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B HTA - Heterogeneous Technology Alliance

European cooperation in microtechnologies, nanoelectronics and smart systems

Heterogeneous Technology Alliance HTA
A portal to hightech for SMEs

Micro- and Nanoelectronicdhias become the most prevalent key enabling technology.
The complexity of electronic systems is steadily increasing, leading é@mponentgo
Smart Integrated Systemdicro-/Nanoelectronics and the closely related MERI®I nane
technologies are therefore the major building blocks for innovative, competitive and highly
performing products needed to serve the global markets.

Smart Integrated System Solutiomse no longer mere semiconductor based
components but are becoming more andre complex heterogeneous integrated systems
combining highly miniaturized CMOS I Cs (Amor
as: sensor s, actuator s, RF and power devi ces
advanced CMOS technologies, Eugap still leader in the field of analogue components. This
leadership has to be maintained.

The four partners of théleterogeneous Technology Alliance (HTIACEA-LETI
(FRA), CSEM (SUI), Fraunhofer Mikroelektronik (GER) and VTT (FINpare active at all
levels of Smart Integrated Systems Solutions dealing with both, higher technological
readiness levels (TRLs) and increasing complexity. Within this alliance, the HTA partners are
combining forces and have started to create a distributed infrastructuhe ttevelopment
and smallscale production of Smart Integrated Systems Solutions (SIS%his SIS
Facility is an extension of the existing cooperation of major European Research and
Technology Organizations (RTOs) comprised in the HTA and acts as a faohigihtech
especially for the European SMEs.

Bridging the gap from technology towards the grand societal challenges

AGrand Societal Chall engeso represent t h
They are the basis for present and future marketsonal as well as global ones. Topics like
ageing population and health, urbanization and mobility, climate and environment, efficient
generation, distribution and consumption of energy, sustainable use and replacement of raw
materials, as well as livingnd working in a knowledge based society are in the main focus of
these challenges.

Looking upstream in the value chain, a solution responding to Grand Challenges will
require not only services but also innovative products which are based on semimonduct



devices & components, equipment and materials. As an example, a knowledge based society
will require an extensive exchange of information (services). This will rely on mobile
appliances like smart phones and tablet computers (products). Interactichevakternal

non digitali world will be done with smart sensors and innovative actuators (devices). To
solve the energy issue of such devices, one will need components enabled by nanotechnology
based batteries and lemower electronics. At the very biaging of the value chain there will

be advanced materials & equipment. All this will need to be packaged, assembled and
thoroughly tested. To get materials, components and devices harmoniously integrated into
products one will need technologies. Key EnaplTechnologies have been identified by the
European Commission, as the following: Nanotechnology, Miemad Nanoelectronics,
Photonics, Advanced Manufacturing, Biotechnology and Advanced Materials.

Micro- and Nanoelectronicdhias become the most prevalé&ey enabling technology.
It is used nearly everywhere in our highly engineered world and practically nothing would be
working without it any more. In addition, the complexity of electronic systems is steadily
increasing. This is leading to a closer mtdion with other key enabling technologidsew
materials NanotechnologiesAdvanced Manufacturingrechnologies and Photonics are
underpinning the importance of MicfoNanoelectronics and the value chains for most
industrial products.

TheKey Enablng Technologlicro-/Nanoelectronics and the closely related MEMS
and nandechnologies are therefore the major building blocks for innovative, competitive and
highly performing products needed to serve the markets mentioned above. Based on these
building blocks, the European industry will be able to prod&eeart Integrated System
Solutions(SIS?2)needed to address tlrand Societal Challenge3he corresponding market
segments are often served by small and mediums sized companies which need accss to mo
advanced technologies to maintain their market positions.

Smart integrated System Solutiomtl play a key role in addressing the major societal
challenges facing Europe. As an example, an ageing population will require more health care,
but will profit most from preventive health monitoring systems that can signal an upcoming
health crisis before it occurs. Similarly, an ageing population will prefer to continue to live
independently, but having the security of an automatic warning system when denacci
occurs at home. Another challenge is the energy consumption of our world. It could be greatly
reduced through smart building systems that adjust blinds and heating of our houses
depending on our presence and the ambient sunlight conditions.

The Heterogeneous Technology Alliance (HT#A) active at all levels of Smart
Integrated Systems Solutions: from applied research on materials, processes and equipment
through the fabrication of devices and components to the development of new products and
servicesWith a highly qualified work force and stavé-the-art facilities the HTA is a key
player in the European RTO landscape. Because the requirements from the industrial
customers and the results of the ever increasing miniaturization are leading intoidgoeh,
technological readiness levels (TRLs) and increasing complexity, HTA has started to create a
distributedSIS* Facility which acts as a orstop-shop for thedevelopment and smaliscale



production of Smart Integrated Systems Solutions (SISR)r the European industry,
especially SMEs. This SfSacility will be an extension of existing cooperation of major
European Research and Technology Organizations (RTOs) comprised in HTA: VTT
(Finland), CEALET]I (France), Fraunhofer Mikroelektronik (FRGe E , If d coaperation

of 16 Fraunhofer Institutes, Germany), and CSEM (Switzerland).

Within this partnership, it possesses development and -soaé production
cleanrooms for micre@lectronics, MEMS, power electronics and analogue components. Its
wafer hanting capacity encompasses wafer sizes ranging from 100, through 150 and 200 to
300 mm.
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Figurel: HTA is moving from four single institutes to a joint SIS2 Facility.
By this, HTA is aiming at more complex products and highemelogy readiness levels.

HTA 1T A portal to High-Tech for SMEs

The European industrial landscape for higbh solutions is dominated by large
companies, such as ST Microelectronics and Siemens. However, a significant part of
innovation in Europe comesoin SMEs In the last five years 80 percent of the new jobs were
created by SMEs. They are a driver of innovation, competitiveness and growth and thus a key
element in the Lisbon agend@hink Small First T Considering SME interests in policy
making, Reporbf the Expert Group to Enterprise & Industry Directorate General, 2009).

The SMEs contribute a disproportionally large share to innovation because their small
size gives them the ability to rapidly react
world, the technological lifetime of a smart phone is now well below six months, presenting a
continuously changing technology environment. New, totally unforeseen applications using
platforms like smartphones are currently appearing. An example of gofidreseen



application is the intelligent alarm clock application for a smartphone that uses the sensors in
the smartphone to wake up a person when he or she is only lightly asleep. Such applications
could never be envisioned by developers of smartphdndswere developed by SMEs
(Awawella, USA, in this case) that have reaped significant income from them.

The complete development &mart Integrated System Solutiasscomplex, time
consuming, and expensive for SMEs. The most efficient way to help itive@&MESs would
be to allow them to focus on their core competences. For SMES an easy access to a
multidisciplinary toolbox of the different building blocks would facilitate the development
and assembly of the Smart Integrated Systems. Each building rolostkbe easy to use and
easily interfaced into a more complex system. An example of such easy to use components
can be found in the STM32 F3 microcontrollers with their supporting discovery kit. The
discovery kit includes, besides the microcontroller, ggopes, accelerometers and
geomagnetic sensors. The user can directly develop software on the microcontroller without
having to know the inner workings of the sensors. These have also easy to use interfaces that
allow their assembly into smart systems ifast and coseffective way. Within the HTA, a
large number of advanced components, devices, and electronic circuits have already been
developed. They are forming an extensive toolbox for a whole ran&@maft Integrated
System Solutiorfer a variety ofapplications.

HTA partners file I P to protect their par
particularly vulnerable in protecting IP when facing large industrial groups with heavy legal
arsenal. HTA members are committed to protect on behalffVE$ s | P and al l o

licenses. In addition, they are committed to avoid obstruction of IP usage, through the
promotion of adequate measures that enable and optimize usage of IP developed in European
Commission funded projects but also bilateral contedctesearch, in particular by SME,

when larger companies are not willing to do so.

From Technology and Application Platforms towards Smart Integrated
Systems

Smart Integrated Systerage no longer mere semiconductor based components but are
becoming moreand more complex and heterogeneous integrated combining highly
mi ni aturized CMOS I Cs (fAimore Mooreo) with ot
RF and power devices, and so on (fAmore than
field of theseanalogue/mixed signal components, especially MEHMSed sensors, this is not
the case anymore in the field of CMOS ICs and assembly and packaging, whose centers of
industrial activity are now in the Far East.

However,heterogeneous integratiasf the different components @mart Integrated
Systemss regarded as an opportunity for European SMEs to maintain an important role in the
utilization of miniaturized systems. The analogue components are by far the most difficult to
assemble reliably in a heterogemus system, because of their sensitivity to mechanical
stresses and other assembly induced phenomena. The intimate knowledge of these analogue



components together with the European R&D and manufacturing facilities offer an advantage
in the development dfeterogeneous assembly technologies.

This heterogeneous integratias mirrored inside HTA by a smart specialization of
the partners. On this basis, HTA serves its customers as &t@ushop with effective
industrialization and production capability.edhnology or applicatiororiented building
blocks help to set up a joint infrastructure for the benefit of the customers.

Up to now six of these building blocks have been set up

The Designof Smart Integrated System Solutioeguires a high level dkills to be able to
integrate different components, described in different ways and having different interface
requirements, and simulate their operation correctly without the need for excessive
computation resources.

SOI MEMS is a process platform foesearch, prototyping and small volume production of
Siliconron-Insulator (SOI) MEMS components. SOl MEMS is typically used for Silicon
oscillators, microphones, speakers, compass, havigation, sensors and actuators, energy
harvesting, micro fuel cells, mfluidics and other deep reactive ion etched micro structures.
Key benefits of the collaborative work within the platform are:

Faster by optimized use of existing process modules
Lower cost by a jointly used equipment base
More innovative solutions due gowider technology portfolio

The Photonicsplatform aims at the development of robust, reliable and low cost processes
designed for devices/sensors and complete photonic systems. As a benefit for European
customers, the HTA Photonics platform offers depment and manufacturing services on
miniaturization and integration of photonics components and systems. The Photonics platform
comprises many aspects from device to system architecture level utilizing lasers, detectors,
modulators, multiplexers, mirrgretc. based on different materials like silicon, compounds,
glass, or LINbQ. A clear focus is given to optimizing cost, complexity and performance of
the system addressing light sources, light processing, light filtering, and light detection, as
well asassembly and integration using optical SiP and SoC technologies. Overall goal is to
enable photonics to deliver more functionality without adding complexity for the user.

The Open 3Dplatform was launched only recently to estabbsEuropean complete 3&
packaging integration platform on 200 and 300mm Wafer diameter. 3D Integration is one of
the key technologies for further miniaturization of smart systems. As main advantages, 3D
enables faster signal speeds and higher bandwidth by shortening oflisigaas well as a
significant cost reduction by partitioning of large and expensive chips. Different technologies
and functionalities can be merged into a single package and production time can be reduced
significantly by parallelization of processes.



Quality andReliability are key challenges for the widespread use of smart systems. Products
are becoming more and more complex, market needs are increasingly fragmented and value
chains are becoming long and specialized. Reliability is therefore key toetibvemess.

Within the reliability platform, the key reliability labs of the HTA partners are working
closely together along the whole value chain to provide full reliability analyses and failure
avoidance strategies on structure, component and systein Téns includes analyses under
harsh environmental conditions and takes the demands of long term reliability into account.

Health is the first application oriented platform. It is aiming at closing the gap around TRL5.
To get a lab demonstrator (TRL4)Xo relevant environment (TRL5) and to make an industry

like prototype out of it (TRL 6) has proven to be one of the biggest challenges especially in
the health business. The Health platform aims at helping the customers to overcome this gap
and to bring Bw product ideas into the market.
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Scalable computing for applications in a connected

world
Background

In the 90th of the past century a trend towards a connected world started, which is still
accelerating. Due to a rapid evolution of technologiesctonmunication and computing,
applications changed from mainly local approaches to networked systems.

In the communication sector the advent of World Wide Web, the increasing bandwidth
of wired networks, and new standards for local and cellular mobifencmication changed
the way of thinking in system design rapidly. Embedded processors became available which
exceed the performance of desktop computers and even servers from the past. Integration of
such powerful DSPs and microcontrollers into ASICs alfowlocal signal processing in a
new quality. Furthermore, increasing performance of standard processors and the
development of fast memory interfaces paved the way for high performance computing at
moderate cost.

In addition, MEMS manufacturing leads
miniaturization of transducers. In combination with
embedded processors and communication interfaces
a seamless integration of sensors into processes
became feasible. As a result today applications are
embedded into a heterogeneous ICT landscape.
Data are transmitted and processed in hierarchical LAN. WLAN,
ICT infrastructures and applications have to deal )& E q, GSM LTE, .
with different levels (see figure aside):

WAN, Corporate
Networks, ...

= =

- Cloud computing and storage, :_"-‘ b ~ -

- Global communication infrastructures wit’ | Figure2: ICT landscape.
wired backbone networks,

- Wireless local (e.gsensor) networks,

- Networked computers and agents as well as mobile devices.

On each of these levels there exist some basic interaction patterns between technical

systems, processes, environment, and humans. This includes data acquisition (e.g. of sensor
data), data processing, process control and datartisgien to the adjacent levels.



For distributed applications covering several levels of the ICT hierarchy, the main
design goal is to find a global optimum, i.e. w.r.t performance or energy consumption
Application specific allocations of resources for computing, memory, and communication as
well as the consideration of limiting factors like bandwidth, reliability, and thermal
constraints are necessary on the different levels. Especially for new @ippBcaith a huge
number of sensors and a tremendous amount of data, e.g. Internet of Things or Cyber Physical
Systems, scalable ulttaw power computing solutions at low cost are essential. The main
challenges from the application perspective, which hause tackled by intelligent platform
concepts, are the flexible combination of technologies, efficient system integration and a
simple adaptation to specific applications vertically through all levels.

Technology

CMOS technology has been used for miwant40 years for the fabrication of silicon
chips. After a long period of technology happy scaling, one has to face serious technology
limitations (leakage, technology variations). However, the most serious limitation comes from
applications with a huge mber of transistors and for which the power consumption becomes
a dramatic problem. Many lowower techniques have been introduced (bulk bias, sleep
transistors, regular layout, architecture parallelization), but new innovative techniques and
architecturesare needed to mitigate the power increase. Innovative systems are based today
on a network of sensor nodes with local processing and access to the cloud.

At the sensor level ultralow power design of both sensors and electronic interfaces
( ADC é)o tha&s pterf ormed. To have fAiZero Energyo
introduce dynamic power management taking into account batteries and energy scavenging.

At the devicenetwork level, low power techniques have to be used {sedr
threshold, biasig, parallelization of heterogeneous multicores, hardware accelerators,
asynchronous, power management, 3D integration, reliability, low cost). Several CMOS
technologies can be used, like conservative 180 nm and 65 nm for low cost, but also very
advanced mcesses like FDSOI 28 nm for much better performances. In the future, new
design paradigms have to be used like system adaptivity (to react autonomously to context
modification through reconfiguration), energy aware and scheduling policies using also
dynamic reconfiguration, hardware scalability (more or less computing cores depending on
the workload)and security and cryptography.

At the cloud level one has to develop applicatispecific computing platforms like
microservers providing energy efficieyn modularity and scalability. Based on ARM-bid
cores and powerful memory hierarchy (aamform L3 cache, remote DMA), the scale out
architectures from microservers to High Performance Computing (HPC) comprise the same
components (modularity) but mooe less components (scalability). Energy efficiency is key
for next generation of microservers and HPC and can be achieved by 3D integration, biasing,
FDSOI to 14 nm, power management and specific interposer.



Ultra-low power design
of sensors and electroni
interfaces.
Based
Energyo
AAut onomous
Dynamic power
management (batteries
energy scavenging).

on-

ASIC and SoC low power techniques (su

nearthreshold, biasing, parallelization ¢
heterogeneous midbres, hardware
accelerators, asynchronous, pow
management, 3D integration, reliability, lo

cost).

Use of various microelectronics technologi
(180 nm, 65 nm, 28 nm FDSOI).

Several new design paradigms (adaptivi
energyaware, scheduling policies,atdware
scalability, security, cryptography).

Application-specific computing
solutions providing energy
efficiency, modularity and
scalability.

ARM 64-bit cores.

Memory hierarchy (nomniform L3
cache, Remote DMA).

Scaleout architectures

Energy efficiency (3D integration,
biasing, FDSOlI, power
management, specific interposer.

Markets and Applications

Basically the market for digital circuits is divided into 2 main trends:
- On one side a market seeking raw performance in term of processing speed like
HIGH PERFORMANCE computers and servers.
- On the other side a market of electronic devices that are battery powered which
requiresLOW POWER technologies (low operating power and/or low standby
power).

These two markets tend to have their frontier blurreddywy consumer products like
smartphone and tablets which constitute a new class of product called tkegmidnt where
BOTH PERFORMANCE AND POWER need to be optimized and which will play a key
role in all of the subsequently discussed market aFégsre 3 shows the growth area of the
semiconductomarket for the next few years.
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Figure3: Growth areas of the semiconductor market.
Source: IHS iSupply 2014.



Internet of Things

IoT electronics is not a single market, but rathdreterogeneous collection of niche
markets (that is a subset of the broader embedded electronics market). The common elements
that hold it together are connectivity, sensors and processing. However, the collection sum of
these markets will surpass the mebiharket. The infrastructure builgp will not be as
fragmented as the markets because the types of electronic equipment are relatively few in the
infrastructure.

Since the loT is nascent, there are no dominant ecosystems, yet. However, the
heterogeneousature of the IoT and all its aspeétsbe that the vertical industry focus, the
complexity of the design (from the chip to the person), or the critical importance of the data
and user experience in utilizing that détameans that ecosystems will be i for the
development of the loT. Therefore semiconductor vendors should have flexible partnership
strategies.

Automotive

Automotive ISP market is driven by the implementation of ADAS (Advanced Driver
Assistance Systems) that will continue to growedsponse to evgaresent consumer demand
for improved safety in their vehicles, combined with government mandates on safety systems
intended to reduce road accident injury and fatality statistics.

Micro-servers, Servers, High performance Computing

There & a constant demand for improvements in online services, which means that the
data centres that provide these services must continue to advance. This is a large target
market, with over 500,000 data centres globally. Data centres consume up to 3%atfadll gl
electricity production. There are many reasons for this growth, not least of which are the rise
of mobil e, ubi quitous computing, soci al me
analytical systems. The amount of global, digital data is forecasbw tp 40 ZB in 2020
from 1.23 ZB in 2010. Such improvements are, however, limited by the technical and
financial characteristics of current IT equipment, including their theliméked density, high
capital cost, and excessive energy consumption. Asntheests of the computing industry
moves from a tight focus on performance towards eneffigiency and total cost of
ownership (TCO), the basic components of future servers and their integration into a full
system must be reconsidered from the ground up

Advanced mobile

Innovation in the smartphone space will bring more application development focused
on making use of location and context information, such as augmented reality and broader
contextaware computing. Reaching the full potential of thesevations will require further
advances in sensing, processing, displays, connectivity technology and, especially, power
efficiency. Estimates of emerging 5G systems in performance versus power demand a drastic
reduce in power consumption, even orders ajmtade.



Wearable electronics

The consumer wearable electronics market for fithess and personal health will reach a
$5 billion market opportunity for devices, apps and services by the end of 2016, increasing
from an estimated $1.6 billion in 2013. Theogth comes as the range of wearable device
users continues to expand beyond fitness enthusiasts. In the wearable electronics market, the
segments for fithess and personal health devices are among the first to gain traction. The apps
and services for thesaearable electronics are typically provided free for use with the
devices.

Augmented reality

Augmented reality is also a heterogeneous market consisting of augmented awareness
of environment, personal lifestyle, healthcare and entertainment, local mawvigatl social
networking. Augmented reality is a strong growing market. The predicted growth is from
$82M in 2012 to $5.2B in 2020.

Players and European position

loT Processing loT Wireless
Companies MPU/App HEo loT Sensors Cellular/Wi-Fi/BT/
Processor GPS/NFC/ZigBee
Texas Instruments
Freescale 1
STMicroelectronics
NXP Semiconductors (R |
Atmel
Renesas Electronics
Intel ]
Silicon Labs
Qualcomm
MediaTek :
Key:
Strong Medium-Strong Medium Limited NA
I [f=——-|
10T = Intemet of Things; MCU = microcontrolier unit; MPU = microprocessing unit; NA = not applicable; NFC = Near Field Communication
Tablel:Ranking for SemiconductorctoMendorsd |1 oT offerings

Source: Gartner Jan. 2014.

It is expected that 25 billion devices connected tdrternet by 2015 and 50 billion
by 2020. 10T market(s)yill surpass the mobile phone market. Innovation in traditional
industries is driven by electronics. However,n l oT and related (Aln
covering wearable electronics etc. will be driven as well by available ecosystems, services and
application needs, electronics being a box of legos to build thedte 1 shows Gartner's
current ranking for theop 10 semiconductor companies based on their having products in
production as well as gm-market efforts on markets, software and ecosystems. This list
excludes intellectual property (IP) and design firms, as it specifically focuses on companies
with silicon products. At the moment, no company has any category classified asdstrong
because that would require a much richer portfolio of 0T solutions for specific niche markets.



Note that in such a rapidly changing market any comparative analysis is lwofindtuate
regularly.

In Europe, there is a strong embedded and-pgower processor ecosystem. This
includes many companies in hardware and software development for both the industrial and
commercial sectors with several research organizations whidbaatiag the development of
semiconductor technology and the design of sophisticated devices. Moreover Europe is one of
the biggest markets of the world and benefits from a very strong educational environment and
a highly competitive undergraduate and getdueducational system. However, Europe
suffers from a high degree of horizontal specialization, which leads to the absence of a global
and consistent R&D approach and makes difficult for companies to amortize the costs of
development across the producaith There are no European agglomerations such as Silicon
Valley or the Asian foundry companies or wikHown economy drivers as kind of global
Abrand markso that can act as jJjob creation
of European papersn main conferences (ISSCC, ESSCIRC/DERC etc.) decreased
considerably. In this context, the expansion of power efficient electronics to a wide range of
new applications emerges as a unique opportunity for Europe, which holds a leading position
in energy #icient computing and market prominent positions in embedded systems.

The requested Research and Innovation effort

In the context of Horizon2020 Europe has setup several instruments to create
significant opportunities for the computing systems industryfEurope. Future Emerging
Technologies (FET), Joint Technology Initiative on 'Electronic Components and Systems for
European Leadership' (ECSEL) and Leadership in enabling and industrial technologies
(LEIT) are part of them. However, this funding framewlstill suffering from a scattering
of efforts not fully in line with the verticalization of upcoming challenges in the computing
area such as energy efficiency and scalability. It could lead to inefficient use of public
funding, duplication of work andhack of critical mass funds for developing breakthrough
innovations. The Heterogeneous Technology Alliance ambition is to address these transverse
challenges of energy efficiency and scalability for computing in a connected world. We cover
core technolog® platforms and methodologies aiming a reduction of energy consumed by
electronic devices by a factor 1000 in 10 years. This will be done througHowt@ower
design methodologies for SoC, SiP and 3D Integrated Circuit including techniques such as:
hetrogeneous systems, dynamic throughput control; $3#Winteraction.

An application aware design poses new challenges to the design methods and tools
itself. On the other hand, designing applicatspecific hardware and selecting key building
blocks to inegrate (e.g., processors, memory, analog, wireless, sensors, MEMS) will enable
more optimized devices. However, as the development cost and mask cost for producing
silicon chips is prohibitive for small product quantities, new techniques should be delvelope
to enable our industrial partners to differentiate hardware with a reduced development cost.
Solutions such as integration of heterogeneous dies on a silicon interposer might allow
specialization while using the existing technological capabilities of Ewopean
semiconductor industry. The improvement and flexibilization of design methods starting at



the system level are crucial for speeding up the design as well as to cope with the complexity
of those systems and to fully take advantage of new techaslagd, thus, to reduce costs
further. The design of energy efficient computing nodes has to be embedded into intelligent
platform concepts addressing the flexible combination of technologies, efficient system
integration and a simple adaptation to spec#pplications to achieve global application
aware energy optimization vertically across all levels from the cloud via the computing nodes
and networks to sensors and MEMS.

The ambition of the HTA design platform is to enable the basis for energy mfficie
and scalable computing components for applications in a connected world.
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MEMS technologies: an opportunity for Europe

Background

The MEMS field started in the 19800s i n
on the subject eldih 1981In Bressure esensors be®amg thenfirst industrial
MEMS product in the | ate 198006s, but the pac
the gains of batch fabrication of these sensors.

The MEMS sensors started their growth in earnestingdhe ey 19906s wi th
requirement for airbags in newly produced cars. This proved to be a real impetus for the
development of 50g accelerometers. Over time, the mastering of the design and technology
led to the development of 1g accelerometers thahdotheir use in ABS systems. The
subsequently developed yaw rate sensors (gyrometers) found their way into electronic car
stability control systems. With new techniques (DRIE) and SOI wafers becoming readily
available the fabrication technology for theseertial sensors shifted from surface
mi cromachi ni ngMEMS9 % OCeécsh)notloogS@ls (200006s) .

The SOIMEMS inertial sensors found their main market in automotive industry until,
in 2007, Nintendo introduced the Wii game console that used accelerofettérs control
of the games. This shift to the consumer market increased the volumes by an order of
magnitude, which was repeated when inertial sensors were also introduced in mobile phones.
As a result, tens of millions of SAMEMS inertial sensors arsow produced each year,
making the technology an extremely widely used. Its wide availability has led to the
development of new MEMS devices using this technology. Two examples are MEMS
resonators for time bases and for extremely sensitive temperatunessens

In an independent development, the-jek printing heads used MEMS type fabrication
techniques to define the required fine features. Today, only the mold for these heads is still
fabricated with MEMS techniques: the heads themselves are produdkd hyllions with
injection molding.

Another independent development was the mmnoor array, developed by Texas
l nstruments in the 19906s. This independent

unique player in the field of MEM$ased imagingevices for consumer applications.

Besides these main MEMS applications, a plethora of MEMS devices have been
developed over the past 20 years, using an extremely wide variety of technologies. One



notable example is the MEMS telecom fimgatical switchwhich enjoyed a fantastic boom
during the | ate 19906s and a dramatic bust
shows that the MEMS field has become mature, with some major large volume products and
many niche products and a technology ataege by the markets.

Technology

MEMS fabrication employs mainly techniques issued from the microelectronics
industry. It therefore takes advantages of the huge engineering efforts related to the
deployment of this billion dollars industry. Such efforultbnot have been deployed for the
MEMS market which is in comparison 40 times smaller.

Using microelectronics processes therefore allowssieg the processes, materials,
equipments and fabrication infrastructure before dedicated to CMOS componetiiat In
aspect, a number of MOS foundries that became obsolete with respect to high end electronics
are now targeting MEMS applications.

MEMS fabrication is based at 80% on standard microelectronics processes: layer

deposition, photolithography, and etchitdpwever, dimensions are less critical for MEMS,
the minimum lateral dimension being in the order of a micrometer, to compare with 14 nm for
the most advanced node in migtectronics. The last 20% are process steps that are specific
to MEMS, and requirparticular knowhow and equipment. These particular processes are:

- Deep silicon etching,

- Sacrificial layer techniques,

- Deposition of stresfree materials,

- Wafers bonding

The introduction of motion sensors in consumer products has recently dramatically
increased the size of MEMS markets (see next paragraph). This change has raised a strong
interest from big players and equipment supplier, and has increased the speed of
standardization of MEMS process steps: One example is the now universal use of Vapor HF
for the removal of sacrificial |l ayers whil e

Markets and Applications

The MEMS chip market is booming along with the Rjgbfile consumer electronics
devices using them. Cell phones dominate this drpledd by the phenomenal successes of
Apple's iPhone and other smartphones which copy its sensor complement. MEMS
accelerometers and gyroscopes are now widely used in phones, tablets, digital cameras,
gaming controllers and automobiles.

According to Yole the use of MEMS in consumer electronics is rising from $3 billion
in 2009 to $10 billion in 2018. Overall, the MEMS will represent a market of nearly $23
billion in 2018 to compare with $7 billion in 2009. The average annual growth rate is above
13%, significantly higher compared to the IC industry.



MEMS markets forecast in SM

(Source: Yole developpement, 2013)
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Figure4: MEMS growth by application.
Source Yole développement, 2013.

Although big, the MEMS market is still highly fragmented. Only a limited number of
applications have a marksize above $200M. A lot of applications are indeed extremely
different even for the same type of product (e.g. from barometric pressure in watch to pressure

sensing in nuclear power planté)
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Figure5: MEMS market by deviceshowing the product fragmentation.
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Players and European position

Europe holds a strong position on the MEMS markets: The first two industrial players
being European, ST Microelectronics and Bosch. This is notiabhks to the EC support that
allowed the creation of European champions in this field, both as Integrated Devices
Manufacturers and as equipmentd suppliers
European companies are also well represented among weeufacturers for MEMS
devices (e.g. Okmetic and lcemos).

European research organizations are world leaders in many fields of MEMS
technology. The members of HTA alliance can be mentioned as an example. Funding
instrument specifically targeted to loweetthreshold of c@peration between the institutes
would probably improve the situation even further.

Top 30 MEMS companies ranking - Revenus 2013

1200

Source: Status of the MEMS Industry report, Yole
1000 Développement, Q3 2014

Figure6: MEMS companies ranking; the first two companies are European.
The requested Research and Innovation effort

Europe las endorsed the importance of MEMS which are an essential part of smart
integrated or cyber physical systems. Such smart, interactive and sensitive systems with
underlying data base and software are needed for the internet of things (smart grid, smart
producti on, smart home ¢€) and services. For
Integration Conference 2014, that the third wave of MEMS proliferation is caused by internet
of things and services.

Currently existing standard sensors and MEMS are nfficiemt to increase the
sensing capabilities of components and complex systems like cars, machines and other things



or to open new application fields. So it is necessary to evolve new complex, multifunctional
and miniaturized devices. This may be mulths® modules or smart systems, combining
different components like sensors and actuators with data processing as well interfaces for
data (wireless communication) and power transfer.

It requires not only new materials (piezo, utilization of nanomater&atsorphous

met al s, pol ymers €é) for added functionaliti

but also continuous shrinking of size and power consumption. New methodologies like design
for reliability, simulations and virtual prototyping are mssary to ensure shorter time to
market of new innovative products. It is also recommended to foster the development of new
MEMS devices fulfilling new applications: in the last ten years, only two new types of MEMs
has emerged and reached the market sgbaéy: microphones and time reference. Support to
the development of new types of devices is somewhat missing.

Moreover, this development also leads to increasing demands on new technologies for
MEMS, especially system integration technologies focusmgvafer scale packaging, cheap
materials for bio compatibility and use of smart polymers as well as manufacturing
technologies including 3D printing and reliability assessments.

Similar to the ongoing development MEMS foundries, the diversity of newrgemge
microsystems such as chemical sensors, silicon microfluidics, micro fuel cells, MEMS
switches, touch screens, AOC MEMS, micro speakers and scanning mirrors requires the
standardization of processes and technologies. Only by standardization arndlhehesent

of design rules, the prototyping and production costs can be kept at a reasonable level.

In order to meet the challenges and to strengthen the European position, the HTA
addresses especially SMEs. Based on the establishment of SIS2 Fagilitylwh act s as

stops hop 0, a platform which provides generic

systems is expected to benefit SMEs. The generic technologies include the creation of design
rules for integrating different components, enhancemérmgfeneric process for prototyping

and small volume production of heterogeneous system components by optimized use of
existing process modules, potentially help niche markets by facilitating MPW project, finding
cost effective solutions for integratingtemgeneous technologies into a single package, fully
analyses and verification methodologies considering long term reliability, and seizing the
cross link of societal challenges, i.e., health, and engineering communities to overcome the
gap between useerds and SME capabilities.

Heterogeneous Technology Alliance HTA and the starting SIS? Facility will be a

portal for SMEs targeting higtech in a whole range of Smart Integrated System for a variety
of applications as well as an aid to secure Europetusinial leadership in this domain.

€
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Photonics sensing and integration
Background

Photonics is &U key enabling technologywith components, sensor and systems
providing a large potential for the European photonics market. Large acceptance of optical
components and subsystems in mainstream markets as telecommunications, smart phones or
tablets exercises considerable pressure on prices, which in turn requires mass production. It is
natural then, that the production and assembly of optical systems iisgtovhe far east due
to reduced costs of personnel and expertise irdast mass manufacturing. Unfortunately
this trend impoverishes Europe in terms of competent people and technologies. It is clear,
however, that this kind of competence, i.e. prodmctand assembly of high added value
components, is essential for maintaining overall manufacturing capability in our continent.
Optics and photonics is traditionally a European strength since centuries. SME networks,
industrial culture and competenceptics and Photonics have been built steadily in clusters
such as in Germany (e.g. precision instrumentation and power lasers), UK (e-gpfibgy
or France (e.g. optoelectronics). Despite the beginning of deindustrialization during the last
two decads the aforementioned long lasting elements (networks, culture and competences)
persist and can be a healthy and stable basis for industrial regrowth.

The world photonics mar ket i's expected
2020. Photonics is present in many segments in our life, spanning from telecommunications,
displays, safety and security, lighting, medical devices and energy. As shéigure7, the
photonics industry growth rate is exceeding global GDP in all sectors.

Today, in the worldwide
competition, Europe has been
able to stabilize a strong position
with an overall total share of
20%, and as much as 40% in key
sectors such as lighty. The
European photonics  industry
employs more than 300,000
people, directly, many of these in
e e over 5000 photonics SMEs.
Figure7: Expected growth rate of global photonics segments2 Photonics also has a substantial

2020 compared to GDP growth.
Source: Industry Report Photonics 2013, Photonics21. leverage effect on the European




economy and workforce: 280% of the economy and 10% of the workirdepend on
photonics, directly impacting around 30 million jalssurce: Photonics21, EPIC)

As photonic components and systems are becoming smaller and smaller
miniaturization integration solutions are essential and will require increased automated
assenbly. This leads to a reduction of the dependence onbased assembly and opens the
possibility of relocating and regrowing this industry back to Europe.

The concurrence of these factors, i.e. the need of specialized components and the
possibility of exgineering and producing them in a competitive manner, and the existence of
the networks, culture and competences allows the opening of a window of opportunity for our
industry in exploiting optics and photonics as a key pillar for a healthy ecorgrowdh.
Industrial sectors that can strongly leverage and profit from such technologies include
Medtech, PharmaAutomation, Energy generation, Consumer Goods, Environment and
Security.

The needs foadaptation in particular areas such as flexible photonicstaad alone
or with an interface to the traditional materials (glass or CMOS) are required. This could have
an impact on the industrial extension of a number of traditional SMEswhich could
modernize their business. There is a need to demonstrate thmgighodé new photonics
applicationsfor the main currengocietal challengege.g. cleantech, medtech).

Challenges

Theintegration of heterogeneous materials has to be considered as a higher level of
integration (hybrid packaging of electronics and optiasd is becoming more and more
important. This also means that thesign for assemblyneeds to be included in the
development of new devices and thatvariety of materials (Si (CMOS), IIFV
semiconductors (Il asers), g | carspatipikty) of difierent t o b e
design methodologies has to be ensured, e.g. for the optical design in new configurations. The
tradeoffs in terms ofcosts, complexity and performancge.g. optical SiP versus optical
SoC needs to be taken into account. Fina#liability and testing continue to play a major
role and are often a challenge given the variety of materials, processes, and devices in
photonics. In general, the applications are manifold and also include image sensing,
biosensing, 3D measurements aimponents and objects, fibeptic sensors for harsh
environment and medical applications, medical diagnostics;gogler lasers for marking,
cutting and welding, and industrial process control.

There is a need to addrassw fields including biophotonis and medtech that have
very high potential for innovation and breakthroudhserdisciplinary needs to be fostered
to develop such innovative products. Integration of photonics in smart systems will produce
high added value products. Photonics will beughtto large area and low costeading to a
potenti al paradi gm-marhi fpth.ot dmmioans 0t h(ee. @r i cphh ¢
semiconductor s) t o t he Aconsumer photoni
interferential/diffractive/plasmonic effects).



Disruptive  technologies emerge in a variety of fields. Quantum
cryptography/communication technology is already entering the market. Plasmonics and new
materials are appearing as an opportunity for bringing photonics to the-lidaily
Technologies such asiono and nandluidics will provide an interface allowing photonic
devices to communicate with the environment, thus opening more and more opportunities e.g.
for biophotonics and medical applicatiofdexible photonic devices, as standalone devices
or interfaced with traditional CMOS or glass devices open up new routes towareds cost
effective innovative photonic devices.

Existing clusters allow to let traditional technologies as lens making, high power
lasers, or optical subassembly evolve and creategarlghotonics industry based on both
more traditional industrial sectors and the aforementioned disruptive technoligigsess in
photonic integration, less disruptive but also of great importance, is based on
miniaturization, an increase of optical pemoutput for light sources and automated assembly.
For this, novel technologies dealing with heat removal, reduction of -stchssed failure
during the assembly, and higinecision assembly of the different components are needed.
Moreover, the technolags should be generic in such a way as to improve the current lack of
standardization in many domains of photonics.

HTA approach

As a step towardeew photonic solutions the Heterogeneous Technology Alliance
(HTA) started to develop photonic sensing ad integration platform, by combining a
variety of technologies available within the HTA. The HTA photonic sensing and integration
platform will providemany opportunities for the European photonics marketincluding i)
the development of robust, reliabledalow cost processes designed for devices/sensors and
complete photonic systems, ii) precision robot systems for automation, and iii) manufacturing
capabilities through the buildup and extension of an infrastructure for process development
and pilot and smll series. Key devices such as Silicon MEMS and {higghtness light
sources will be combined with 3D integration technologies to dlexible manufacturing.

Technology Toolbox

Photonics covers a broad range of applications.
Related systems make usfevarious components suited
_ for different wavelengths. So application oriented work
B = - - is based on a technology toolbox of photonics
‘ components that can be subdivided into three classes.
The following list summarizes the competence of HTA
members within thee fields. It focuses on applications

Figure8: Lasers on 200mm silicon wafers by heterogeneous integratior\dolhisilicon.



in UV, VIS and IR and neglects developments for other wavelengths, like for exaritag X
related technologies.

Light sources

Various types of sources have been developed and fully characterized (output power,
optical farfield, modal gain, relative intensity noise (RIN), frequency response) by HTA
partners including:

Inorganic light sources (NIR and UV) in a InP processing line. Applications include
spectroscopic sensing, detection of hazardous substances, mptedeksing, medical
therapy and diagnostics as well as seeding and pumping of solid state lasers. Quantum
Cascade LasefQCL) and Semiconductor Disk Lasers (SDL) based infrared laser modules in
NIR (1.9 to 2.8 um) and MIR (4 um to 11 um) are also avélab

Compact laser sources covering the Himeltraviolet spectral range (38680 nm).
CW output power with greater than 100 mW and peak powers exceeding 10 W in pulsed
mode (10 ps). These lasers are used for optical spectroscopy, fluorescence basetinmeas
techniques, fluorescence life time microscopy (FLIM) or general biophotonics.

Organic Light Emitting Diodes (OLEDSs), focusing towards on large area light emitters
typically for lighting and signage applications.

Tunable sources based upon MEM$®nochromator for Fiber Bragg Grating (FBG)
sensor in double stage configuration (from 400 nm to 800 nm or from 800 nm to 1600 nm).

High power optical sources, using new interconnection and integration technologies
and adhoc material and system charazagion tools to efficiently thermally manage such
devices.

Light processing

Optical components with feature sizes down to the mianal nanemeter range are
key components for systems and devices where small dimensions, compacihdigght
weight aredemandedin order to improve the efficiency of light sources or transform light in
a predetermined wagn entire toolbox of out
coupling structures has beateveloped. These

include optical microlenses amfiffractive optical

l l J, l l l l J, elements (DOES). Such elenteare implemented
in quartz glass, silica and silicon or polymer

Incident light

S|02 material fabricated by standard replication and
. l I l . F Al stepandrepeat processes, applying large area
techniques, like hot embossing or UV casting
«— Components include gratings (binary, midivel,
400 nm blazed gratings high frequency (down to 80 nm
Figure9: Nanostructured optical filters in CMOS.




line width, zero order gratings (ZOG)), lenses (refractive rdiens arrays, onand offaxis

Fresnel zone lenses (FZLs), diffractive spherical, aspherical and cylindrical lenses, FZL

arrays) and computeregerated holograms (beam splitter, beam shaper, pattern generator).

For modulation of optical signals especially in telecommunications InP based external

modulators with a 3 dB bandwidth beyond 50 GHz based on travelling wave design have been
developed akey components for metro and long haul fiber networks.

Spatial light modulators consist of arrays of micromirrors on semiconductor chips.
The number of mirrors varies depending on the application, from a few hundred to several
millions. In most cases thidemands a highly integrated application specific electronic circuit
(ASIC) as basis for the component architecture. High resolution tilting mirror arrays with up
to 2.2 million individual mirrors are used as highly dynamic programmable masks for optical
micro-lithography in the ultraviolet spectral range. Tlle r r o r di mensions ar
larger. Further fields of application are semiconductor inspection and measurement
technology, microscopy and prospectively laser printing, marking and material processing.
Piston micromirror arrays based on 240 x 200 imbivia | mirrors (40 1 4 (
example be used for wavefront control and correction in adaptive optical systems with
applications in the fields of ophthalmology, astronomy and microscopy, as well as in spatial
and temporal laser beam and pulse shaping.

Scanner mirrors, either resonantly or qustatic operated, are the technology of
choice to deflect light with extremely compact systems. To date, more than 50 different
resonant scanners have been designed and manufactured. Scan frequenciekHarto(b@
kHz have been successfully executed.
Applications range from reading barcode and
data codethrough 3D metrology, and right up
to laser projection and spectroscopy.
% Applications include Fourier Transform
J/ : spectrometers, confocal microscopy, highly
R < “ miniaturized displays, ultraompact laser
‘ \ projection systems, endoscopic image
acquisition as well as triangulation. Resonant

: scanners, quasitatic micrescanners are also
~ under development with applications such as

laser beam positioning and switching.

Figure10: Micro-mirror arrays for light processing.

Thermotropic liquid crystals enable fast direct optical switching by using elegtio
Kerr effect. Electreactive organic materials are utilized for midemses with an adjustable
focus. Their functional principle is based on the displacemenigoids in etched silicon
chambers. Applications include a zoom objective or autofocus system for a camera in a cell
phone, medical and industrial imaging, optical systems for laser beam manipulatia-and
ona-chip applications for cell manipulation addtection.



Light detection (CMOS, wavelength range from UV to IR)

HTA members possess a long experience in CMOS photo detectors and imagers
design, their processing and characterisation and CMOSppmstssing (i.e. colour filters
and microlenses depasih, stitching, wafer thinning, MEMS, or flippedafer techniques).
R&D activities cover the spectra ranging frorra§ over EUV, UV, and the visible range up
to near infrared.In addition, special detectors have been developed that offer more
functionality than capturing a pure image. One example is a chip and camera designed to
capture and measure the polarization state of light, pixel by pixel, for quality control through
stress detection in transparent materials, cafibem reinforced plastics or refttion
suppression on nemetallic work pieces, tissue analysis for medical purposes and materials
differentiation in general.

For analysis of wavelengths from the near up to the-leage infrared (e.g3-5 um
and 812 um) imagers, also referred to fixal plane arrays, are available. Typical features
sizes 0f288 x 384, 256 x 256 or 640 x 512 pixels and Noise equivalent temperature difference
(NETD) of less than 10 mKThey are based on radiatisensitive structures in silicon
technology. Integratedn one chip with CMOS reaout circuits, complete imager chips have
been developed. Possible applications are automotive industry (driver assistance, night vision
and pedestrian detection), personal security, process monitoring, gas analysis, thermography
in buildings or in medicine.

For application in telecommunications, high
 speed photodetectors and photoreceivers on
 optoelectronic integrated circuits (OEIQs)ypically
based on InR according to customer specifications,
preferably for the 1.3 1.55 um wavelength region
with 1-150 GHz speed of operation are available.
— Other types of devices include waveguideegrated
Figure11: Gephotodetectors on Silicon. ~ detectors up to 150 GHz bandwidth.

Assembly and integration

Assembly and integration covers a wide range of range of technol&igesrical and
thermal aspects have to be addressed as well as low loss optical interconnects and mechanical
and hermetical housing. Electrical and thermal interconnection: Shrinking die size and
increasing power result in a challenging heat flux
density Therefore heat dissipation and power
delivery becomes much more critical. Beside
standard processes like gluing and SAC soldering
also forward looking technologies like sintering
and transient liquid phase bonding are becoming
important.

Figurel2: Fiberoptic assembly developed and tested for extreme environments.



RF, highspeel and optical interconnectionsiith higher bandwidth the design of
high-speed signal interconnection paths without degrading signal integrity become more
challenging and the demand on single mode instead of multimode solutions increases leading
e.g. to anncreased alignment accuracy of less than 0.3 um. New packaging concepts consider
also vertical coupling schemes.

Wafer Level Packaging has become the synonym of-badkprocessing of wafers
with the focus on wafer bumping and redistribution with teed towards system integration.
Starting with the integration of passive elements like RLC the next step is the-Bull 3
integration. Using through silicon via technology CMO& MEMS-wafers can be used as
active substrate i.e. a platform for furthetiae functions. The reliability of modules and
systems is analyzed under realistic or accelerated conditions (including temperature,
humidity, shock, and vibration).

The next layer: (sub) systems (optical sensing/diagnostics, spectrometers,
atomic clocks )
The assembly and integration technologies are used to build systems based on
modules and subystems based on the SystanPackage (SiP) allowing functional testing
and qualification.

Typical solutions have been found in the past and can be expkutedture
applications like:

- Large area assembly with very fine pitch and minimum distance between the chips for
pixel detector modules (particle physics) and image sensor modules (fn@y, X
visible to infrared)

- Highly parallel optical interconnectsorf high performance computing and data
communication (integration of CMOS and optical layer)

- Fully integrated transceiver modules with defined electrical, optical and thermal
interfaces for high volume applications: Integration of Si photonics layer,
optodectronic components, driver and amplifier, lenses and filters on interposers and
hermetical sealing

- Hermetical sealing of IR image sensor with Germanium windows, silicon cavity and
activation of integrated getter material

- Intelligent, high resolution piXxe_EDs for adaptive front head lamp




HTA offer to Europe

HTA covers the full manufacturing value chain from materials and processes to
devices, cormponents and modules for photonic systems. Together with the European industry
we are able to develop fully functional systems fulfilling the requirements of global
customers. Therefore, the HTA is able to bring new business opportunities for European
indudry. In addition, it can leverage the establishment of new companies who are benefiting
the photonics competences. Our strength is the capability to develop new devices, which are
beneficial for applications such as process industry, optical connectdiyanced lighting,
life sciences, safety and security, and energy and environment. Our mission is to help
European industry to find new business opportunities in these application fields. We can do
this in collaboration between the HTA partners and tinelustrial collaborators.

Therefore, the HTA is targeting to reduce the dependence of European end users on
critical technologies that are ndturopean origin and to build automated manufacturing
capabilities in order to ensure that the manufacturindghofgmic products such as sensors and
instruments will be carried out in Europe. This can be realized due to novel integration
concepts and automated manufacturing capabilities with the HTA Alliance.
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European cooperation in microtechnologies, nanoelectronics and smart systems

3D advanced packaging: enabling smart systems for

Europe
Background

Our modern societies are strongly impacted by the emergence of smart electronic
devices, which are expected to compute and to store more and more information, but also to
sense and react to the environment and with theusads, the humaibeing Eehler!
Verweisquelle konnte nicht gefunden werded). Smart systems are now envisioned to
bring new solutions to many current and future societal challenges, by mixing together
different micro and naneledronic technologies. This heterogeneous integration is seen as a
smart way to extend Mooreds | aw and CMOS pos
same system, as illustratedrigure 14
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Figure14: New societal needsight) and MorethanMoore trend (left, from ITRS 2011).

In addition, these smart systems are expected to follow over the years major form
factor and cost decrease, as well as performances improvement. Traditional packaging can no
longer meet the requingents of the new advanced electronic components: conventional
PrintedCircuitsBoard (PCB) suffers from some strong limitations on the size and pitch of
interconnects (~36@00 pm), no longer compatible with the very aggressive pitch of
advanced CMOS dieads (down to 20um). In the last 15 years, academics, technological
institutes and semiconductor industry have put some effort to develop and improve new
advanced electronic packaging, especially by considering thedighension. Instead of
reporting indivdual heterogeneous components side by side on a board, it rapidly becomes
very advantageous to stack the dies in 3D in one single package, as illustr&etdeir
Verweisquelle konnte nicht gefunden werderd5.



Figure15: 3D advanced packaging principle.

Since its foundation, the Heterogeneous Technology Alliance (HTA) has clearly
envisioned the new change in packaging paradigm for the new smart systems and all the
associated related dilenges. Mixing heterogeneous technologies in one miniaturized
package cannot be straightforwardly done in the traditional packaging and assembly houses in
Asia, and require some specific and cuttedge research and developments from skilled
engineers. Bw smart systems are seen as a great opportunity for Europe to bring back a part
of the advanced electronic packaging activities, for specific and strategic markets such as
medical, automotive, space or defense. The HTA alliance has been thereforesalllgdnn
developing and promoting heterogeneous advanced packaging and 3D integration, together
with sever al i ndustri al partnersd very compl

Advanced 3D packaging technologyi key enabler for heterogeneous
integration

Over the yearsthe electronic packages have evolved in more and more complex
structure in order to gain both in interconnections density and number of functionalities.
Initially based on organic compound (fant, eWL B, embedded dies i n
packaging becomes toglanore and more complex. Wafer level packaging on silicon has been
considered as a competing solution especially for high density, leading the 3D Integrated
Components (3DIC) stacking, moving from pure baokiof-line packaging to more and
more frontendof-line processing. The current different packages trends have been
summarized irFehler! Verweisquelle konnte nicht gefunden werdei6.
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Figure16: lllustration of advanced packaging ard Bitegration for heterogeneous integration.



Beyond traditional packaging technologies (BGA package, stud bumps, wire

bondi ngeé), the members of the HTA have

packaging toolbox by their own basic technological aed® together within collaborative

deve

programs (EU, Euripides, Catrene and ENIAC programs) or directly with key industrial
partners. In particular, two large clean room facilities dedicated 3D integration and wafer

level packaging have been recently set nd developed (All Silicon System Integration

Dresden (ASSID) and 3D 300mm line at CEALETI). 3D integration on silicon relies on key

modules such as: die-die and digo-substrate interconnects, Throu§hicon-Vias (TSV),
thin wafer (<50um) handling sy=ins and accurate, precise padplace and wafer level

molding. For each module, a large technology options panel is today available within the

HTA to meet the requirements on the package in term on integration.

Figure17: Examples of 3D tool box for 3D silicon integration.
Source: CEA LETI.

As an example, TSV are of primary importance in 3D integration in silicon wafer.

They allow vertical and very dense connections within a
silicon chip, which can be either a CMOS dies or a

interposer. TSV require advanced knowledge and expertise
of several process steps as described below:

- TSV Etching: DRIE / ;
- TSV Isolation: SiQ (CVD) (sAoduler- 3DWLP& U
- Barrier/Seed: PVD L

- TSV Filling: CHECD

System
A Integration

Stateof-the-art TSV (first, middle, last) with
different size (fromlO0um down to 1 yum) and aspect ratio
(1 to 20) are available within the HTA, enabling new type
of architecture for smart systems. A wide range of
interconnects solutions such as solder balls (&Dum),
copper pillars capped with solder (20 pm), SUD (257 um), CuCu bonding (71 um) and































































