 1 ‘Intelligent Electric Vehicle’ should be considered as the refinement of the
previous Grand Challenge ‘Full Electric Vehicle’. The Intelligent Electric Vehicle should be
embedded in complex traffic management and logistic systems and should cover all available
electric drive concepts especially the full electric drive but also hybrid technologies (e.g.
parallel hybrid, plug-in hybrid, serial hybrid, and range-extender).

High Priority Research Areas:

J overall concepts for EVs covering cruising range, energy management, reliability and
safety enabled by nanoelectronics

. energy efficient power electronics for the electric drive train (new voltage classes)

J electronics to control advanced storage technologies (innovative battery cells, hybrid
batteries, fuel cell)

J introduction of multi-core technology for real-time control

J heterogeneous system integration inclusive thermal management

. advanced reliability research (e.g. EMC)

The identified areas request fundamental research on semiconductor technology, device level
and assembly/packaging technology.

Competitive Situation:

At present European companies are at market position 1 in conventional cars and position 3
in electric cars. In Automotive, Europe has three players in the top five: ST, NXP and Infineon.
There is a realistic potential to become number 1 also for electric vehicles, especially in
integrated e-mobility systems (vehicle and infrastructure integration for (H)EV). Full market
penetration will stabilise employment and has potential to even increase it.

The full electric vehicle will create an estimated world-wide market in the multi-billion Euro
range. For 2015, it could be around 50 Billion Euros , and in 2020 around 100 Billion Euros.
Recent market trends show a fast introduction of e-bikes and e-cycles in order to get fast on
the e-mobility learning curve and to pave the way for mass introduction of e-cars.

Expected Achievements / Innovation Foreseen:

The well-known economic and ecologic reasons will push the introduction of the full electric
vehicle. A significant CO: emission reduction from today >120g/km to around 45g/km is
expected, proving that electric energy is generated from low carbon resources.
Nanoelectronics based solutions will be expected for a significant progress in the fields of
energy efficiency, reliability and lifetime at reasonable costs.

Therefore innovative application systems are expected like:

. interconnection systems for secure connection of the electric vehicle to the grid for
remote identification, diagnostics, charging and metering,
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. intelligent on-board traffic management and navigation in order to achieve maximum
efficiency and driving range,
. innovative advanced driver assistance systems.

This should be accomplished by new innovative components (sensors, multi-cores,...),
system-in-package technologies and design and verification methodologies.

1.3.2 Grand Challenge 2 ‘Safety in Traffic’

Description:

The Grand Challenge 2 ‘Safety in Traffic’ should cover the different layers from vehicle up to
complete management systems in terms of safety.

The importance of improved safety inside and outside the vehicles and in complex traffic
infrastructures is self-explanatory. The public and legislative demand for safer cars and safety
in traffic is increasing. Safety in vehicles will become a key condition for market penetration.
The same holds for security if networking increases. In urban traffic especially, 50 % of the
fatal accidents shall be avoided.

The estimated global market for the safety in traffic challenge is the total vehicle market and
the complex traffic infrastructure like traffic management systems, vehicle-2-vehicle, vehicle-
2-X, logistic systems etc.

High Priority Research Areas:

. innovative active safety systems

J reliability and safety from component (e.g. sensor) up to complex traffic safety
management systems

. reliability and safety in operation and control and communication

J initiation of European standardisation for deployed technologies, safe

communication protocols, certification and test
. European introduction of automatic emergency calls (e-call)

Competitive situation:

Especially in the European countries, the automotive industry plays a central role for the
internal market as well as for export. Concerning conventional vehicles and the safety of
vehicles, European companies are currently in a clear leading position. In addition to this,
there is also a very strong aeronautic industry (Airbus) and railway industry. The success of
Europe in these transportation domains is strongly dependent on the latest technology —
especially for improving energy efficiency, safety and comfort.

If Europe safeguards its good market position by including innovative and effective safety
features, many jobs in the automotive industry will be conserved.

Expected Achievements / Innovation Foreseen:

New innovative traffic safety management concepts and systems with a holistic view on all
kind of transportations are expected as well as new active safety and driver assistant system
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in electric vehicles driven by safe components like sensors, actuators and multi-core
processors. The expected progress in the overall safety system will strongly support the
European target of decreasing fatal accidents by 50%.

1.3.3 Grand Challenge 3 ‘Co-operative Traffic
Management’

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.

VMS, Part c, chapter 1.6:

1.6 Synergies With Other Domains

The general ubiquitous expectation of our modern information and communication society is

to take advantage of all existing services regardless where we are — in the office, at home or
on the way.

This strong request leads on the one hand to the multi-domain deployment of various
applications, basic technologies, methodologies, architectures and on the other hand to new
cross-domain applications. Seamless connectivity and interoperability becomes more and
more important.

This should be supported by cross-domain use of Design Technologies, Semiconductor process
and integration and Communications.

In contrast to other domains Automotive & Transport is characterised by its harsh real-time
environment and very limited energy resources available for applications. To meet these
requirements robust technologies and domain-specific implementations of the same
functionality are requested.

Another specific characteristic of Automotive & Transport is the different significance of non-
functional aspects like Safety and Security or Emnergy Efficiency in comparison to other
application domains.

The challenge for nanoelectronics is to develop solutions with almost no degradation in
performance and comfort.

VMS, Part c, chapter 2.3:

2.3 Grand Challenges

In the context of convergence and in order to address all the technical issues in the most
efficient way, the R&D activities will be organized around Four Grand Challenges with a long
range planning effort and close cooperation along the whole value chain. The objective is to
spur development of innovative and cost effective technologies enabling designing and
manufacturing in high volume silicon systems solutions for the communication and digital
life style market. The Four Grand Challenges are namely: INTERNET MULTIMEDIA
SERVICES, EVOLUTION TO A USER DIGITAL LIFESTYLE, SELF ORGANIZING
NETWORK and SHORT RANGE CONVERGENCE.

2.3.1 Grand Challenge 1: “Internet Multimedia
Services”

Page 12 of 46



ENIAC-PAB-62-10-V20122010 ENIAC Annual Work Programme 2011

Vision:

Towards the convergence of application devices and networks , the Internet Multimedia
Services challenge aims at developing innovative silicon solutions offering the possibility to
manage in the most effective way the amount of data requested by the implementation of
broadband services.

Description:

The convergence scenario of consumer, computer and communication electronic systems
drives an exponential growth of code and data in all electronic systems. At high level
“convergent” electronic system performances are measured in term of bandwidth, in order to
speed up Internet connection, and in term of reduction of the power consumption, in order to
enhance the portable use. Power reduction also has a strong impact on consumer-grade
devices (STB, tablets...) because of new power usage standards and cost aspect. The
continuous introduction of new multimedia formats impact the processing capabilities
because of the decoding / encoding requirements (access to any content requires spatial and
temporal transcoding). Ease of use also has a strong impact on the processing capabilities and
memory requirements, as “making it simple” for the user is not at all simple on the design
side.

Competitive Situation:
After dropping 12% in 2009; IC insights forecasts that the WorldwidelCommunication
Telecommunication market will register a 9% growth in 2010 to MKT by product type ($B)
reach $370 billion. For the period 2009-2013 we should register a 200720151 csh)
CAGR of 8%. This market includes cellular mobile phones, | Logic 278 425
cordless telephones, cellular base station equipment and

switching equipment (BS&SE), pagers and two way radios. | Analog | 11.6 132

Other communications systems include wireline systems. The |'Nemory | 10 16.9
figure shows that cellular phones will be the largest market for
communication ICs. Growth for the IC communication market
should continue well beyond 2010 to reach a total of $77,9 | TOT 56.5 77.9
billion. The former n°l is Qualcomm (US); the other major
suppliers are Samsung, ST-Ericsson, Texas Instruments, Mediatek, Broadcom, Infineon, Renesas
and Numonyx.

Micro 7.2 5.2

Communication IC market As part of the telecommunications

15.40% market, the global silicon photonics
Cellular/PCS market is expected to reach $1,950

14.30% handset - . 17 .
Cellular/PCS million in 2014 from $10 million in
66% it steifonn 2007 with a CAGR of 105.3% from
CMEMIEEs | 2009 to 2014. In 2008, the
66.30% = Other wavelength  division multiplex

Qther \ . s
emmANCEen | filters contributed $7 million or

30.4% to the global silicon
photonics market. Photo detector is
the second-highest market and it
contributed 21.3% and then comes optical interconnect with 18% and optical
modulators with 17%. In 2014, due to the high growth rate in telecommunications
and sensing markets most of the silicon photonics products are expected to attain full

Source G Insights

integration and commercialization. The key players in the silicon photonics market

Page 13 of 46



ENIAC-PAB-62-10-V20122010 ENIAC Annual Work Programme 2011

are in Europe: Alcatel-Lucent, STMicroelectronics and Innolume and in the US: Luxtera,
Hewlett-Packard, IBM, Intel and Infinera. (Source: MarketsandMarkets).

Expected Achievements/Innovation Foreseen:

J System Memories

The memory system design has to support the increasing requirements in terms of bandwidth
and power consumption reduction, and to that respect non volatility solid state is the best
way for reducing power consumption. Multimedia and Data Storage integration require to
secure European leadership and competitiveness also in the memory-field both from
architectural and technology point of view. Memory Systems will have to offer the bandwidth
needs of the final device, cache structures and the use of different memory technologies being
the forecasted solutions. Due to the limit reached in the scalability model which was up to
now the driving solution to achieve more powerful and less expensive memory systems; in
the next decade it will become impossible to continue to shrink actual NVM Flash. New
memory technologies are needed like PCM (Phase Change Memories), which will offer

further scalability, low cost per bit, and improved performance.

Since critical computing applications are becoming more data-centric than compute-centric
high-performance, high-density, and low-cost NVM technology with access time much lower
than hard Disk Drives and close to the order of magnitude of DRAM Memories are
indentified to offer the memory system solution for the new computing applications.

So the challenge for solid-state memory technology is also to meet the demand of future
storage server systems, modifying actual storage-memory hierarchy.

J Implementing New Computing Approach

Multimedia broadband services are moving from pure voice connection to audio, video
imaging and graphic. In particular video content for real time or streaming applications are
growing fast with more and more demand for higher quality driven by HDTV. The challenge
is to develop advanced video compression techniques optimising the amount of bandwidth.
The emergence of HDMI output for a mobile device brings as well new features and new
problems to address as it connects it to a TV set. This has the side effect of introducing in a
mobile device some issues existing only in the digital TV domain like user interfaces on a
wide screen. The support of new HD format in the device brings very complex problems
related to processing power as the amount of data to process is dramatically increasing
leading to solutions integrating more and more processors cores making the programming
tasks even more challenging than ever.

To make the situation even more complex, the new solution will have to manage efficiently a
big part of the software legacy already existing in order to have silicon systems solutions
compatible with aggressive time to market constraints. The integration of very heterogeneous
blocks of IP makes interconnection issues very critical as it has a strong impact on viability
and performance of a solution. Today due to the size of the chips it is clear that integration
can happen only in connecting asynchronously synchronous islands. In such conditions the
solutions like NoC (Network on Chip) are very important.

J Photonics, At The Heart Of High Speed Broadband Services

The enormous performance of today’s communication network is based to a large extent on
optical communication technologies which allow for highest bit rates in it's backbone and
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increasingly as well in it’s fine ramifications of the access network connecting the residential
areas.

The ever-growing demand for

Complexit
pedy higher traffic in the
EVOLUTION OF SILICON PHOTONICS communication network
S e e involves higher bit rates in future
WDM optical transport backbone
o — ( 3 per optical channel. Electronic

surpassing bit rates of 100 Gbit/s

u D Souroe Marketsandiarkets circuits dealing with such high
o data rates will be highly

vear of commercialization sophisticated designs based on
1990 2004 2014 most advanced Silicon On
Insulator (SOI) CMOS or even

high performing SiGe BICMOS technologies. Circuits intended for usage in the passive
optical (access) network (PON) will face lower speed performance requirements ranging up

to several Gbit/s in PON, but face extremely challenging low cost targets. Similar

requirements hold for optical backhaul systems solutions for base stations in wireless access
network. The conflicting needs for performance increasing and reduction of energy
dissipation are demanding for high efficient system solutions. As a consequence future high
performing systems will increasingly be based on photonic system concepts, which
promise a significant higher performance at reduced energy budget.

Integrated optics and CMOS circuits, based on Silicon On Insulator (SOI) wafer technology is
going to become the new process mainstream opening the road for a pervasive high speed
communication at low cost and low power: such a process technology is well known as
"Silicon Photonics". The possibility to merge, on the same substrate and package, optics with
the most advanced CMOS / BiCMOS offers a unique possibility to miniaturize the today high
speed applications by reducing cost and power by a scaling factor of two decades with
respect to the interconnections based on copper. In fact it is now possible to envisage
solutions where electrical interconnect can be replaced by very high-speed link on silicon.
Such technologies are already emerging in server markets for die-to-die connection but will
soon be a mandatory solution in SoC on SiP. Such a very high bandwidth link will have an
important impact on architecture and system partitioning and for sure will become a gating
factor to new high end multimedia system in the future.

The Silicon Photonic can therefore be seen as a disruptive process technology that will
remove the bottlenecks in high-speed intensive computing, data communication, telecom
and high-end storage applications.

2.3.2 Grand Challenge 2: “Evolution To A Digital Life
Style”

Vision:
The new “Digital TV User lifestyles” aims to bring an easy, ubiquitous and fun access to
media, information and knowledge to European Citizens.

Description:

Consumer Electronics devices are becoming more and more complex. The number of features
they embed is growing exponentially. The large number of possible interfaces to the outside
world, the new applications and the list of standards they have to support are adding to this
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usage complexity. Keeping complex devices easy to use is very challenging but it has a
strong societal impact. This must help less-technological friendly European Citizens
accessing to the digital world and to the associated knowledge. The “lamda” user wants to
have an easy and seamless access to these advanced features. The consumer must be able to
move its screen/tablet/TV without noticing the way the content is transmitted. The switching
from a digital wired network to a wireless link should be transparent for the user with an
efficient management of the associated bandwidth constraints. The easy access to the contents
leads to an increase of data exchange and data computing that must accomplish with latency
in line with the user expectations.

Competitive Situation:

The consumer electronics
Global Set-top Box Shipments, 2008-2014 market continues to move from
Million of units .
200 - the analog to the digital world
180 + offering the possibility to
160

140 connect the home to a large
120 | range of multimedia services.
100 - Towards a digital connected

80 h h box is plavi
60 - ome, the set-top box is playing
40 A a central role in offering
28 7 multimedia services and
2008 2009 2010 2011 2012 2013 2014 despite  the  economical
Source:iSuppli Corp. June 2010 env1ronment, thlS market
driven by the demand in

emerging regions, is showing solid strength. The total shipment should be in the range of 180
Million Units in 2014, representing large opportunities for the semiconductors industry
including audio/video processor, memories, demodulator and tuner ICs. Pace, Motorola and
Technicolor are the top three set-top box suppliers. As far as the digital market is concerned, IC
Insights forecasts the market for DTV semiconductors will reach $8.25 billion in 2010. Chip
revenue for DTVs is expected to increase from $7.25 billion in 2009 to $13.0 billion in 2013,
representing an average annual growth rate of 16%.

Expected Achievements/Innovation Foreseen:

New Video Sources and Content Management:

The next 5 years will see the deployment of the 3DTV, the emergence of the Ultra High
Definition, the generation of new content with immersive video in which virtual content and
reality are merged together. The management of all these new content and video formats, on
various devices (TV, set top box, mobile phone, tablet), represents a real technical new
challenge.

Ubiquitous Access to The Content

This means, “access to my content anywhere, anytime, on any device”. The user is not
interested in format transcoding, content rights protection or bandwidth issues; he/she only
wants to watch/listen to his/her content. As a consequence there will be a need for high
bandwidth multiple entertainment streams that have both the DRM content and the
individuals” privacy protected. Also fast video search engine to search a video sequence in a
huge video data bank will be needed.
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2.3.3 Grand Challenge 3: “Self Organizing Network”

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.

2.3.4 Grand Challenge 4: “Short-range convergence”

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.

VMS, Part c, chapter 2.6:

2.6 Synergies with Other Domains

The synergies with the other chapters are as follows:
. Low Power and RF design can find synergies with design technologies and specific
cooperation with the semiconductors process integration domain.

J Heterogeneous 3D integration requested to perform the next generation of cellular
phone and sensors networks will be an issue at design technologies level as well at process
level.

J Silicon photonics solutions are requesting specific silicon technology improvement
and have to be developed in strong relation with the semiconductor process domain.

J “Self organizing network” and “short range convergence” will be essential for
“Health and aging” as well as “Energy efficiency” projects.

J “Internet Multimedia services” will be also an issue for “Automotive and Transport”
projects, especially in the light of car to car communication.

VMS, Part c, chapter 3.3:

3.3 Grand Challenges

A consequent strategy for reduction of energy loss and for most efficient use of energy must
define actions along the whole energy cycle (generation, transport and consumption).
Therefore, the “Grand Challenges” for Energy Efficiency have been identified as described
below.

3.3.1 Grand Challenge 1 “Sustainable and Efficient
Energy Generation”

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.

3.3.2 Grand Challenge 2 “Energy Distribution and
Management - Smart Grid”

Description:

An enormous potential for energy saving is the management, storage and distribution of
(electrical) energy. The existence of European wide energy distribution networks is today
only visible in case of problems producing large area “black-outs”. The challenge is to bring
intelligence into the power distribution system. The power grid of the future is one of the
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most challenging visions. Gigantic wind farms in the sea and enormous solar fields in the
desert are to generate the bulk of our power in the years to come. But consumers and
companies are also producing energy with mini-power plants in their own basements and
solar panels on the roof. And intelligent and efficient appliances are saving energy in our
homes: washers, dryers and refrigerators that communicate with each other wash, dry or cool
when electricity is cheapest.

The “smart energy grid” will combine management of incoming power, of distribution of
power and of outgoing power. This could include also a network of (at this moment) un-used
batteries of millions of electrical cars. But, the “smart energy grid” will only work “smartly”,
if it is not only a power-network, but at the same time a communication network, which
contains security features, grid monitoring and payment features. This “smart energy grid”
should be constructed at the building, district and city levels, to ensure maximum energy
efficiency of the overall systems.

Competitive Situation:

As the discussion about energy supply and about its environmental aspects is conducted all
over the world, the competition is very hard and indeed there is a world-wide race for the
first real smart energy grids. Europe is in a rather good starting position as all necessary
elements are available and Europe has a leading in research and in market penetration of
most of the needed elements. European companies have acknowledged strengths in power
electronics and in communication, and the respective R&D is very active.

Expected achievements / innovation foreseen:

. Energy conversion with efficiencies of 90% and more will allow a
transformation of the produced electricity into currents/voltages, which are
adequate for the respective type and length of the power lines.

J For efficient energy transmission over long distances, very high voltage
(HVDC) lines will be installed (e.g. 800 kV). Similarly, for integration of
renewable energy systems (such as solar or wind) with DC-based lighting
technologies, low voltage lines in buildings are required. Highly effective
AC/DC/AC conversion will be needed for entry and exit of energy.

. To effectively measure and communicate energy consumption in
buildings, cities and districts, user profiles or future needs, dedicated sensors
and communication networks have to be developed.

3.3.3 Grand Challenge 3 “Reduction of Energy
Consumption”

Description:
A first, but not negligible, contribution is the reduction of power consumption
of the electronic components and systems themselves. Well-known examples
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are the limitations by heat development of microprocessors as used in
computers or the demands for mobile electronic equipment.

A more important — indirect - contribution is the energy savings on
system/applications level. Research on advanced semiconductor technologies
and energy efficient systems and solutions will enable industry to provide
technologies and products to drive energy saving of end-equipment and the
social system. Some examples are: intelligent lighting, motor control for home
appliances, industrial applications and automotive, mobile applications.
These areas feature healthy growth while being conscious that energy efficient
systems and solutions are key factors for the Green society.

Competitive Situation:

Having the whole value chain present and in world-wide leading positions, Europe has a
rather good chance to build up a healthy “green industry” around tools and goods for
reduced energy consumption. European companies have acknowledged strengths in power
electronics and in nearly all of its applications. Market studies show strong positions of
Europe in the whole field of power electronics, but even dominance in power semiconductor
modules for renewable energies. Also, the related R&D is very active.

Expected achievements / innovation foreseen:

e Lighting: In the near future, incandescent and fluorescent lighting will be replaced by
LED technology, which is still being improved by remarkable R&D efforts. Two essential
innovations are needed: One is focusing on high performance (>150 Im/W efficacy), reliable
and low-cost LED system integration, wherein LED devices, optics, drivers, controllers,
sensors, cooling solutions, and other essential components should be seamlessly integrated
into a compact and smart opto-electronics sub-system. Another focus is to create and add
intelligence to the LED light engines and sub-systems to provide optimal lighting solutions
for a much large lighting system (such as buildings and outdoor spaces), to maximise energy
saving and user needs. Supported by adequate sensors, algorithms and software systems an
efficient and smart lighting control system will enable important energy saving in the private,
industrial and public domains, and be able to be integrated with other systems and
environments.

e Intelligent drive control: Technology, components and miniaturized (sub) systems will be
developed addressing the challenges at system and device level for highly efficient controlled
engines and electrical actuation in industrial applications. The need for R&D includes new
systems architectures and circuit designs; new components and power electronic
technologies; innovative module, interconnect and assembly.

e Efficient (“in-situ”) power supplies and power management solutions:
They will be supported by an efficient voltage conversion and an ultra-low
power stand-by. The need for R&D includes new systems architectures and
innovative circuit and package design concepts and specific driver ICs and
power components for lighting and industrial equipments. Examples for the
application of highly efficient “in-situ” power supplies are portable
computers and mobile phones and stand-by switches for TV, recorders and
computers.
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e Medical applications: They will show very good energy efficiency - guaranteeing a long
lifetime and low weight for the portable units. Improved energy management is also key for
cost-effective imaging systems in medicine.

VMS, Part c, chapter 3.6:

3.6 Synergies with Other Domains

There are many synergies with “Automotive and Transport” (Drive Control), with
“Communications” (Smart Grid and Mobile Applications), with “Equipment, Materials and
Manufacturing” and “Design” (Design and production of specific components for energy
saving applications), “Healthcare” (Mobile Applications)

VMS, Part c, chapter 4.3:

4.3 Grand Challenges

The overwhelming societal challenge of keeping the cost of Healthcare and the Aging Society
manageable can be split in three grand challenges:
1. Prevent institutionalization of elderly, impaired and sick people: “Home
Healthcare”;
2. Reduce time and cost of hospitalization: “Hospital Healthcare”;
3. Increase the speed of pharmaceutical development and body fluid sample
analysis: “Heuristic Healthcare”.

These challenges are shown in Figure 1, which also visualizes the trend towards people
centric healthcare. The key requirements per grand challenge are shown in Table 1.

Home
Healthcare

Z
.(' Heuristic

/" Healthcare

Hospital
Healthcare

Figure 1 The three grand challenges for patient centric health in the aging society

Home Healthcare Hospital Healthcare | Heuristic Healthcare
Low-cost X X
Accurate X X
Efficient X X
Easy-to-use X X

Table 1 Key requirements for the Grand Challenges
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4.3.1 Grand Challenge 1 “Home Healthcare”

Description:

Highest quality of life and lowest cost for society are obtained if elderly, impaired and ill
people can fully function, independently from human support, in society without being
institutionalized (“Independent living”). Electronics will assist people with limited mobility,
sight or hearing abilities and with limited cognitive abilities, like elderly people suffering
from dementia or people with mental health issues. Next to wellness at home, home care and
home treatment will be an essential part of modern, integrated and patient-centric healthcare.
Instead of a traveling patient, his data will travel on a secure basis and full attention by
healthcare services is guaranteed (Figure 2).

JOHN DOE’s Personal Healthcare Dashboard:
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Figure 2 Continuous tracking of important patient health parameters

Competitive Situation:

The primary driver for a health related monitoring of vital signs is the demographic change,
due to the increased prevalence of chronic diseases in an aging society. A study published in
2008 estimates the number of potential end-users of telecare solutions aged 65+ for the year
2020 in the 25 countries of the EU as ranging between 3 and over 15 million, depending on the
development of the market penetration.

ICT-based therapy for mental health management improves healthcare productivity and
access to care as it provides therapy with 80% savings in therapist time compared to
conventional therapy (Marks & Cavanagh, 2009). As mental health problems are largely
under-diagnosed (Katon, 2003) and few are able to obtain expert consultation, there is a clear
need for improvements.

If only we consider the people suffering from chronic conditions, which should maintain a
healthy life and monitor continuously their condition, the market size is huge. Accounting for
59% of the 57 million deaths annually and 46% of the global burden of disease, chronic
diseases are the major cause of death and disability in Europe and worldwide. As the
population is ageing, the number of people suffering from one and, very often, multiple
chronic conditions increases. This poses an increasing burden on health care and social
service systems and affects the quality of life by inducing both physical disabilities with
frequent hospitalizations and social impairment.
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As a result of the enormous economical impact that the increasingly ageing population will
have in Europe and the rest of the world in the next decades, there is a potentially growing
world-wide market in the area of Independent Living services and ICT for healthcare.

Expected achievements / innovation foreseen:

The introduction of Remote Sensing applications into the Public Health systems will
contribute to the workload reduction and diminished waiting lists thanks to its improved
features: rapid parameter analysis, multiple analyses assessment and ICT-related features.
This fact will bring to physicians (anytime, anywhere) more information than current and
dispersed analytical equipments about their patients. As a consequence, improved
monitoring and diagnosing practices will be established. Therefore, patients will be more
confident with public health systems due to several factors:

a. Individualized information on his/her disease progress

b. Reduced time to treatment and disease-oriented decision making

c. Optimized health resources and government taxes employed.

Of course this requires the development of cheap screening solutions for early diagnostics,
biosensors and cheap mobile monitoring of biologic samples and parameters (“The doctor in
your pocket”), as indicated in “Heuristic Healthcare”. One of the ways this can be done
efficiently is to integrate the tests into a mobile phone application linking to a patient centric
database. Testing in real time individual response to drugs will help to tune the therapeutic
protocol and reduce side effects in conjunction with telemedicine for a better patient
coaching.

These Remote Observations systems also include fall prevention and fall detection electronics
for the elderly and impaired. For people with limited mobility, sight or hearing abilities
electronic assistants will be developed. In general the wellness of the elderly and impaired
will be increased.

Smart devices will also help to monitor the healing process (e.g. e-Inhalers for rapid and
accurate dosage of drugs, also using smart band-aid with impedance changes for wound
healing). In the same way smart automated drug-delivery systems, based on MEMS actuators
coupled with low power control logic and energy scavenging, will help to apply therapy
where and when it is needed.

The efficient use of health technology embraces several key areas in every country health
system. From the social perspective, it influences to the informal care-givers or family
caregivers which can be overloaded due to its emotional link and for its lack of health
specialization. From the economical side, this initiative permits health care attention at home
which discharges assistential pressure at the hospitals as well as it improves the satisfaction
of older persons to increase the degree of “independent living”, even in cases of dependency
on long-term care. Finally, the remote supervision keeps track of key clinical parameters close
to real-time providing the basis for decision making and even, if necessary, immediate
intervention. For the latter fast localization will be implemented.

4.3.2 Grand Challenge 2 “Hospital Healthcare”
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Description:

Hospital effectiveness can be increased by early and improved diagnostics. Efficiency can be
increased with targeted therapy, where image diagnostics is combined with therapy in Image
Guided Intervention Therapy (IGIT), see Figure 3 for an impression.

Figure 3 Research setup for interactive and interventional procedures

Competitive Situation:

The global market for medical imaging (diagnostic and interventional imaging) is estimated
to be 20.1 B$. (2007 TriMark study). The European market is about a quarter of this total and
the US market almost half. The medical imaging market records solid growth percentages.
Depending on the modality, the average compound annual growth rate (CAGR) is about 4%
(for interventional imaging this is 8%). There a few specific areas where growth is markedly
higher than average:

o Image-based software applications that support intervention processes in healthcare.
To illustrate these growth opportunities:

o The European market for 3D/4D imaging software has a CAGR of 14% from 2004-
2014

o The global market of CDSS (Clinical Decision Support Systems) grows from 159 M€
to 289 M€ during 2006-2012 (Frost & Sullivan)

o The integration of medical imaging with delivery systems (e.g. robotics) and therapy

devices. This trend alone creates an entire new market space for IGIT procedure solutions.
Ultimately this market will unify the market of interventional imaging, delivery systems and
devices and therapy solutions. It is expected to be 10 times the size of the interventional
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imaging market today and it also enjoys higher growth figures and gross margins (based on
US market data).

The global competitive players in the medical imaging industry providing both hardware and
software are General Electric (GE) Healthcare (US based), Philips Healthcare, Siemens
Healthcare (both Europe based) and Toshiba Medical Systems (Asia based). Emerging are
Chinese suppliers, which now focus on the local market, but can be expect to expand
internationally in the future. The market shows also innovative technologies developed by
companies focused on specific segments such as EEG and represented by Nihon Kohden in
Japan and GTech in Europe.

Expected achievements / innovation foreseen:

Improved and combined image detectors lead to efficient, more precise and earlier detection
of diseases. These improvements incorporate increasing the resolution, supporting larger data
rates, and being more precise in the properties of the signals that are detected. In addition, the
detection of other kinds of signals can lead to earlier detection of symptoms, and/or reduce
the harm to the patient. In this context, more precise and earlier detection also allow for
significant dose reduction for a patient. For screening purposes, imaging systems without
radiation have to become cheaper, faster and more accurate.

More targeted therapy will be achieved by combining imaging with therapy. Image guided
intervention will help in medical diagnosis, planning and treatment of patients by minimally
invasive placement of diagnostic and therapeutic devices such as catheters, stents, but also
heart valves inside the human body, enabled by medical image analysis and navigation
methods. Testing in real time individual response to drugs will help to tune the therapeutic
protocol and reduce side effects in conjunction with telemedicine for a better patient
coaching. Specific techniques like deep brain stimulation and neuronal communication will
particularly benefit from miniaturization of control logic and real-time patient specific
protocols.

Localisation techniques support the freedom of to be supervised persons and the
management in large hospitals in knowing where the nearest experts and expensive
equipment is located.

4.3.3 Grand Challenge 3 “Heuristic Healthcare”

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.

VMS, Part c, chapter 4.6:

4.6 Synergies with Other Domains

From this work area on “Healthcare and the Aging Society” there are possible synergies with:
. “Automotive and transport” as car safety can be improved by enabling wellness
applications in an automotive environment (such as a sensor network that can monitor the

driver’s vital signs and act accordingly). Also, imaging systems can benefit from new power
electronic devices developed for electrical and hybrid vehicles;

. “Communication and Digital Lifestyle” as the availability of cheap and wireless
communication links can be essential in the realization of home patient monitoring and for
improvements in advanced imaging systems for screening. Additionally, there can be
synergy on the technology for LTE terminals to support safety on the road and safety at
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home. Additionally, exchange of high resolution life images and data may require optical
broadband access technologies.

. “Energy Efficiency” as low-power techniques can be essential for monitoring systems
that use portable or on-body devices, and new materials, devices and equipment for solar
energy conversion can be beneficial to develop new radiation conversion detectors and
efficient power converters for imaging systems;

. ”Design Technologies” as integration of heterogeneous technologies, low levels of
acceptable energy consumption and high levels of reliability are required for the complex
heterogeneous systems for Healthcare applications;

. “Silicon process and integration” and “Equipment materials and manufacturing” to
create the best solution as a More than Moore spearhead for low-cost cartridges and
platforms for microfluidics and gas sensors to monitor the body and environment

. “Safety and Security” as drug deliveries and operation become automated intrinsic
safety has to be guaranteed. The large amount of patient (and non-patient) data has to be
collected, transmitted and stored securely. Privacy needs to be supported.
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Figure 4 Source: www.seppo.net/e

VMS, Part c, chapter 5.3:

5.3 Grand Challenges

5.3.1 Grand Challenge 1 “Consumer and Citizens
Security”

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.
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5.3.2 Grand Challenge 2 “Securing the European
challenging Applications”

Vision: Take advantage of European leadership and expertise in electronic
security to define, develop and implement the needed security in European

new challenging application domains and stay ahead of world competition.

Description:

In all new fields of application, electronic control and data exchange show an
obvious need for more security. Protection like simple guarantee that
software program integrity is preserved during product life, solid mutual
authentication of communicating parties, data confidentiality are key targets.
What ever the application domains, similar concerns are appearing, but the
overall definition and implementation may change significantly according to
the ecosystems, regulatory environment (may be very different in transport
and health care...) and targeted cost and budgets.

Energy Efficiency and smart energy grids

In that field, key application will be the definition and use of the smart grid system so that
the overall distribution network is managed and protected from undue external control.
Liked with that customer usage profile data collection, distribution and usage has to be
severely protected in order to protect privacy, avoid massive fraud. Remote control by
users or by the overall management systems has to show resilience to many threats or
associated risks covering security (wrong access, billing fraud...) but also safety (people at
risk if home equipments are incorrectly driven either by fraud or failure). Energy networks
are also a matter of critical infrastructure (the prosperity and existence of our communities
depend on them at a large scale); they need protection against foreign emissaries as well as
natural system deficits due to e.g. design and software errors.

Health & Ageing Society

Keeping elderly or dependant people at home, or minimizing the level of
institutionalization will require permanent monitoring of activity, vital functions and others
useful parameters.

Collecting this information, communicating and filtering the contents will require highly
trusted chain of systems with fully dependable electronics and strong data protection.
When life sustaining equipments are to be used control (local or remote) of such equipment
will be highly critical and the highest level of security has to be achieved. In that domain
the ecosystem include both medical professional and insurances (either private or public).
They will be key in defining the proper requirements and setting budgets, but European,
nation or even local regulation may contribute to solution definition.

Automotive & Transport

In transportation — automotive, city transportation, railways and airplanes - safety is
critical. Security now combines with trust and safety requirements. System integrity and
traceability are also mandatory. The increasing mobility and traffic require more safety in
traffic. Electronics are the enabling technologies to develop smooth access control when
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traveling, more safety in traffic and co-operative Traffic Management. New and increased
use of protective technologies is necessary to protect todays complex systems against bad
internal and external influences and errors. New DSM technologies bring new technical
challenges, such in signal integrity, reliability, trust and safety/security compliance.

Communication

A new security paradigm is requested by more and more communicating applications,
more mobile users and more distributed data. Thus securing services or data and providing
proper protection evidences is becoming increasingly important and difficult in advanced,
open wireless and fully mobile devices. End-users, OEMs, ISVs, content owners, service
providers and operators have different, sometimes diverging needs and should have
differentiated privileges towards terminal resources. Robust stakeholders’ segregation,
security policy enforcement and mutual assets isolation is a challenge in increasingly open
“computing” devices exposed and vulnerable to everyday new malware, software and
hardware attacks. Increasing interoperability, trust and flexibility requirements are
bringing standardization and security evaluation challenges. Finally the ever-increasing
security complexity should remain transparent to the end-user, which is stressing the
security performance and efficiency dimensions.

Other leading applications
Other new applications for trusted Future Internet, new e-Payment, e-ID ... are also
developed at European level. Security is a core technology for these applications.

Competitive Situation:

Europe has always been a leader in developing new large applications at European level,
based on their industrial OEM and system industries such in automotive, energy
management, transportation, health, and security. However new applications such as security
and smart energy grid have shown early initiatives and starts in US and Asia in the same
growth or even faster than in Europe. However the involved industries start recognizing the
absolute need for trust and security, which is an opportunity to be developed by European
actors if we are fast enough.

Expected achievements / innovation foreseen:
e Identity and secure authentication as part of new applications

e Trusted execution and trusted computing for embedded systems and complex netted
information and computing systems

e Validation, verification and proof of safe and secure devices

e Tagging and tracking goods, Counterfeiting protection techniques

e Secure execution, management, personal privacy in new European wide applications.

5.3.3 Grand Challenge 3 “Enabling Technologies for
Trust, Security and Safety”

This Grand Challenge has not been selected for 2011 projects. The interested reader is
referred to the VMS document to read about the content of this Grand Challenge.

VMS, Part c, chapter 5.6:
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5.6 Synergies with Other Domains

Safety and security domain is transversal to all application domains and the related

technologies need to be developed together with the semiconductor process and integration
and design technology domains.

VMS, Part c, chapter 6.3:

6.3 Grand Challenges
6.3.1 Grand Challenge 1 “Managing complexity”

Description:

“Managing Complexity” aims at developing solution for managing the design of complex
chips including billion of transistors and different types of I.P.’s, coming from different
sources, with a large software component.

The trend towards the integration of more and more complex systems on chip or in package,
made possible by the Moore’s Law is becoming the main challenge for design, both in terms
of system complexity related to the integration on chip of different logic functions (logic,
multi-core processors, memories, dedicated functions) and in terms of silicon complexity,
related to parasitic effects and variability in advanced CMOS. The insertion of programmable
component to increase flexibility is adding a further level of complexity, introducing
embedded software, and hardware-dependent software components as critical elements of
design.

Architectural level design, and the possibility to evaluate different options and make choices
at the highest level of abstraction, is becoming a critical issue in defining the performances of
the final device. Since several large I.P.’s are required to compose the system, the possibility
of L.P. reuse plays and the definition of open standards also play an important role in overall
design cost and time.

Competitive Situation:
Large EDA companies are providing standard tools essentially for logic synthesis and layout
optimization. Higher design levels are not well covered even if some initiatives exist to try to
move design at higher abstraction levels:
The most critical issues to be covered are:
e Capture and verification of specifications;
¢ Tools and methodologies to handle multi-core design, taking into account both
hardware and software and operating systems;
e Tools to verify hardware dependent software;
e Standard languages for high level design;
e Open standards for L.P. exchange and interfacing;
e Tools and flows to interface design cores coming from different sources and to handle
communications among them;
e Tools and model to perform basic design evaluation for performances and power
dissipation at the highest abstraction levels.

Expected achievements / innovation foreseen:
The main achievement that the projects should target is the establishment of a standard
language for the high level design. A non-exhaustive list of required innovation is:

e Standardized description language;

e Flows and tools for model generation at high abstraction levels;
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e Tools able to handle at the same level hardware and software;

e Tools for the formal verification of the design at different abstraction levels;
e Tools for generating interfaces among heterogeneous IPs.

e establish an OPEN standard ecosystem

6.3.2 Grand Challenge 2 “Managing Diversity”

Description:
“Managing diversity” aims at the development of design technologies to enable the design of
complex system-in-package incorporating heterogeneous devices and functions.

The drive towards higher integration levels for semiconductor components, coming from
considerations of cost, form-factor, connection speed/overhead, and reliability, has pushed
towards the tighter integration also of heterogeneous non-logic functions, like power,
communication (RF or optical) and sensors. System integration in package and 3D stacking of
different devices are becoming mandatory to achieve the desired targets in terms of size and
performances and to interface non-logic functions to data processing devices, when cost and
reliability considerations limit the full integration of heterogeneous functions on a single chip,
even if technically feasible. The total combination must be designed as a single system and
tools and methodology are lacking. At the moment three main challenges exist:

e Standardized modelling tools also for non-logic components compatible with the
design of the system at higher abstraction levels;

e Anintegrated design environments for PCB, package and chip design;

e Tools take into account parasitic effects like heat generation and propagation, related
to the close proximity of components in the package and an efficient A/MS simulation
capability on the large scale.

Competitive Situation:

At the moment major EDA companies are focusing mainly on tools and design flows for logic
devices, which make up 75% of the world market. Specific tools exist for board design and
package design, but they are not integrated with chip design, and nothing is available for
System-in-Package integrated design. Support for non purely logical functions is also poor
and limited to RF design and analogue/mixed mode design, with severe limitations for
complex devices. Big companies normally use in-house developed partial solutions, which
present standardization and support problems. The most important bottlenecks are:

e missing standards for bare-die-IP (e.g. interfaces electrical and
mechanical)

e models of bare die IP and their integration into system simulation

e 3D floor-planning, place and route

e 3D-parasitic extraction methods (concerning stacked dies and/or bond
wires)

e standardized design rule description (3D) on package level (enabling
die and package DRC)

e test approaches on die and system level, especially for analogue and
RF, with links to testing equipment.
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The lack of a 3D design-flow for heterogeneous applications prevents the
broad application of SiP and stacking technologies in domains as e.g. medical
and automation.

Expected achievements / innovation foreseen:

A non-exhaustive list of expected achievements is:

e Initiation of standardization process for bare die I.P.’s;

e EDA compatible design kits for sensors, actuators and other heterogeneous system
components;

e Creation of models for non-electrical components and interfaces for
SiP design;

e Creation of intermediate, digital/mixed analog and RF levels of
abstraction for EDA improvement and making most use of existing
levels for verification, validation, testability and repair.

e Development of a platform that enables the delivery of reusable IP for
microsystems and other heterogeneous systems and is compatible to
existing EDA environments;

e Creation of a design flow for Heterogeneous functions;

e Technologies for chip, package and board co-design with multi-scale
simulation tools.

e Technologies for implementation of heterogeneous SiP and 3D-stacks
(38D parasitic extraction, 3D-DRC)

e Testing approaches for non-logic functions.

o Test strategy for SiP’ and 3D integration, considering also the interface
to testing equipment.

6.3.3 Grand Challenge 3 “Design for Reliability and
Yield”

Description:

“Design for Reliability and Yield” aims at the development of design technologies to
compensate the effect of parameter variability, parasitics and aging effect on yield and
reliability of semiconductor devices.

Following CMOS scaling to deep submicron regions, intrinsic device reliability of transistors
cannot be any longer guaranteed due to the increase in electric fields and local power
densities, and the large number of elements. At the same time critical applications in the field
of Automotive and Aerospace, Security and Health require very high levels of reliability,
often for limited production volumes. Yield, which is determined by the device functionality
at time zero over the entire range of application and reliability, which is understood as the
extrapolation of this functionality over lifetime, are becoming closely related and cannot be
any longer guaranteed by process and design only. Testability, yield and reliability must be
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inserted by design, starting from the architectural level, and going down to cover parameter
spread in the line and parasitic and reliability effects at device level. Therefore models and
procedures are required to migrate reliability modelling from transistor level up to
system/architectural level.

Competitive Situation:

At the moment variability in circuit design is handled mainly with Monte Carlo simulations,
which are quite expensive and extremely time consuming, and some first approaches to
include reliability and variability in compact models. Further progress is needed in moving to
compact model-based simulation flows and to cover analogue and mixed-signal circuits in
the presence of parametric degradations are directly influencing the performance of the block.
Tools and flows should cover the interactions among components (EMC, thermal
management) and allow interfacing reliability issues among the blocks that form the complete
system. New design approaches must be developed to increase and verify device testability,
also for non-logic functions, interfacing testing equipment.

Europe is quite innovative in the Design Technology and EDA area. CATRENE released in
2009 a new version of the EDA roadmap, which is internationally recognised. The
innovations often are coming out of IDM companies and from SMEs. Some of these EDA
companies have achieved unique breakthroughs. They are focussing on supplementary
solutions to large EDA tools in the area of design support in face of varying parameters,
changing technologies, and parasitic effects. More approaches are available throughout
Europe in academia, which are not covered by the mainstream tools from the big USA based
EDA companies. These efforts should be strengthened in order to meet the special European
needs (heterogeneous system integration and safety relevant applications) and to keep some
independence of the large mainly US-based EDA companies.

Expected achievements / innovation foreseen:
A non-exhaustive list of main expected achievements:
e Methods to extract independent, uniform distributions out of device characterization
data for e.g. Monte Carlo simulations;
e Faster simulations to handle complex circuits and large number of influencing
parameters as well as methods to handle non-uniform distributions;
e Methods to transfer variability and reliability information over different levels of
abstraction;
e Tools and flows to handle simultaneously in the design optimization both process
variability and lifetime related parametric degradation;
e Design and testing approaches for failure detection, localisation and repair during
application (and tools to verify them);
e Design and testing tools for fast and efficient yield learning

VMS, Part c, chapter 6.6:

6.6 Synergies with Other Domains

Possible synergy areas with other priorities are (not exhaustive):

- Design for Safety and Reliability with application projects in “Automotive and Transport”
and “Health and Aging Society”.

- Design for complexity includes tools for reducing power dissipation, which is essential for
“Communications” and Health and Aging Society”
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- Design for diversity includes sensor integration 3D and SiP design, essential for
“Communications”, “Automotive and Transport” and “Health anf Aging Society”

- Failure analysis and reliability procedures related to high temperature, high current/voltage
operation will also be an issue for Sub-programme: “Automotive and Transport” and

“Energy Efficiency”

- TCAD and modelling of device reliability and variability will be synergic to “Silicon
Processes and Integration”

- Design for diversity implies strong cooperation with “equipment, Materials and
manufacturing” especially on package modelling.

- Testing development, especially for 3D and heterogeneous components requires synergy
with testing equipment development.

VMS, Part c, chapter 7.3:

7.3 Grand Challenges

7.3.1 Grand Challenge 1 “Know-how on Advanced
and Emerging Semiconductor Processes”

Vision: Develop a European know-how on semiconductor process

technologies for mastering future applications.

Description:

Mastering in advance the knowledge of emerging semiconductor processes is

a key asset for developing new products with the right time-to-market.

This is especially true for advanced CMOS process where the pace of

progress is staggering. Considering that:

- a technology push in advanced CMOS enables and drives high

value-added applications

- there is a need to maintain R&D and expertise in Europe to specify

and access the latest CMOS and memory technologies

- a critical size is obtained at the European level through the

cooperation of the few leading excellence clusters in Europe
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- in US and Asia there is a strong involvement of PA’s for supporting

this industry

it is appropriate to propose a major Europe-wide public initiative on core
CMOS technologies in support of a more comprehensive European industrial
policy targeting microelectronics. The technical program should be in line

with the pace of the technology generations expressed by the ITRS.

Though the process development is mostly independent of the wafer size, the
historical trend towards using wafers of larger diameters for cost efficiency
should be acknowledged. Though the transition in wafer size is mainly
equipment and material related (and thus included in the “Equipment materials
and manufacturing” chapter) it is important to leverage the enhanced capability
of the semiconductor processes on larger diameter wafers. More specifically
many differentiated technologies are presently produced on 150mm to
200mm: a transition to 200 / 300mm wafers should enable new process
integration schemes through more capable equipments. For leading-edge

CMOS technologies a transition to 450mm should be taken into account.

A key capability for acquiring advanced knowledge is the availability of
leading expertise in characterization, modelling and simulation of state-of-
the-art semiconductor technologies and devices. This should be addressed not
only for advanced CMOS but also for differentiated processes where added

challenges appear like multiphysics, multiscale approaches.

Competitive Situation:

In the advanced CMOS domain major changes are taking place worldwide
and were accelerated by the economical crisis. For Europe it is characterized
by opportunities which need to be capitalized upon and trends which should
be addressed to benefit to Europe:

- early research in this area is increasingly done in a multi-partner, consortia-level
structure, because of cost and risk considerations (IMEC, Albany...). In addition, owing to the
cost of developing the latest CMOS generation, some European companies which preserve in-
house manufacturing capability in advanced CMOS execute the early R&D for these CMOS
generations in clusters, such as the IBM cluster (one of the few major consortia worldwide
developing the full CMOS process by gathering many US and non-US partners together). Still
the preindustrial development and qualification are made in their European facilities: there is
thus a need to support the CMOS R&D in Europe for accelerating the technology appropriation in
Europe
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- some European companies are going fablite or fabless: for them there is a need to
understand the next generation CMOS in order to specify according to their needs the technology
nodes which will be implemented in foundries

- while most of the foundries of advanced CMOS are presently located in Asia one
observes the emergence of a state-of-the-art Western foundry producing in Europe: there is a
new opportunity for Europe to compete with Asia in the foundry business

- at each new technology generation there is a risk that more production moves outside of
Europe: it is thus important to enhance the CMOS pool of expertises to attract more semiconductor
production activities in Europe

- best in class R&D centres are present in Europe which don’t exist elsewhere in the
world: there is a need to maintain the viability and expertise of these R&D centres

- in geographical terms and contrary to other nanoelectronic technology fields (see below)
there are few leading regions / clusters in Europe where advanced CMOS technologies are
developed. Owing to the cost and time needed to establish such excellence clusters, European
programs and calls should acknowledge this situation and encourage projects to form around the
few excellence regions to benefit from the critical mass of expertise. At the same time it should be a
clear channel to link with and benefit from the smaller research providers especially for
exploring disruptive concepts. These clusters will thus induce an efficient spill-over effect

benefiting the other European regions.
Characterization, modelling and simulation are a stronghold especially of

the European research organization. Commercial activities*s are less

developed in Europe.

Expected achievements / innovation foreseen:

Innovations in electronics-enhanced systems and applications are enabled by

advanced knowledge in technologies.

A strong European R&D program on advanced CMOS is a prerequisite to
specify and access the latest technologies and thus secure further growth in
European lead markets. Supporting this major program will allow staying
state-of-the-art> and having a prescription power in the development of
miniaturized technologies. It will allow creating value through differentiation
in specific process steps and building blocks (see below) whose integration
into a CMOS platform requires needs an in-depth knowledge of the

development of the MOS transistors. More specifically funded programs

* We are not considering here the equipment industry which is addressed in the relevant
chapter.

® GlobalFoundries and STMicroelectronics announced the availability of a 28nm process in
the late 2010, showing that fabs operating in Europe have the potential to stay in the leading
pack.
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should demonstrate advanced CMOS prototyping in line with or ahead of the
ITRS roadmap (e.g. 12nm logic CMOS in 2016 or earlier, see Table below).

Equally important one should ensure that no research gap builds up between
the shorter term projects considered in this document and the more disruptive
approaches explored in the “classical” FP projects or other programs. A clear
process should be set up to connect with the outputs of these programs such
that we can extrapolate from the best projects in stretching “Moore’s Law”
while preparing a path to the “beyond CMOS” era. More specifically process
modules applicable to the next two CMOS generation (i.e. modules for 10 and
8nm logic CMOS in 2016, see Table xx) should be demonstrated as an

outcome of the funded projects.

Table: CMOS logic “nodes” according to the ITRS

2012 2016 2020
CMOS prototyping 22 nm 12 nm 10 nm
CMOS process 18 nm 10 nm 8 nm
modules 12 nm 8 nm 6—7nm

Programs in characterization, modelling and simulation should lead to a
worldwide recognized leadership of the European R&D players. More
specifically some of the techniques developed through funded projects should

become strong candidate for (de facto) standards®.

7.3.2 Grand Challenge 2 “Competitiveness through
Semiconductor Process Differentiation”

Vision: Develop European competitiveness through semiconductor process
differentiation permitting different European business models and supply

chains to succeed.

Description:
Advanced memories are critical components in most systems
(communication, automotive, consumer...). There is an opportunity for

Europe to take the leadership in disruptive technology approaches bringing

® As an example the present compact model chosen by the Compact Model Council was
partially developed by Europe.
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differentiation with respect to the mainstream technologies (Flash and
DRAM). Technology - system co-development is another way to bring
differentiation in taking into consideration the technology impact of system

constraints (e.g. system bandwidth, power / energy consumption, etc.

It is not by chance that the ITRS didn’t formalize a full-blown roadmap on
differentiating technologies (dubbed as “More than Moore” technologies)
which includes all the non-digital components of an electronic system. In
contrast to the development of generic digital CMOS and memories, these
technologies are much diversified and represent a strategic field for Europe.
Their performance metrics are multifold, they are often driven by dedicated
application domains and the target markets operate through different
business models and supply chains. It is thus more difficult to give a simple
and unified view of the many and often disruptive technologies which are

likely to enable new applications and markets.

Most of these technologies are strongly linked to a given application which
drives their development: those technologies will be addressed in the relevant
application chapters of this document. Here will only be considered

technologies:

- generic enough to leverage the high development cost and time on a broad range of
applications

- prone to European cooperation among R&D players

- not enough supported in the “classical” Framework Programme

Following these guidelines this chapter suggests to promote a pan-European

effort on generic technologies in the following (non-exhaustive) fields:

- enhanced process genericity for sensors and actuators

- analogue / mixed signal technologies (e.g. BICMOS)

- rf devices (including passives, rf interfaces, antennas, tunable filters...)

- possibly power / high voltage devices and smart power though most of the projects are
likely to fit within the “Energy efficiency” and “Automotive and transport” chapters

- and mixed technologies integrating e.g. analogue / mixed signal with rf and/or power

Competitive Situation:

The industrial landscape on advanced memories is evolving fast. It stands for
25% of overall semiconductor market, almost equally divided between DRAM
and Flash and there is a strong trend for consolidation. Stand-alone DRAM
industrial R&D disappeared from Europe, but innovative NVM companies

are active in Europe. Furthermore embedded memories are critical parts in a
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CMOS chip. Finally Europe has significant assets in this field through world-

class R&D centres which don’t exist elsewhere in the world.
Europe has key competitive advantages in differentiating technologies:

- there is a historical synergy in Europe between system / application

companies and component suppliers (incl. SME’s)

- a strong R&D and manufacturing base exist and is widely distributed all

over Europe

Expected achievements / innovation foreseen:

For memories, European industry can profit from the presence in Europe of
major application drivers (smart cards, automotive, medical), and from an
existing large competence base to further extend its market position,
especially through new technologies (e.g. PCM, RRAM) and architectures
(e.g. 3D stacking). The funded projects should demonstrate the industrial
viability of the disruptive approaches.

By setting worldwide the pace of R&D in differentiating technologies,
Europe can expect the same benefit as US (and recently Asia) did in aligning
the world R&D efforts in the digital technology domain. By developing
industrial differentiating technologies all over Europe and by maintaining the
synergy between technology and applications one can expect to develop
further existing and new markets. The applicability of the developed
technologies to a wide set of applications should be one of the results of the

funded projects.

7.3.3 Grand Challenge 3 “Opportunities in System-in
Package”

Vision: develop a European SiP supply chain for innovative systems
integrating advanced CMOS and European differentiating technologies
through 3D and heterogeneous integration.

Description:

Integrated complex systems need more and more to combine high performance computing
and information storage with dedicated devices for interfaces and energy / power in a single
package. While integrating on a single chip different technologies (the so-called “System-on-
Chip” or SoC approach) can be useful in some applications, in other cases SoC doesn’t bring
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any competitive advantage in terms of cost and size (e.g. integrating in a single die advanced
CMOS having a high cost / mm? with large area sensors). Furthermore integrating
heterogeneous part gives an added degree of flexibility in bringing in time new system
solutions to the market and in adapting to evolving standards.

Considering the complex interplay between IDM, fables companies and
foundries, it is expected that for a given system solution components will be
supplied from many sources, part of them outside of Europe, enhancing the
need to find cost effective solutions to integrate heterogeneous technologies in

a single package.

In order to develop generic processes and 3D / SiP” standards applicable to
many applications domains, Europe should address many technologies in a

holistic approach, including:
- methodology and tools system-level co-design®

- advanced substrates (incl. embedded devices technologies, innovative
antennas, printable wiring also on organic substrates, thick copper power

lines, etc.)

wafer-level integration

- module integration

- 3D integration (incl. TSV, thin wafer technologies, bonding, etc.)

- interconnection (electrical, rf and/or optical) & interposers

- assembly & packaging (incl. wafer dicing and encapsulation technologies)

- characterization and modelling (rf, optical, mechanical...depending on the
application)
- test (incl. KGD)

- thermal management

- signal integrity, EMC and reliability

Competitive Situation:
There is a clear opportunity for Europe to develop a European SiP supply chain and take a
significant leadership worldwide:

- the supply chain of 3D/SiP is not firmly established yet worldwide

’ 3D means three-dimensional integration of electronics components. SiP stands for “System-
in-Package”.
® addressed in the chapter on “Design, methods and tools”
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- standards for SiP are underdeveloped

- there is a historical synergy in Europe between system / application
companies and technology suppliers (incl. SME’s). As the technological
solutions for heterogeneous integration will be driven by classes of
applications a strong interaction between technology development and

application domains is mandatory

- there are leading R&D centres in Europe

Expected achievements / innovation foreseen:

3D/SiP heterogeneous integration is expected to act as a key differentiating
factor of complex integrated systems: in mastering its supply chain Europe

secure its future in many application domains.

Classical assembly and packaging has moved mostly to the Far-East.
Innovative technologies for complex packages are partly derived from IC
manufacturing techniques and could benefit from the geographical proximity
of R&D competence centres in SiP and from IC manufacturing lines: there is
an opportunity for Europe to relocate part of the worldwide “back-end”
supply chain by setting its leadership in the heterogeneous integration of

complex systems.

VMS, Part c, chapter 7.6:

7.6 Synergies with Other Domains

Addressing generic technologies this chapter is synergetic to the application-
driven chapters (“Automotive and transport”; “Wireless communications”;

“Energy efficiency”; “Health and aging society”; “Safety and security”) in enabling

innovative systems and applications.

Semiconductor process development and integration rely critically on the
availability of equipments and materials. It is also fully consistent with the
development of a competitive European manufacturing. As such it interacts

strongly with the chapter on “Equipment, materials and manufacturing”.

Interaction between design and technology is more and more central for
successful products. Characterization, modelling and simulation are classical
interfaces between the two domains, but growing interaction is expected
between this chapter (especially in differentiating technologies and

heterogeneous integration) and the “Design methods and tools” chapter.
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VMS, Part c, chapter 8.3:

8.3 Grand Challenges

8.3.1 Grand Challenge 1 “Advanced CMOS - 1X nm &
450mm”

Description:
This Grand Challenge targets to find new E&M solutions for advanced CMOS that shall
enable (i) the nano-structuring of electronic devices with 1X nm resolution in high-volume

manufacturing, and in fast prototyping, and (ii) to set common standards and strategies for
450mm E&M. The overarching goal of 1Xnm is to lead the world in shrinking by providing
nano-structuring equipment ~2y ahead of the corresponding volume production as scheduled
by the ITRS roadmap. Accordingly, research and development is needed to facilitate
innovations among others in:

e lithography systems, in particular EUV technology for high-volume manufacturing
including tools, optics, and source; as well as NGL technologies including e.g. e-beam
and maskless lithography;

e mask technology including infrastructure, metrology, CoO issues, holistic
optimization sustaining multiple mask technologies (Immersion, EUV, Mix&Match);

e infrastructure for the new nano-structuring technologies including e.g. materials,
wafer, resist, and cleaning;

e metrology including e.g. mask & wafer inspection tools, litho metrology, and data
handling;

e yield aspects in e.g. manufacturing science, defect engineering, test, and CAD;

¢ 300mm equipment & materials;

e nanometer process development including thin film deposition, and ALD processing,
specific enabling materials such as copper sources, ALD precursors as well as specific
etching and cleaning gases;

e wafer preparation: equipment and processes for polishing, cleaning, wafer thinning
and laser marking; and finally

e materials as e.g. substrate materials, chemicals, gases and precursors for next
generation processes.

e The overarching goal in 450mm is to create the ability to have European competitive
450mm E&M available when needed by the market. Accordingly, research and
development is needed to facilitate innovations as for example in

e open platform technologies, including automation, handling, software, interfaces
(hardware and software) and standards;

e SOI;

e substrates, materials, and facilities ; as well as

e process and metrology equipment.

Competitive Situation:

In E&M for advanced CMOS — 1Xnm and 450mm, Europe has a world leading position in
several areas, foremost in lithography, metrology and silicon substrates. The annual market
size for 1Xnm is according to ASML at least 5 b€ where EUV lithography alone addresses a
large market with an estimated annual volume of ~3 B€ in 2015. The substantial markets for
metrology, EUV infrastructure and complementary 1Xnm patterning technologies are
additional.
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Also for 450mm a potential multi B€ annual market size can be expected as 450mm E&M may
become a dominant segment in the world wide E&M market indicated in Figure 2. Forefront
R&D for 450mm creates new opportunities to increase the European market share in this
competitive domain.

Expected achievements / innovation foreseen:

The key achievements targeted in E&M for Advanced CMOS is to lead the world in shrinking
~2y ahead of ITRS volume production schedule, and to provide competitive 450mm E&M
when needed by the market. In a timeframe of five years, European lithography systems shall
provide solutions for 1Xnm patterning in high-yield, high-volume manufacturing, and the
corresponding mask technology, processes and process control, infrastructure and metrology
tools. Furthermore, first European E&M solutions and prototypes for 450mm chip
manufacturing shall be available

8.3.2 Grand Challenge 2 “More than Moore”

Description:

More than Moore technologies will create opportunities and demands
new skills and know-how, e.g. in 3D heterogeneous integration, new
system on chip solutions by synergizing electronic- and biological-
(medical) skills enabling aging society and carbon dioxide aware society.
The over-arching goal of Grand Challenge 2 More than Moore is to
enable European E&M companies to provide sensors, power electronics,
rf-, and bio- technology according to market needs. Furthermore, the
transition to larger wafer diameters (200, 300mm) is a challenge, and
should enable new process integration schemes through more capable

equipments.
Among others, More than Moore will address challenges in the fields of:
e Dback-end equipment: in particular for 3D packaging (wafer level and chip level) and
novel approaches in die separation;
e advanced substrates;
e wafer bonding;
e alternative approaches for patterning, such as imprint or roll-to-roll;
e innovative control techniques and data handling based on different statistical basis
and different requirements of the customers (e.g. automotive);
e process characterization tools, in-line and in situ metrology and sensors;
e advanced process control capabilities (APC) for high-mix low-volume environments;
e testtools;
e equipment for wafer size transitions;
e 3D high aspect ratio metrology; and
e new materials for packaging, thermal interface materials, and for added
functionalities at reduced scales and associated enabling materials (precursors,
gases).

Competitive Situation:
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More than Moore can be partially sourced from past generation CMOS infrastructures,
however new technology generations’ require new capabilities which are still unsolved
manufacturing challenges with large impact to energy efficient electronic systems and not
available in advanced CMOS fabs. Furthermore, the constant trend in More than Moore
solutions to decreasing feature sizes, with ever more features and interconnects packed on
each IC, puts big demands on product validation and verification methodology and, to test
equipment. Since to-days equipment is designed for high volume and endless lot production
and is therefore less efficient for small lot production, the performance of More than Moore
production tools must be enhanced to provide low CoO. This requires in general major
modifications or even new design of the equipment.

Expected achievements / innovation foreseen:

More than Moore is creating future opportunity by addressing the increased request for new
functionalities. Product volumes per function will be relatively small compared to classical
semiconductor production, but in a much larger variety. This provides the European industry
with the opportunity to creatively develop More than Moore solutions and so further exploit
the wide experience in agile and market sensitive production. Furthermore, the production
means must also be adjusted to this kind of market, asking the equipment suppliers to
continue the tradition of highly sophisticated but cost-effective equipment. In addition,
European E&M companies target to provide sensors, power electronics, rf, bio tech according
to market needs. Finally, in order to create an industry wide basis for technology
developments, a common More than Moore technology roadmap will be defined, and
common standards shall be established.

8.3.3 Grand Challenge 3 “Manufacturing”

Description:
The Grand Challenge Manufacturing focuses on research and development of E&M to enable
highly flexible, cost competitive, and “green” manufacturing of semiconductor products
within the European environment. The over-arching goal is to develop new E&M solutions
that support flexible and competitive semiconductor manufacturing in Europe, and supply
world wide market including innovations for resource saving, energy efficiency,
sustainability without loss of productivity, cycle time, quality and yield performance; to
allow for cost reduction; and to invest in people competency in Europe. To achieve this, new
E&M solutions are required in several fields, as for example:

e small and variable size lot manufacturing;

e automation robotics ;

e efficient solutions for data handling and analysis;

e high-performance computing platforms for process control systems and metrology

tools;

e fab process control software;

e quality and process robustness ;

e world class yield and defectivity;

e manufacturing robustness (tools and facilities reliability); and

e production environment (people, tool, process).

e These innovative solutions for E&M might address new materials (e.g. quality,

defectivity, functionality), new designs (e.g. functionality, robustness, reliability,

° e.g. based on Silicon Carbide SiC or Gallium Nitride GaN or new metallization
technologies based on thick copper
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running cost), new software and automation, new “environmental” solutions (e.g.
energy consumption, chemical usage) and innovative human to tool interfaces.
The target is to develop new E&M solutions that support flexible, agile and competitive
semiconductor manufacturing in Europe, and supply the worldwide market. Thus,
innovations for resource and energy efficiency, sustainability, enhancement of yield and
reliability without loss of productivity, cycle time and performance are required to allow for
cost reduction and to invest in people competency and IP in Europe.

Competitive Situation:

The topics addressed in the Grand Challenge Manufacturing are of key importance for
several fields in European semiconductor manufacturing. They consider both, the strengths,
and the challenges of the European semiconductor environment. On the one hand, E&M
developments should capitalize on the European strengths, as e.g. the world class level of
R&D and engineering expertise, the large technology portfolio, the high expertise level,
creativity and stability of human resources, the multitude of SME’s operating on very narrow
but highly technical fields, and, in particular, the world class level of some E&M suppliers
who are creating ecosystem within their activity field. On the other hand, the European E&M
developments should consider the European challenges, as e.g. the high cost environment
(labour, logistics, services) mainly with regards to Asia, the lack of flexibility (e.g. regulations,
employment), the lack of dimension of scale in many small operations, the global character of
the E&M market, and the lack of incentive environment for manufacturing.

Substantial market potential is given in e.g. in advanced CMOS high-volume manufacturing
solutions that have to be provided according to the ITRS roadmap, and market needs; in
More than Moore manufacturing requiring high flexibility in usage of resources, material and
equipment; in existing semiconductor manufacturing plants that still exhibit a high potential
for energy conservation; and, finally, in new methodologies and information and control tools
to enable IC production lines to efficiently manufacture small and variable size lots with the
vision down to wafer level manufacturing for already existing fabs.

Expected achievements / innovation foreseen:

The new E&M developments shall support flexible and competitive semiconductor
manufacturing in Europe, and be competitive to supply the world wide market. Accordingly,
the innovations foreseen must enable solutions for productivity improvement (even at low
production volume), resource saving, energy efficiency, and world class performances in
quality, yield, and cycle time in all kinds of semiconductor fabs. In addition, cost reduction
potentials shall be generated compensating some cost disadvantages of European
environment. Therefore, the challenge is to develop generic solutions for current and future
fabs which allow, both, the production of variable size lots at high productivity figures, and
energy efficient, sustainable and resource saving production of advanced CMOS under high-
volume conditions. For example, a successful outcome will be the creation of a high-
performance, local hardware and software computing system for process control systems that
are useful for multiple European companies. Accordingly, focus topics include among others
factory operation methodologies, data acquisition and analysis concepts, factory information
and control system, material transport as well as local storage and fully automated equipment
loading/unloading.

VMS, Part c, chapter 8.6:

8.6 Synergies with Other Domains

All Grand Challenges clearly exhibit synergies to the domain of “Silicon Process and
Integration”. Furthermore, synergies exist to the domain of “Design”, in particular between
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More than Moore and package modelling, but also in the areas of design for test, and design
for test tools.
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VMS, Annex 2, Chapter 4.2 and 4.3:

4.2 Technology domain

Technologies topics in ENIAC projects being either:

e The technology development is not the R&D core of the project and refer to specific
applications where new subsystems/buiding blocks are innovative e.g. applications
project oriented( Health Care, Energy efficiency,... )

e The pan-European interest seeks a large number of countries and partners

e The standardization/regulation aspects of the project is put in priority involving large
participation of partners

e The technology development has a medium to long term vision.

Technology programme will support the following work areas mentioned in the VMS: micro-
and nanoelectronics:

e Semiconductor process and integration

e Equipment, Materials and Manufacturing

4.2.1 Semiconductor process and integration

The Technologies platform for process options ( More than Moore ) and heterogeneous
system integration for differentiated processes involving a large number of European
countries and when these technologies are strongly linked to a given application which drives
their development.

4.2.2 Equipment, materials and manufacturing

Standardization and infrastructure projects for future technologies and standards exhibiting a
medium long term vision and/or involving a large number of actors in Europe as e.g. the
450mm initiative.

The domains of manufacturing science (OEE, APC,yield engineering) with large partnership
or dealing with regulation (footprint optimization, materials replacement...) who interest a
large number of actors to reinforce manufacturing capabilities in Europe.

4.3 Applications domain

Applications in ENIAC projects being either:

e Global new system. Example Advanced LTE, with a major effort on system
definition for a European leadership.

¢ A new subsystem, for example is a new processor core or another example is an
innovative wireless modem solution for 3.5G mobiles, if the standardization
aspect is important and the number of partners is large.

e New Platform for an existing system in case of a large number of players /
countries with a European scope: Example smartcard. Some companies may
propose a platform project (i.e new architecture with new services in order to
achieve a competitive breakthrough).

The Applications programme will support all the application work areas mentioned in the
VMS: micro- and nanoelectronics for :

1. Communication and digital lifestyle

2. Safety and security

3. Automotive and transport
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4. Health and aging society

5. Energy efficiency

And

6. Design technology (DT)
Design Technology aspects are addressed in ENIAC system projects where Design
Technology is not the main goal of the project or Design Technology projects of pan-
European interest.

Page 46 of 46



