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Our mission is to design and prototype the next generation of components and systems, supporting incremental improvements to our society while generating value
added growth. Making things smaller, smarter, and more secure with lower energy consumption are the core skills of Leti. We offer breakage solutions for 5G, IoT,
precise medicine, transportation and environment, contributing to the competitiveness of the European industry.
With more than 85 ongoing projects, Leti plays a key role in the European research
programs by leading projects based on state-of-the-art technologies and by developing strong alliances with partners.
I would like to thank our industrial partners, institutional fellows and academic collaborators, who have worked closely with us for many years to identify new European
paths toward breakthrough technologies. Many thanks to our European team for
maintaining Leti’s strong position and ever-extending the frontiers of innovation.

“

EDITO

EDITO

“

For the last 50 years, Leti has been leading innovation in the semi-conductor and
healthcare industries using disruptive, miniaturized, and energy-efficient technologies.

Leti’s active participation in European projects is a part of its innovation strategy of
researching and developing new technologies that address the scientific, industrial
and societal challenges of Europe.
Thanks to the efforts of Leti’s teams, and to fruitful discussions with French authorities and European officers, we are actively involved in numerous projects conducted
under the umbrella of H2020. Leti is also a partner in the JU ECSEL and EUREKA clusters which are key public-private partnerships for technology development. Overall,
these projects are addressing sensors, computing, photonics devices, power electronics, wireless communications and networks, cybersecurity, image & vision, medical
devices, metrology and lithography.
Leti, along with its partners, are implementing and nurturing the European roadmaps
and visions, defined by European associations, European Technological Platforms
(ETP), EIT Knowledge Information Communities, and Public Private Partnerships (PPP).
More precisely, we are contributing members to AENEAS, EPIC, Photonics21 PPP, ETP4HPC, 5G PPP, NetWorld2020 ETP, Nanomedicine ETP, EARPA, etc.
I hope you will enjoy reading these pages and that our experience in the European
Projects will encourage you to join us as a partner.

Naturally, we will continue to reinforce our collaborations with European partners
and other major research and technology organizations to drive success in European
innovation. I hope you will find in Leti’s 2016-2017 European Report a vision of a
brighter future.

Emmanuel Sabonnadière
CEO - Leti

©
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CEA-Leti - Jayet

Laurent Hérault
VP Europe
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European initiative for
the standardization and
manufacturability of complex
micro-fluidic devices

NAREB

Nanotherapeutics for
Antibiotic Resistant
Emerging Bacterial pathogens

© CEA-Leti

Within the scope of European project NAREB, CEA-Leti is aiming to develop
a more efficient therapy to combat infectious diseases such as tuberculosis
and resistant Hospital-Acquired Infections (HAIs).
Lipidic particles (Lipidots) containing antibiotics have been developed and
successfully tested, proving their performance in the following aspects:
g improved stability allowing long-term storage;
g adequate biocompatibility profile, when injected repeatedly at high
doses;
g distribution within infected tissues;
g improved or maintained antimicrobial efficiency.
Upcoming scheduled tests will enable us to determine the beneficial efficiency/harmlessness of the anti-infectious lipidic particles retained.

PLACYD

Direct Self Assembly (DSA) lithography

3DAM

3D advanced metrology
and materials for advanced devices

© Leti-G.Cottet

For many years, CEA-Leti has traced an innovative lithography
path for sub-0nm nodes using very specific copolymers and
implementing a DSA approach. The institute has introduced
new materials such as PS and PMMA, and has modelled their
interaction as block copolymers by graphoepitaxy, allowing
nanometric structure fabrication techniques such as shrinking
contact holes on 300mm silicon wafers.
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HIGHLIGHT

HIGHLIGHT

MFM

CEA-Leti is in the forefront of research into a new generation of
metrology and characterization tools
and their associated methodologies
to allow development of forthcoming semiconductor technology
nodes. New 3D device architectures
and materials (e.g. nanowires, III-V,
2D materials and high aspect ratio
© CEA-Leti
TSVs) raise major metrology and
characterization challenges, which
can no longer be overcome by pushing existing methods to their limits.
Among the main targets of 3DAM, CEA-Leti is addressing 3D structure
morphology and dimensions, stress and strain, defects and crystal
quality, composition, 3D dopant profiling and mobility.

The MFManufacturing project aims to standardize
microfluidic interconnects and to foster industrialization of microfluidic-based complex devices. Following
© CEA-Leti
the MFM research, an ISO New Work Item Proposal
(NWIP) led by CEA-Leti and AFNOR was presented at the International Workshop Agreement held
at the British Standards Institute in April 2016.
The work is now disseminated worldwide through active participation at the workshop organized
by the National Institute of Standards and Technology in June 2017. A solid basis for future microfluidics standardization has been laid through the following actions:
g overviewing the IWA on interoperability of microfluidic devices;
g combining microfluidics and electronics (integration);
g performing cell-based assays/in-vitro diagnostics;
g performing flow control and verification testing;
g designing and testing sensors and interconnectors;
g creating modular systems.

EUROCPS

© EuroCPS-Infineon

European network of competencies and platforms for enabling
SME from any sector building innovative CPS products to sustain
demand for European manufacturing
The EUROCPS project is intended to furnish Europe with a network of competencies and platforms
for enabling an SME from any sector, which builds innovative CPS products, to sustain demand for
European manufacturing. The goal is to enable Europe to capture the emerging market of CPS products by offering innovative CPS to business in any sector. The project will also strengthen Europe
manufacturing with a network of design centers by initiating synergies between SMEs and major
CPS-platforms, by linking users and suppliers across value chains and by providing the continent’s
competency providers with fast track industrial experiments.
More than 4000 SMEs have been contacted and 34 projects (Industrial Experiments) have been selected through three open calls. CEA-Leti is involved in 7 IEs, together with ST-F and ST-I industrial
platforms. These IEs are win-win situations, in which SMEs, CEA-Leti and industrial platforms can
together generate new business. SMEs represent the best indicators of current market and future
development, so the EUROCPS project enables CEA-Leti to track promising ideas, technologies and
market trends for developing tomorrow’s technologies. SMEs will be able to develop and validate
innovative technology solutions thanks to CEA-Leti expertise and industrial partners; the will naturally stimulate leading edge technologies including silicon capabilities.
9

HIGHLIGHT

HIGHLIGHT

i-RISC
© CEA-Leti

EUROSERVER

Green computing node of european micro-servers
The aim of the European EUROSERVER project is to develop an energy-efficient server design
that meets the anticipated needs of exascale computing after 2020. The project develops a
range of tools designed to support energy-efficient ARM-based servers for use in data centers. These tools include an innovative scalable memory scheme called UNIMEM, introduction of
transparent main memory compression technology to maximize density and bandwidth of external memory, MicroVisor and additional advanced software features to optimize resource sharing
and communication within a system, thereby paving the way towards the next generation of
more power-efficient servers. There are multiple H2020 follow-up projects implementing the
EUROSERVER approach. These could benefit from the project’s technology, including EcoScale,
ExaNoDe, ExaNeSt and EuroEXA, to form the basis of a European server. Two spin-off companies
have already emerged from the EUROSERVER project: KALEAO Ltd. in Cambridge, UK, which
operates laboratories in Crete and Italy, and ZeroPoint Technologies in Gothenburg, Sweden.
Dedicated collaboration has been initiated between KALEAO and CEA-Leti. The EuroPROC project
conducted in April 2016 involved CEA-Leti, KALEAO and Zeropoint Technologies.

Innovative reliable
chip designs from
low-powered
unreliable
components
The purpose of the i-RISC project is to increase knowledge and understanding
of error-correcting codes within unreliable systems from two complementary perspectives (i) their ability to provide reliable error protection, if they
operate on unreliable hardware and (ii) development of specific methods to
embed error correcting techniques into circuit design such that fault-tolerant
circuits are obtained. In i-RISC, CEA-Leti has contributed to developing theoretical foundations and practical designs of error correcting codes with faulttolerant encoder and decoder architectures. The institute has also contributed
to developing mathematical models and a theory of error coding-driven circuit
synthesis. These developments pave the way for new, more powerful faulttolerance techniques that will be inherently required for designing upcoming
nanoelectronic devices.

SISPIN

Silicon platform for quantum spintronics

PIEZOMAT

High resolution fingerprint sensing with
vertical piezoelectric nanowire matrices
The aim of the European PIEZOMAT project is to develop and demonstrate
new fingerprint sensing technology based on piezoelectric nanowires.
The challenge of this project is to achieve a reduction in maximum pixel
size to increase sensor resolution. Each nanowire or group of nanowires
forms a pixel. The nanowires, connected at their base and top end, are
subjected to compressive forces. When a finger is placed on the sensor,
local deformation of the nanowire network generates a potential, whose
amplitude is proportional to the nanowire displacement. One of the technological difficulties to be overcome by CEA-Leti has been to succeed
in creating a matrix of doped ZnO
contacts on a silicon chip. This
200mm technology was designed
and fabricated in CEA-Leti’s clean
rooms. The second challenge overcome by CEA-Leti has been to obtain groups of nanowires located at
these contacts. Moreover, all fabrication stages have been performed
in-house.
© Fotolia
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LOMID

Thinning and curving of OLED display
Cur ved microdisplays will reduce the
complexity and dimensions of optical
systems. In the LOMID project, display
© CEA-Leti
flexibility is achieved
by thinning the wafer by chemical mechanical grinding. A
dedicated hard coat is then applied to ensure subsequent
safe handling of the thinned microdisplays. A first demonstrator has been fabricated with a 45mm radius of curvature
without degrading OLED performance.

SEQUOIA

Dense wavelength
division multiplexing
on a silicon photonics platform
© CEA-Leti

Within the scope of the SEQUOIA project, CEA-Leti has demonstrated
a echelle grating demultiplexer for dense wavelength-divisionmultiplexing applications with 16 channels and 100 GHz channel
spacing. The echelle grating has been designed and fabricated on
a silicon-on-insulator platform with a 300 nm silicon guiding layer.
Measured insertion losses of the echelle grating are lower than 2dB
for all channels and crosstalk is below 15dB. Error-free transmission
has been achieved for all channels with negligible penalty.

Silicon is already well known for making computer chips and will
soon be the material of choice for the next generation of computing
devices, known as quantum processors. Leveraging the industrial
base of well-established complementary metal-oxide-semiconductor
(CMOS) silicon technology would be a clear advantage to accelerating the development and integration of scalable quantum computing
architectures. During the SISPIN project funded by the EU, a silicon
quantum bit (qubit) device made with an industry-standard fabrication
process has been demonstrated. The device consists of a two-gate,
p-type transistor with an undoped channel. At low temperature, the
first gate defines a quantum dot encoding a hole spin qubit, the second
one a quantum dot used for the qubit read-out. All electrical, two-axis
control of the spin qubit is achieved by applying a phase-tunable microwave modulation to the first gate. The demonstrated qubit functionality in a basic transistor-like device constitutes the first promising
step towards the elaboration of scalable spin qubit geometries in a
readily exploitable CMOS platform.
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https://assrv1.oth-aw.de/3Ccar/index.php

Leti in 3CCAR
The main objective of the 3CCAR project is to form a collaborative environment embracing almost 50 European research teams with common visions and aims in the
well-defined, exponential growth area of electro-mobility. Such a large project is naturally divided into ten smaller parts, named Supply Chains (SC), which define a precise
research field. Two CEA institutes (CEA-Liten and CEA-Leti) are taking part in 3CCAR
and active in the fields of Smart Battery Cells (SC1), Functionally Integrated Powertrain
(SC2) and Smart Semiconductors for Fuel Cells (SC3).
g The aim of the Smart Battery Cell activity is to build a 48V battery module demonstrator using smart Li-ion cells with embedded electronics for measuring cell properties, ensuring safe control and communicating with the external Battery Management
system (BMS). CEA-Leti and CEA-Liten’ teams are designing the best architecture and
algorithms for embedded Electrochemical Impedance Spectroscopy (EIS) and estimating the electromechanical performance of the cell. This output will be used by other
partners to determine the cell temperature.
g The entire vehicle powertrain falls within the scope of the Functionally Integrated
Powertrain activity. CEA-Leti and CEA-Liten engineers are designing and simulating an
electric motor with its integrated power controller to be ideally constructed using GaN
transistor technology.
g All the elements and devices composing a Smart Fuel cell system are addressed by
the Smart Semiconductors for Fuel Cells activity. CEA-Liten’s team is developing a prototype of a DC/DC power converter, whose characteristics makes it suitable for range
extender applications with a 10 - 15 kW power output.

© Fotolia-bevisphoto

EC Programme

ECSEL JU

Keywords

Automotive powertrain
Complexity control
Electrified vehicles
Electronic components
Embedded systems
Energy efficiency
Power electronics
Semiconductors

3CCAR

Components for Complexity Control
in Affordable Electrified Cars

36 months
Jun. 2015 > May 2018

The 3CCAR project will provide highly integrated Components for
Complexity Control in thereby affordable electrified cars. The new
semiconductors for Complexity management (Control, reduction) will
offer the next level of energy efficiency in transportation systems.
3CCAR’s impact is maximizing pragmatic strategy: use semiconductor technology innovations to manage functionality & complexity
increase. This leads also to cheaper, efficient, robust, comfortable,
reliable and usable automotive systems. This strengthens Europe as
a whole (OEM, Tier1, Semiconductor) generating economic growth
and new jobs in Europe.The impact of 3CCAR is driven vertically by
innovations and horizontally enabling growth and deployment in the
industry based on what we see as European Values. We recognized
that European engineers develop for highest efficiency, convergence
and manageable complexity. Our society appreciates long life products to avoid waste. 50 partners and 55 Mio€ budget give the mass
for innovative products such as functional integrated powertrains,
smart battery cells with unique selling features allowing Europe to
advance to global leadership. An important feature of the project has
been the recognition and exploitation of synergies with other EV projects, enabling fast innovation cycles between such aligned projects.
With 55 Mio€ budget and 10 b€ impact the R&D expenditure ratio is
200 which is 10x higher than the semiconductor average and corresponds to very strong innovation potential which will be translated into
automotive and semiconductor industry. The technologies developed
in 3CCAR will be commercialized all over the world while giving advantages to Europe’s OEMs willing to manufacture in Europe. 3CCAR
will be involved in standardization needed to ensure that large vertical supply chains can be established. The 3CCAR project shows that
collaboration between industry, research institutes, governments and
customers is pivotal for excellence in Europe.

3CCAR at a glance
Project Coordinator
Infineon Technologies (DE)

Results achieved by the middle of the project’s 2nd year:
g Smart Battery Cells: hardware development is now finished, embedded software is
under development. Preliminary laboratory tests on one QinetiQ cell equiped with our
embedded electronics (only the analog part) allowed us publishing first results (conference paper and poster).
g Functionally Integrated Powertrain: motor and inverter specifications have been defined and simulations started.
g Smart Semiconductors for Fuel Cells (CEA-Liten only): power converter specifications have been defined and simulation started in January 2017.

Partners

BE: On Semiconductor Belgium BVBA,
Tenneco Automotive Europe BVBA
DE: Advantec GmbH, AVL Software and
Functions GmbH, Bayerische Motoren
Werke (BMW) Aktiengesellschaft, Cosynth GmbH & Co., Daimler AG, Fraunhofer
FhG-IPA, Fraunhofer FhG-IISB, Infineon
Technologies AG, Lange Research
Aircraft GmbH, NXP Semiconductor
Germany GmbH, Offis EV, Ostbayeriche
Technische Hochschuleamberg Weiden, Siemens Aktiengesellschaft,
Technische Universitaet Dresden
IT: Consiglio Nazionale delle Ricerche
(CNR), Ideas&Motion srl, Interactive Fully
Electrical Vehicles srl (IFEVS), Solbian
Energie Alternative srl, Torino e-District
Consorzio, Università di Pisa (UniPI)
NL: Nederlandse Organisatie voor
Toegepast Natuurwetenschappelijk
Onderzoek (TNO), NXP Semiconductors
Netherlands BV, Technische Universiteit
Eindhoven (TU/e)
+ others from ES, UK, RO, AT, LV, LT, FI,
FR, CZ and Taiwan

Total budget
e 53.8 m.
EC Contribution
e 17.6 m.

Publications
•“Electronic Module for the Thermal
Monitoring of a Li-ion Battery
Cell through the Electrochemical
Impedance Estimation”, M. Ranieri,
D. Alberto, H. Piret, V. Cattin, Therminic
2016 Conference, Budapest
(Hungary), September 2016.

The presented poster was awarded
with the ‘Best Poster Award’.
Full text link: https://www.
researchgate.net/publication/308470908_Electronic_Module_
for_the_Thermal_Monitoring_of_a_Liion_Battery_Cell_through_the_Electrochemical_Impedance_Estimation

Marco Ranieri,
marco.ranieri@cea.fr
Embedded hardware
prototype for the
electrochemical
impedance estimation
developed by the
CEA (SC1).

Bernard Strée,
bernard.stree@cea.fr
TRL
© CEA-Leti

Contract Number
662192
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http://www.activageproject.eu/ • https://twitter.com/ACTIVAGEproject
https://www.facebook.com/ACTIVAGEproject-1069663489846835/

Leti in ACTIVAGE

NEW

© ACTIVAGE

EC Programme

H2020 IoT-01-2016
Large Scale Pilots :
smart environment for
ageing well

Keywords

Ageing well
Cybersecurity
Internet of Things (IoT)
Interoperability
Large sacle deployment
Smart home
User centered design

ACTIVAGE
Breaking barriers for a sustainable Active
and Healthy Ageing through IoT
ACTIVAGE is a European Multi Centric Large Scale Pilot on Smart
Living Environments. The main objective is to build the first European
IoT ecosystem across 9 Deployment Sites (DS) in nine European
countries, reusing and scaling up underlying open and proprietary IoT
platforms, technologies and standards, and integrating new interfaces
needed to provide interoperability across these heterogeneous platforms, that will enable the deployment and operation at large scale of
Active & Healthy Ageing IoT based solutions and services, supporting
and extending the independent living of older adults in their living
environments, and responding to real needs of caregivers, service
providers and public authorities.
The project will deliver the ACTIVAGE IoT Ecosystem Suite (AIOTES),
a set of Techniques, Tools and Methodologies for interoperability at
different layers between heterogeneous IoT Platforms and an Open
Framework for providing Semantic Interoperability of IoT Platforms for
AHA, addressing trustworthiness, privacy, data protection and security. User-demand driven interoperable IoT-enabled Active & Healthy
Ageing solutions will be deployed on top of the AIOTES in every DS,
enhancing and scaling up existing services, for the promotion of independent living, the mitigation of frailty, and preservation of quality of
life and autonomy. ACTIVAGE will assess the socio-economic impact,
the benefits of IoT-based smart living environments in the quality of
life and autonomy, and in the sustainability of the health and social
care systems, demonstrating the seamless capacity of integration and
interoperability of the IoT ecosystem, and validating new business,
financial and organizational models for care delivery, ensuring the
sustainability after the project end, and disseminating these results to
a worldwide audience. The consortium comprises industries, research
centres, SMEs, service providers, public authorities encompassing the
whole value chain in every Deployment Site.
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CEA-Leti is responsible for the Interoperability and Security workpackage which aims
to deliver the ACTIVAGE IoT Ecosystem Suite (AIOTES). CEA-Leti is developing the open
source IoT platform SensiNact’s available through the Eclipse community. SenSinact
will be integrated into the AIOTES and required bridge are being developed , in particular, to make the solution compatible with the Z-Wave radio protocol, which is becoming
increasingly popular in the field of home automation.
Security and privacy risk analysis of the architectures using STRIDE and DREAD complementary methodologies have been defined and will be used by all deployment site
of the large scale pilot.
CEA-Leti through the IRT Nanoelec, is leading the French Deployment Site (DS) based in
Isère department. The focus of ISERE-DS is to propose and test modular personalized
IoT packs to enhance safety, comfort and social link to enable elderly to stay autonomous at home as long as they wish. The concept is to follow persons evolving needs
along the ageing stage and support caregivers’ intervention to detect early sign of fragility, prevent loss of autonomy, and avoid unnecessary hospitalization. In coordination
with TASDA partner and the local authority framework IsèreADOM, an User-Centered
Design co-conception process has been conducted involving all the stakeholders, leading to 38 requirements for the IoT Packs.
CEA-Leti has specified the IoT equipment’s to fulfil the requirements and integrated
a first IoT solution using SenSinact middleware and integrated to Technosens partner
commercial solution for elderly social inclusion.
To ensure deployment in the best conditions, the IRT Nanoelec has set a dedicated
space on its existing living lab facility the Link Technology Platform (PTL). Set up at the
end of summer 2017, this space of about twenty square meters represents a room of
nursing home composed of a bedroom and a bathroom. The solution is under test at the
PTL and has been also deployed in a testbed room at the rehabilitation clinic Korian Les
Granges. The solution will be fully operational first quarter 2018 and shall be deployed
in 10 institution rooms and 70 individual houses along the project duration.

42 months

ACTIVAGE at a glance
Project Coordinator
MEDTRONICS global project,
IRT Nanoelec / Leti for the
french deployment site
Partners
49 partners from 9 countries:
Finland, France, Germany,
Greece, Ireland, Italy, Spain,
Switzerland, UK
FR: CEA-Leti, Departement de
l’Isère, FFD (Fédération Française
de Domotique), IRT Nanoelec
(leader of the French
consortium), KORIAN IMA
(InterMutuelle Asssistance),
Madopa, STM, TASDA, Technosens

Total budget
e 25 m.
EC Contribution
e 20 m.
Contract Number
732679

CEA-Leti IoT solution
under test in the
nursing room testbed
set-up at the IRT
Nanoelec Living
lab PTL.

Isabelle Chartier,
isabelle.chartier@cea.fr

© IRT Nanoelec

Bernard Strée,
bernard.stree@cea.fr
TRL
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http://eithealth.eu/

Leti in ACTIVE HANDS

NEW

CEA-Leti/IRT Nanoelec has designed and developed the compact, robust, reliable wireless device «ACTISENS» for attachment to an object to monitor complex activity, such
as tea-making, and provide action recognition. Device re-design was performed in
the first month of this project based on CEA-Leti’s know-how acquired on the «PATCH
Santé» Carnot project.
In conjunction with a partner, functional specifications have been drawn up for the
ACTISENS device based on a usage-centered approach. ACTISANS integrates a 3-axis
Accelerometer/3-axis Gyroscope (3A3G) sensor to estimate the object’s motion and
trajectory, a proximity sensor to detect object grasping and a temperature sensor to
measure the temperature of the object surface. It also features a rechargeable battery,
BLE communication and RGB LED usage indicators. Four devices are needed to run the
rehabilitation application. BLE communication software has been developed to provide
reliable, low data losses at a high transmission rate (50 Hz).
ACTISENS communication has been thoroughly characterized, performances are
higher than 98% at 50Hz with four devices connected (8 data / devices). CEA-Leti has
defined the optimum system architecture together with UPM and TECHNOSENS. The
TECHNOSENS eLio box gateway is at the center of the future service. This gateway has
been adapted to BLE communication to gather all the gesture data from the Kinect and
the ACTISENS. The solution has been installed in the CEA-Leti/IRT Nanoelec Living Lab
dedicated to the smart environment for ageing well to functional testing prior to pilot
trials with a patient.
CEA-Leti, IRT-Nanoelec and TECHNOSENS have delivered a full set of 3 ACTISENS +
Gateway systems to UPM for algorithm development and TUM for pilot trials.

© Fotolia- Andrey Popov

EC Programme

EIT Health 2015
Project by Ideas

Keywords

Gesture recognition
Internet of Things (IoT)
Living lab
Smart living environment
for ageing well
Wireless sensors

ACTIVE HANDS
The Active Hands Project is dedicated to support independent living of
individuals with difficulties to organize daily activities due to deficits
of the central neural system. The Active Hands project will develop
an innovative home-based guidance system that will support individuals who have suffered functional loss in daily tasks such as tea making. The platform monitors the user’s ability to follow a pre-defined
succession of actions using wireless sensors and a Kinect camera.
When users make a mistake or requests help, audio-visual cues help
to guide them to a successful outcome while fostering their independence at home.The platform directly supports individuals with cognitive disorders such as dementia and stroke patients.The existing
healthcare system will also benefit by reducing the demands placed
on existing home support services and by linking health care professionals to the platform for remote monitoring.

12 months
Jan. 2016 > Dec. 2016

ACTIVE HANDS
at a glance
Project Coordinator
Technical University
Of Munchen TUM (Ge)
Partners

ES: University Polytechnica
de Madrid UMP 5
FR: IRT Nanoelec, CEA-Leti,
MADOPA, TECHNOSENS

Total budget
e 0.426 m.
EC Contribution
e 0.426 m.
Contract Number
X25143

Publications
• Poster at EIT Health Summit
23-25 Nov 2016 Barcelona

ACTIVE Hand Platform
under test at CEA/IRT
Nanoelec Living Lab.

ACTISENS device
design overview.

© CEA-Leti

Isabelle Chartier,
isabelle.chartier@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL
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www.apixanalytics.com/wp-content/uploads/2016/01/fiche-projet-Advantex.pdf

Leti in ADVANTEX

© Fotolia- Alexander

EC Programme

EURIPIDES 2013

Keywords

Sensors / Actuators
Smart textiles
Through Silicon Via (TSV)

ADVANTEX

Advanced Functional Blocks And
Technologies For Smart Textile Products

48 months
Apr. 2014 > Mar. 2018

ADVANTEX is focused on bringing more safety to workers facing
hazardous conditions including fire fighters, workmen in the waste
and recycling industry, ironworks, foundries and glassworks. This goal
is achieved by developing intelligent condition monitoring and detection systems based on sophisticated, miniaturized sensors which can
be integrated into smart protective clothing.
The microsystem is able to monitor a worker’s physiological condition and detect abnormal conditions with regard to posture, breathing,
heartrate, humidity, etc. In addition, the system monitors the surrounding environment to detect dangerous gases and to measure temperature and humidity in order to monitor heat capacity (heat stress).
In particular, for protection of fire fighters, a control centre has been
developed with wireless communication to remotely monitor movement, localization and other critical condition parameters in real time.
The technology is based on integration of high tech components and
sensors (MEMS and UHF RFID). Demonstrators exhibiting the desired
properties according to the project specifications have been developed and fabricated, while technology procedures are up scaled and
applied to production.
Beyond the direct application to secure the intervention of workmen,
developments from this project may have potential applications in the
medical domain such as Alzheimer patient monitoring, or for performance training and position tracking in professional sports.

ADVANTEX
at a glance
Project Coordinator
APIX Analytics (FR)

Progress is clearly visible in the ADVANTEX project with significant advances made
in technical textile technologies. The project has been structured to include several
iterations of sensor and sub-system development and integration in firefighting personal protection equipment (clothing, gloves and boots). Each sequential improvement
builds on an existing protective clothing product line, which allows rapid deployment
of innovation in successive products. CEA-Leti is strongly involved in developing better
sensors and wireless communication between sensors and the central processing unit
carried by the firefighter. A unique wireless RFID tag reader is used to transmit power
remotely, interrogate and read out signals from sensors. A first SOI technology-based
ASIC has been designed, fabricated and tested in various environments. Performance
has been validated in -40 to 180°C temperature range with remote powering of sensors possible up to a distance of 35 cm. This can be extended to several meters, when
the sensor is fitted with an accumulator.
Bulk acoustic wave gas sensors have been developed to incorporate process optimization and to achieve a resonant frequency of 2.4GHz. Sensor functionalization can
be programmed for detection of different gases. To date, detection of carbon dioxide
and hydrogen have been validated, while chemistries for detection of other gases are
under development. In parallel, nano-electromechanical microsystems (NEMS)-based
sensors for gas detection have also been investigated for the firefighting environment.
NEMS rely on piezoresistive resonant excitation of a free-standing cantilever, which is
functionalized to detect a specific gas or family of gases. This type of sensor can eventually be integrated using the product offer of the APIX Analytics company, a start-up
launched by CEA-Leti.

Partners

FR : APIX Analytics, CEA-Leti,
Movea
CZ : Applycon, Holik, University
of West Bohemia, Vochoc

Total budget
e 5.9 m.
EC Contribution
e N/A
Contract Number
13-1504

Publications
• Golden Amper prize awarded to the
ADVANTEX firesuit presented at the
International trade fair Amper 2016.

© ADVANTEX project

Thierry Claret,
thierry.claret@cea.fr
TRL
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http://bigclout.eu

Leti in BigClouT
CEA-Leti is coordinator of the European side of the project. At the technical level,
CEA-Leti is providing its IoT data collection and processing platform, sensiNact. This
comprises a software platform for collecting, processing and redistributing IoT data
relevant to improving people’s quality of life through various applications from domains
such as smart city, smart home, smart transport, etc. It provides programming interfaces for different data access modes (on-demand, periodic, historic, etc.) as well as
application development and deployment to build easily and rapidly applications on
the platform.

NEW

© Fotolia

EC Programme

H2020-EUJ-2016

Keywords

Big data
Edge processing
Europe
Internet of Things (IoT)
Japan
Smart city
Smart tourism
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BigClouT

Big data meeting Cloud and IoT
for empowering the citizen clout
in smart cities
As we enter 2017, the world is facing a number of critical challenges
such as global warming, economic crisis, security threats, inequality,
natural disasters and ageing society. Urban areas are particularly affected, given that the world population is increasingly concentrated in
those areas. ICT solutions have the potential to change the world and
improve the quality of life and security of its citizens. In particular,
IoT, cloud and big data are today’s key enablers for increasing the
efficiency in using shared urban infrastructure, economic and natural
resources.
The overall concept of the BigClouT project is to give an analytic mind
to the city by creating distributed intelligence that can be implanted
in the whole city network. The unprecedented number of connected things and the associated big data naturally raise new technical
challenges in terms of interoperability, scalable and online data processing, actionable knowledge extraction, self-management, security
and privacy. The BigClouT project is bringing together resources and
knowledge necessary from prestigious European and Japanese institutions for tackling those challenges.
BigClouT will leverage the results of the ClouT project and bring them
several steps further and add, in particular, distributed intelligence
with edge computing principles, big data analytics capability and
self-awareness property.
The BigClouT platform will be deployed and validated in 4 pilot cities
in the project, Grenoble, Bristol, Tsukuba and Fujisawa. BigClouT gives a particular importance to the involvement of citizens during the
whole lifetime of the project, from use case definitions to validation.
BigClouT has also the ambitious objective of creating a community
of external end-users to build their own applications/business on top
of BigClouT tools and platform, and to maintain alive this community
during the project and beyond, which will ensure the sustainability of
the results of the ClouT and BigClouT projects.

36 months
Jul. 2016 > Jun. 2019

BigClouT at a glance
Project Coordinator
CEA-Leti (FR), NTT East (JP)

The platform will be enhanced with self-management properties and intelligence at
gateway level by integrating the machine learning techniques provided by the project. The objective is to distribute data processing at the edge level, thereby reducing
data forwarding to the Cloud in response to the concerns of network traffic, energy
consumption and user data privacy. CEA-Leti is also providing its IoT service creation
tool, sensiNact Studio, having added a dependability property to it to allow reliable,
secure IoT application building.
Working closely with the Grenoble-Alpes Metropole, the platform will be used for
urban deployment the purpose of monitoring an industrial area in Grenoble and the
impact of business tourism to the local economy. Along with the other pilot deployments in partner European and Japanese cities, the project will demonstrate the
platform concept in relevant environments, thereby increase its TRL.

Partners

FR: Absiskey CP,
Grenoble-Alpes Métropole
GR: NTU Athens
IT: Engineering Ingegneria
Informatica Spa
JP: Keio University, National
Institute of Infomatics, NTT East,
NTT R&D, University of Tsukuba
UK: BristolIs Open Limited,
Lancaster University

Total budget
e 3 m.
EC Contribution
e 1.5 m.
(+ 1.5 m. contribution
from Japanese NICT)
Levent Gürgen,
levent.gurgen@cea.fr

Contract Number
723139
3 key enablers, Internet of Things (IoT),
cloud computing and big data, for efficiency
in urban infrastructure, economic flow
and natural resources management.

© CEA-Leti

Dider Belot,
didier.belot@cea.fr
TRL
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http://bonvoyage2020.eu/

Leti in BONVOYAGE

© Fotolia-Rawpixel.com

EC Programme

H2020-MG-7.2a-2014
Towards seamless mobility
addressing fragmentation
in ITS deployment
in Europe

Keywords
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Goods
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Internet
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BONVOYAGE
From Bilbao to Oslo, intermodal mobility
solutions and interfaces for people and
goods, supported by an innovative
communication network
BONVOYAGE will design, develop and test a platform optimizing multimodal door-to-door transport of passengers and goods. The platform
integrates travel information, planning and ticketing services, by automatically analysing non-real-time data from heterogeneous databases
(on road, railway and urban transport systems); real-time measured
data (traffic, weather forecasts); user profiles; user feedback.
The platform is supported by an innovative information-centric communication network that collects and distributes all the data required. The
highly heterogeneous, distributed and mobile nature of data, coming
from data-centers, sensors, vehicles, goods and people on the move,
calls for an innovative networking paradigm. Current networks (e.g.
Internet) limit themselves to “just” providing communication channels
between hosts. Our paradigm, called Internames, allows communications among entities identified by names, without the constraint of a
static binding to a particular location.
The request of a “user” (be it a person or a parcel) to travel from source
to destination is managed by the platform with several tools: Metadata
Handler collects and elaborates data related to the request and generates a corresponding Context; User Profiler creates a personalized profile, conveying requirements including Quality of Experience parameters
and special needs; Multi-Objective Optimizer develops personalized travel instructions, optimal for the Context and User Profile. The user may
give feedback, before accepting the travel itinerary. If a trip is not available at request time, the user is notified if it becomes available later on.
An Actuator triggers the necessary services. A Tariff Scheme Designer
exploits platform data to define multi-part tariff schemes.
BONVOYAGE will trial and demonstrate the platform and communication
network in integrated, large-scale, real life application scenarios, incorporated into the normal business operations of our transport operator
partners.

36 months
May 2015 > Apr. 2018

BONVOYAGE
at a glance
Project Coordinator
CNIT (IT)
Partners
AU: Fluidtime
ES: Azkar, Bilbao
FR: CEA-Leti
IT: CNIT, CRAT, Trenitalia
NO: Oslo, SINTEF

Total budget
e 4 m.
EC Contribution
e 4 m.
Contract Number
635867

g CEA-Leti’s objective is twofold:
1) to develop an algorithm to assess automatically the user transportation mode and
to define the user modal share (e.g. User A never rides a bike, User B never takes a
plane…).
2) to develop an algorithm to assess automatically user stress level; transport mode
and user stress level are both used for inferring a traveler profile in the BONVOYAGE
project.
CEA-Leti is working with 2 types of sensors:
g smartphone sensors for the transport mode recognition;
g wearable sensors (Empatica© wristband) for assessing user stress level.
Regarding user transport mode recognition:
g a first CNIL-certified database containing 217 recordings has been drawn up for
development of initial machine-learning algorithms;
g a first algorithm has been implemented to recognize 7 different transport modes
(walking, running, rail transport, air transport, bicycle, stationary mode);
g offline average performances (i.e. on computer, from database) obtained are
• 84% (with GPS signal)
• 74% (when GPS signal is not received by the smartphone)
New mathematical features will be designed to improve the mathematical model
and achieve better transport mode recognition. A first Android application embedding
Version 1 of the transport algorithm has been developed. This Android App includes
3 functionalities:
• Raw data recording from smartphone sensors
• Wifi data transfer to secured (SFTP) server, enabling data acquisition in worldwide
• Transport mode recognition in real time and graphical display.
Real-time assessment of user stress level delivered by wearables:
g initial comparative analysis of data recorded by medical devices and a wearable
Empatica© wristband has confirmed the reliability of wearable data;
g a first algorithm has been developed from recorded real-life data using Blood Volume
Pressure (BVP) and ElectroDermal Activity (EDA) as input signals;
g this algorithm has been embedded in a first Android App version featuring a
Bluetooth connection to the Empatica© wristband sensors.
A first demonstration of the transport mode and user stress level Android Apps was
performed and witnessed by the EC expert and Project Officer during a project review
meeting.
Both these Android Apps will be integrated into the BONVOYAGE Android App at the final
project stage.

Publications
• “A Comparison of Wearable and
Stationary Sensors for Stress
Detection“, S. Ollander, Chr. Godin,
S. Charbonnier, A. Campagne,
SMC2016 IEEE International
Conference on Systems, Man,
and Cybernetics, 2016, Budapest,
October 9-12.
• “Feature and Sensor Selection
for Detection of Driver Stress”,
S. Ollander, Chr. Godin, S. Charbonnier,
A. Campagne, Third International
Conference on Physiological
Computing Systems – PhyCS 2016,
Lisbon, Portugal, 27th and 28th July
2016.
• “Transportation mode recognition
based on smartphone embedded
sensors for carbon footprint
estimation”, L. Oana, V. Andrea,
19th International Conference on
Intelligent Transportation Systems –
IEEE ITSC 2016, Rio de Janeiro, Brazil,
1 – 4 November 2016.

Etienne Labyt,
etienne.labyt@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL

© CEA-Leti

25

Leti in BRAIN IoT

NEW

© Fotolia-monicaodo
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BRAIN
IoT
model-Based fRamework for dependable
sensing and Actuation in INtelligent
decentralized IoT systems
BRAIN-IoT focuses on complex scenarios where actuation and control
are cooperatively supported by populations of IoT systems. The breakthrough targeted by BRAIN-IoT is to establish a framework and methodology supporting smart cooperative behaviour in fully de-centralized,
composable and dynamic federations of heterogeneous IoT platforms.
BRAIN-IoT tackles future business-critical and privacy-sensitive IoT scenarios subject to strict dependability requirements. In this complex setting, BRAIN-IoT enables smart autonomous behaviour in IoT scenarios
involving heterogeneous sensors and actuators autonomously cooperating in complex, dynamic tasks. This is done by employing highly dynamic federations of heterogeneous IoT platforms able to support secure
and scalable operations for future IoT use cases, backed by an open
decentralized marketplace of IoT platform and smart features, supporting runtime deployment and reconfiguration. Open semantic models
are used to enforce interoperable operations and exchange of data and
control features, supported by model-based development tools to ease
prototyping and integration of interoperable solutions. Overall, secure
operations are guaranteed by a consistent framework providing AAA
features in highly dynamic, distributed IoT scenarios, joint with solutions
to embed privacy awareness and control features.
The viability of the proposed approaches is demonstrated in two futuristic usage scenarios, namely Service Robotics and Critical Infrastructure
Management, as well as through a series of proof-of-concept demonstrations in collaboration with ongoing IoT large-scale pilot initiatives.

36 months

BRAIN IoT at a glance
Project Coordinator
Istituto Superiore Mario Boella
(ISMB) (IT)

The distribution of CEA-Leti’s sensiNact platform is based on the open source software model. Its exploitation strategy is based on creating developer ecosystems for
different application domains at national and international levels and accompanying
the relevant stakeholders (small and large industries, cities, etc.) for their digital transformation. SensiNact is an open source project in the Eclipse foundation, which has a
large and active community of developers all around the world, in particular in the IoT
domain. CEA-Leti has a large portfolio of public and private, national and international
partners towards which this platform is being promoted. The core of the platform is
open, however added value services and features are to be valorised by CEA-Leti’s
industrial partners. BRAIN-IoT project will increase the added value of the sensiNact
by bringing additional features such as distribution, edge computing capabilities and
dependable service composition.

Partners
DE: Eclipse Foundation Europe
GMBH (ECLIPSE), Siemens
Aktiengesellschaft (SIEMENS)
ES: Empresa Municipal de Aguas
de La Coruña SA (EMALCSA),
Robotnik Automation SLL (ROB),
Siotic Spain S. L. (IM)
FR: CASSIDIAN Cybersecurity SAS
(Airbus), CEA-Leti,
Institut de l’audiovisuel et des
télécommunications en Europe
(IDATE), STmicroelectronics
Grenoble 2 SAS (STM-GNB),
Université Grenoble Alpes (UGA)
UK: Paremus Ltd (Paremus)

Total budget
e 5 m.
EC Contribution
e 5 m.
Contract Number
780089
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CEA-Leti has developed an IoT platform, sensiNactxiv, in the context of several EU
projects and already validated it in different application domains. The platform follows
rather a centralised (or hierarchical) approach for management of a connected IoT
devices and sub-platforms. In the BRAIN-IoT project, the platform sensiNact will be
extended with a distribution support. The idea is to allow one sensiNact platform to be
able to interact with others in a peer-to-peer fashion. Besides, the BRAIN-IoT project
will allow adding edge computing features to sensiNact distributed platforms and validating the approach within the project‘s test sites in water management and robotic
based logistics domain.

© CEA-Leti

This figure summerrizes
the above description of the
BRAIN-IoT environment offering
a possible deployment view
along with a set of possible
configurations of an IoT instance
with different distribution of the
IoT building blocks between edge
and cloud.

Levent Gürgen,
levent.gurgen@cea.fr

© CEA-Leti

Laurent Hérault,
laurent.herault@cea.fr
TRL

27

http://clout-project.eu

Leti in ClouT
Within the scope of the ClouT project, CEA-Leti has developed its IoT data collection
and processing platform (sensiNact) and a tool for quickly building IoT applications
(sensiNact Studio). SensiNact is a software platform for collecting, processing and redistributing IoT data relevant to enhancing urban citizens’ quality of life through various
applications from domains such as the smart city, smart home, smart transport, etc.
It provides programming interfaces for different data access modes (on-demand,
periodic, historic, etc.) as well as application development and deployment to build
easily and quickly innovative applications on the platform.
© Fotolia

EC Programme

FP7-ICT-2013-EU-Japan

Keywords
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Japan
Smart cities
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ClouT
Cloud of Things for empowering
the citizen clout in smart cities
ClouT’s overall concept is leveraging the Cloud Computing as an enabler to bridge the Internet of Things with Internet of People via Internet
of Services, to establish an efficient communication and collaboration
platform exploiting all possible information sources to make the cities
smarter and to help them facing the emerging challenges such as
efficient energy management, economic growth and development.
ClouT will provide infrastructures, services, tools and applications that
will be reused by different city stakeholders such as municipalities,
citizens, service developers and application integrators, in order to
create, deploy and manage user-centric applications taking benefit
of the latest advances in internet of things and cloud domains. ClouT
with its user-centric approach, will also offer to end-users the possibility of creating their own Cloud services and share them with other
citizens.
ClouT will have the following major outputs: i) a smart city infrastructure with a near to infinity processing and storage capacity of data
from trillions of things and people that are integrated via virtual services in the Cloud while keeping their universal interoperability; ii) a
set of platform level tools and services aiming at facilitating IoT application development, deployment and supervision iii) secure data access and processing mechanisms that can handle big data acquired
from the heterogeneous sources in quasi real-time; iv) innovative city
applications and field trials in four pilot cities: Santander and Genova
in Europe, Mitaka and Fujisawa in Japan.
ClouT will reduce costs and time to develop and deploy new applications by using new flavours of public-private partnerships inspired by
the Cloud models, supporting win-win strategies for all stakeholders.
ClouT’s ultimate goal is to join the forces and create a long-lasting
synergy for smart city initiatives between Europe and Japan.

The sensiNact platform has been used in the project to aggregate data from IoT devices deployed in the 4 project pilot cities of Santander, Genoa, Mitaka and Fujisawa.
Over 10,000 physical devices and 500,000 virtual devices have been connected to the
platform via more than 10 communication protocols. Over 5000 end-users used the 5
ClouT applications deployed in the 4 pilot cities via applications such as environmental
monitoring, context aware coupons, city dashboards, citizen safety and elderly care
social networks. These have been validated by field trials involving real end-users.

39 months
Apr. 2013 > Jun. 2016

In addition to real-life testbeds, multiple scientific publications have been edited during
the project, in particular a book entitled “Enablers for Smart Cities”, which includes a
specific chapter on the sensiNact platform. In 2016 the ClouT project received the “Star
of Europe” award from the French Ministry of Research and Education for the project’s
successful achievements and generated impact.

ClouT
at a glance
Project Coordinator
CEA-Leti (FR), NTT East (JP)

The ClouT project has built the foundations of its follow-up project, BigClouT, which
complements the ClouT architecture with big data aspects. BigClouT was launched in
July 2016 and will run for 3 years.

Partners

ES: Santander Municipality,
University of Cantabria
FR: CEA-Leti
IT: Engineering Ingegneria
Informatica Spa, Geneva
Municipality, ST Microelectronics
JP: Keio University, National
Institute of Informatics, NTT East,
NTT R&D, Panasonic
Publications

Total budget
e 3 m.
EC Contribution
e 1.5 m.
(+ 1.5 m. contribution
from Japanese NICT)
Contract Number
608641

• sensiNact IoT Platform as a Service.
Book chapter in “Enablers for Smart
Cities”, L. Gürgen, C. Munilla,
R. Druilhe, E. Gandrille, J. Nascimento.
August 2016. DOI:
10.1002/9781119329954.ch6.

© CEA-Leti

sensiNact architecture.

Levent Gürgen,
levent.gurgen@cea.fr
Dider Belot,
didier.belot@cea.fr
TRL
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https://esites.vito.be/sites/everlasting/default.aspx

Leti in EVERLASTING

NEW

© Renault
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H2020-GV-8-2015:
Electric vehicles’ enhanced
performance and integration
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EVERLASTING
Electric Vehicle Enhanced Range,
Lifetime And Safety Through INGenious
battery management
Batteries are not yet the ideal energy container they were promised to
be. They are expensive, fragile and potentially dangerous. Moreover
the current Electric Vehicle (EV) cannot compete yet with traditional
vehicles when it comes to driving range and flexibility. EVERLASTING
intends to bring Li-ion batteries closer to this ideal by focusing on the
following technology areas.
g Predicting the behavior of battery systems in all circumstances and
over their full lifetime. This enables accurate dimensioning and choice
of the correct battery type, leading to lower cost. It also facilitates the
development of a powerful battery management system during all
stages of its evolution from idea to fully tested product.
g Sensing signals beyond the standard parameters of current, voltage
and temperature. This multi-sensing approach provides more varied
and in-depth data on the status of the battery facilitating a pro-active
and effective management of the batteries, preventing issues rather
than mitigating them.
g Monitoring the status of the battery by interpreting the rich sensor
data. By intelligently combining this information with road, vehicle and
driver data we intend to offer accurate higher-level driver feedback.
This induces a bigger trust and hence a lower range anxiety.
g Managing the battery in a proactive way, based on a correct assessment of its status. Efficient thermal management and load management results in increased reliability and safety and leads to lower
overall cost through an increased lifetime.
g Defining a standard BMS architecture and interfaces and gathering the necessary support in the market. This allows an industry of
standard Battery Management System (BMS) components to flourish
which will result in lower cost.

48 months
Sep. 2016 > Sep. 2020

EVERLASTING
at a glance
Project Coordinator
Carlos Mol, VITO (BE)
Partners

BE: Vlaamse instelling voor technologisch onderzoek N.V.
DE: Lion SMart GmbH,
Rheinisch-Westfaelische technische
hochschule aachen, Technische
universitaet muenchen, TUV SUD
Battery testing gmbh
FR: CEA, Siemens industry software
SAS
Israel: Algolion LTD
NL: Technische universiteit
eindhoven, VDL Bus & Coach BV
SK: GreenWay Operator a.s.

Total budget
e 8.2 m.
EC Contribution
e 8.2 m.

EVERLASTING adresses a series of challenges related to the understanding of batteries.
CEA-Liten and CEA-Leti institutes are both contributing to this project as follows.
a) Safety hazards. EVERLASTING provides new, unique model-based tooling and methods for robust detection of safety hazards, prevention of false detection and early
prediction of thermal runaways.
b) Battery aging phenomena. EVERLASTING generates knowledge through online estimation of battery deterioration by advanced sensing and analysis using cutting-edge
mathematical techniques. CEA-Leti contributes to this by defining sensing strategy.
c) Reducing complexity of holistic battery models. CEA-Liten is investigating techniques for battery cell model order reduction that allow trade-offs between accuracy
and computational complexity.
d) Modelling and simulation tools. CEA-Liten is developing and validating a better tool
chain that supports model-based validation of a BMS throughout the development
stages.
e) Range prediction and optimization to decrease range-related anxiety. CEA-Liten is
developing BMS technology that will extend driving range without increasing battery
physical size. Charging time will also be reduced by 30%.
f) Sensors and algorithms to predict safety hazards. CEA-Leti is contributing to new
model-based tooling and methods for for smart safety hazard detection and prediction.
For the first time, proactive and reactive safety management will prompt corrective actions to prevent fires, which have already caused Ms of damage, personal injuries and
even death. Such tools and methods will increase the reliability, safety and consumer
demand for EVs but also assist the industry in meeting the stricter safety standards and
regulations being developed in response to transportation battery failures.
CEA-Leti is developing new predictive intelligence algorithms to eliminate the drawbacks involving the passiveness of existing battery safety management systems. It is
establishing conditions for efficient warning, correction and intervention for benign,
chronic and acute safety hazards by introducing the new concept of safety domains
and safety time constants. This concept is a powerful tool in developing advanced
Lithium-Ion Battery (LIB) designs for EV applications that optimize performance, safety
and ergonomy.

© « insideevs.com »

Vincent Heiries,
vincent.heiries@cea.fr
Bernard Stree,
bernard.stree@cea.fr
TRL
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fed4sae.eu					

Leti in FED4SAE
First year for the FED4SAE so no real outcome at this stage, but thanks to the EUROCPS
exeperience, CEA-Leti foresees results, impacts and benefits:
g expected results: support Third parties to integrate innovative technologies in their
products and services. Transfer advanced low-power technology bricks into Third parties CPS solutions;

NEW

© littlestocker - Fotolia.com

EC Programme
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FED4SAE
Federated CPS Digital Innovation Hubs for
the Smart Anything Everywhere Initiative
The overall ambition of the FED4SAE innovation action (IA) is to boost
and sustain the digitization of the European industry by strengthening competitiveness in Cyber Physical Systems (CPS) and embedded
system markets. In alignment with the «Smart Anything Everywhere»
initiative goals, FED4SAE will:
g create a pan-European network of Digital Innovation Hubs (DIH) by
leveraging existing regional ecosystems across full value chains and
a range of competencies. DIHs will enable both tech and non-tech
innovative Third parties (Startups SMEs, Midcaps) from any sector to
build new products and services with “digital inside”;
g act as a European added-value one-stop-shop to facilitate innovators-suppliers cross-border partnerships which will accelerate
innovation in products and processes of European Third parties by
providing technical, industrial and innovation management expertise.
This will lead to quantifiable increases in market shares, productivity,
industrial capacities of the Third parties, and a broader adoption of
CPS and embedded systems solutions;
g link innovators to investors associated to DIHs to reach out to further
funding opportunities and enable the next steps of the Third parties’
developments after completing their application experiments (AEs);
g ensure the self-sustainability of the DIHs pan-European network by
developing cooperation with regional organizations and key stakeholders engaging public and or private investment to fund FED4SAE
network activities.
FED4SAE is built upon the key learnings obtained in the EuroCPS,
Gateone-project, CPSE Labs IAs. FED4SAE will leverage the best practices related to Third party engagement, submission, evaluation and
selection of AEs. FED4SAE will give birth to a competitive ecosystem where European Startups, SMEs and Midcaps will thrive as they
access to leading technology sources, competencies and industrial
platforms and also to well-connected business infrastructures and
existing regional innovation hubs.

g exploitation strategy: strengthen or create new collaborations with Third parties,
extend its ecosystem to reach more Third parties;
g benefits: learning about innovative products and services technology needs by Third
parties. Learning about start-ups, SMEs, midcaps business case constraints. Identification of the next technologies to develop. Learning about innovation management needs
to adopt innovation.

36 months

FED4SAE
at a glance
Project Coordinator
CEA-Leti (FR)
Partners
AT: AVL
CH: CSEM
DE: Fraunhofer, Fortiss
ES: UNICAN
FR: BLUMORPHO, CEA-Leti,
STMicroelectronics, Thales
HU: DME
IE: Intel
IT: STMicroelectronics
SE: KTH
UK: Digital Catapult

Total budget
e 7.6 m.
EC Contribution
e 6.9 m.
Contract Number
761708

Isabelle Dor,
isabelle.dor@cea.fr
Pierre-Damien Berger,
pierre-damien.berger@cea.fr
Didier Belot,
didier.belot@cea.fr
TRL
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Leti in FESTIVAL

© Fotolia
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H2020-EUJ-4-2014
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FESTIVAL
FEderated interoperable SmarT ICT
services deVelopment And testing
pLatforms
The development of the Internet of Things is set to have a strong impact on many aspects of society. Test-beds and experimental facilities,
both of small scale and up to city scale, will be an essential enabler to
facilitate the development of this vision. Facilitating the access to these
test-beds to a large community of experimenters approach is a key
asset to the development of a large and active community of application
developers, necessary to address the many challenges faced by European and Japanese societies. FESTIVAL project’s vision is to provide
IoT experimentation platforms providing interaction facility with physical environments and end-users, where experimenters can validate
their Smart ICT service developments in various domains such as smart
city, smart building, smart public services, smart shopping, participatory sensing, etc. FESTIVAL testbeds will connect cyber world to the
physical world, from large scale deployments at a city scale, to small
platforms in lab environments and dedicated physical spaces simulating real-life settings. Those platforms will be connected and federated
via homogeneous access APIs with an “Experimentation as a Service”
(EaaS) model for experimenters to test their added value services. There
have been long years of research work in Europe and Japan on federation of testbeds and more recently on IoT testbeds. FESTIVAL will
as much as possible make reuse of existing software and hardware
available in Europe and in Japan for building such testbeds. Mutually
applying European enablers for Japanese testbeds and vice versa in
real-life trials that the project will organize, FESTIVAL will bring have a
strong impact in bridging the gap among the aforementioned component technologies. FESTIVAL, as a common testbed infrastructure for
efficient communication and collaboration among stakeholders, will
push European and Japanese IoT testbeds and their practices one step
beyond the current state of the art.

36 months
Oct. 2014 > Sep. 2017

FESTIVAL at a glance
Project Coordinator
CEA-Leti (FR),
Osaka University (JP)

CEA-Leti is coordinator on the project’s European side. On a technical level, the institute
is providing its IoT data collection and processing platform, sensiNact. This comprises a
software platform allowing collection, processing and redistribution of IoT data relevant
to improving people’s quality of life through various applications from domains such
as smart city, smart home, smart transport, etc. The sensiNact platform provides programming interfaces for different data access modes (on-demand, periodic, historic,
etc.) as well as application development and deployment for easily and rapidly building
innovative applications on top of it.
The sensiNact platform has been used in the project as a federator of IoT testbeds by
generating data from IoT devices deployed at different testbeds at Santander city, two
train stations in Osaka, experimental smart homes on CEA-Leti premises and in Japan,
etc. As a result, experimenters (including those external to the project) are offered
uniform, federated access to this rich set of European and Japanese IoT resources
via a unique tool. Experimenters are therefore able to use, compose and extend these
resources for developing and testing applications in close-to-real conditions in a
multi-device, multi-protocol and multi-cultural environment.
CEA-Leti has also involved its Art & Science division through a video-maker artist, who
interprets big data generated by the platform and reflects it in his art work.
Led by CEA-Leti, the FESTIVAL project consortium constitutes the core of the Urban
Technology Alliance, a working group created in Eclipse Foundation, which will bring
together various worldwide stakeholders in the smart city domain.

Publications

Partners

• “FESTIVAL: Towards an
intercontinental federation
approach”, J. Galache, J. Santana,
T. Akiyama, L. Gurgen, M. Matsuoka,
M. Maggio, S. Murata, 7th EAI
International Conference on Mobile
Networks and Management.
Santander, Spain. 2015.
• “FESTIVAL: Design and
Implementation of Federated
Interoperable Smart ICT Services
Development and Testing Platform”,
T. Akiyama, S. Murata, K. Tsuchiya,
T. Yokoyama, M. Maggio, G. Ciulla,
J. R. Santana, M. Zhao, J. Botelho Do
Nascimento, L. Gürgen, Journal of
Information Processing Vol. 25 (2017)
pp. 278-287.

ES: Santander Municipality,
University of Cantrabria
FR: Easy Global Market,
Inno TSD, Sopra Steria
IT: Engineering Ingegneria
Informatica Spa
JP: ACUTUS, JCOMM, JRISS,
Knowledge Capital, Kyoto Sangyo
University, Osaka University,
Ritsumeikan University

Total budget
e 3 m.
EC Contribution
e 1.5 m.
(+ 1.5 m. contribution
from Japanese NICT)
Contract Number
643275

© Festival consortium

Levent Gürgen,
levent.gurgen@cea.fr
Dider Belot,
didier.belot@cea.fr
TRL
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http://www.gateone-project.eu

Leti in the GATEONE-project
CEA-Leti BRINGS TO THE PROJECT:
g a unique portfolio of Smart System technologies selected for their differentiation, IP
and maturity;
g innovation methodology including needs identification, usage approach, usage case
analysis, creation of industrial product/process value through Key Enabling Technologies and building of a suitable innovation value chain to foster market entry;
g strong team commitment, experience in SME partnership and in Start-up support.
CEA-Leti can provide selected EU SMEs with up to 16 demonstrators for identified,
promising usage cases and market segments.
The SME assesses demonstrator performance characteristics to validate their business
model and initiate the new product innovation process.
The number of demonstrators relates to CEA-Leti’s commitment to the «Come Win
Marketplace» service.

©CEA-Leti

EC Programme

H2020 ICT-02-2014
Smart System Integration

https://smartanythingeverywhere.eu/

Keywords

Demonstrator
Innovation
Internet of Things (IoT)
Product innovation process
RTO
Smart system
SME

GATEONE-project
Innovation Service for European
Smartization by SMEs

Jan. 2015 > Dec. 2017

FREE EVALUATION PROGRAM OF DEMONSTRATORS for SME’s
The objective of gateone-project is to accelerate smart systems adoption by European SMEs in facilitating their access to advanced technologies for the development of innovative and smart solutions.
GATEONE-project offers Innovation as a Service to the benefit of SMEs
in structuring a complete and adapted innovation chain to:
g demonstrate to European SMEs the strength of smart system Key
Enabling Technology to create sustainable differentiation on their
market.
Motivate SME’s engagement in radical and disruptive innovation in a
techno-push approach to consolidate a business case.
g generate innovation opportunities for SMEs while reducing and managing their investment risk:
• GATEONE-project enables state-of-the-art technology assessment by SMEs with free of charge demonstrators;
• GATEONE-project ensures introduction to potential production
partners when required.

GATEONE-project
at a glance

GATEONE-project has the vision to make smart systems technologies
accessible as solutions to non-expert SMEs: newcomers to invest in
smart systems technologies, traditional European industries that are
not familiar with smart systems or innovation.
GATEONE-project aims to position SMEs as key players of the
European industry smartization to strengthen Europe competitiveness.

Total budget
e 6.7 m.
EC Contribution
e 5.4 m.

This innovation action aims to generate a structured dialogue through
concrete collaborations between the research community (research
centers and academics) and SMEs.
GATEONE-project contributes to define best practices at a Pan European level and a sustainable framework for RTOs and SMEs collaborations.
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OUTCOMES
Eight demonstrators have already been launched in conjunction with European SMEs
and the following five have been developed and are being tested by SMEs:
g «Secureloc» for Swiss SME ALRIDE is an autonomous localization system for the
mountain rescue market - Product: backpack-integrated airbags - Usage case: airbag
inflates in an avalanche and simultaneously activates the SECURELOC system, which
transmits an audio message on the PMR446 radio wave standard;
g «Autonomous Flowmeter» for French SME ITK. An autonomous agricultural flowmeter - Product: energy harvesting flowmeter for generating enough long-range communication power - Usage case: agricultural irrigation management and chemical, pharmaceutical and food industry process monitoring;
g Multi Sensor Wearable Device: a bracelet integrating sensors to monitor continuously
chronic diseases based on reliable accelerometer, magnetometer, SpO2 level (HR delivery) and skin temperature measurements;
g «Smart Soles»: energy harvesting for Start-up R’Cup. A 3D printed insole; which uses
only kinetic movement to create enough power for the device to measure and transmit
step counting data; based on a holistic approach CEA-Leti has designed the energy
transfer module and low-power architecture to provide various measurement features
in a future product;
g «Cassius»: connecting boxing gloves for SMEs Sportcom, Internet Force 5 and
Moovlab. CEA-Leti’s broad IP in gesture recognition has enabled design a demonstrator
of a brand new training approach. The institute very rapidly developed this glove-integrated functional demonstrator and the concept can now be demonstrated to users,
while acquiring their feedback. This is the starting point for minimum viable product
development. Three demonstrators are still under development and will be delivered to
the SMEs for testing in 2017 and for potential development studies.

36 months

Project Coordinator
CEA-Leti (FR)
Partners

CH: CSEM
DE: Fraunhofer IPMS
ES: Ikerlan-IK4
FI: VTT Technical Research Centre
of Finland
FR: Blumorpho, LAAS- Centre
National de la Recherche
Scientifique, CEA-Leti
IE: University College Cork,
National University of Ireland, Cork
UK: Universiy of Teesside

Publications
• “Watzr Flow energy harvesters for
autonomous flowmeters”,
S. Boisseau, AB. Duret, M. Perez,
E. Jallas, PowerMEMS 2016, Paris,
6-9/12/2016.
The smart boxing gloves demo will be
showcased during the next CES event
in Las Vegas.

Isabelle Chartier,
isabelle.chartier@cea.fr

Contract Number
644856

Bernard Strée,
bernard.stree@cea.fr
TRL
Set of ACTISENS
devices.

©CEA-Leti

©CEA-Leti
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Leti in iCspec
CEA-Leti has designed and realized integrated beam combiners for three different
wavelength domains based on specifications agreed by the project partners.
g A specification dedicated to a continuous spectral domain around 6.8μm.
g A specification dedicated to a monitoring system operating at 9 specific wavelengths
around 3.4μm.
g A more prospective specification dedicated to a broad spectral domain around 9μm.
CEA-Leti is currently performing characterization and will soon deliver selected
samples for prototyping. It has also developed, tested and delivered an ASIC capable
of driving the QCL array and is currently developing a modified version of this ASIC for
the ICL array.

© Fotolia-photollurg
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H2020 SPIRE-01-2014 Integrated Process Control

Keywords

Gas analyser
ICL-array
Mid infrared
QCL-array
Spectroscopy

iCspec
In-line Cascade laser spectrometer
for process control
Real-time measurements of multi-components in process streams
respond to long demanded industry requirements of fast, accurate,
reliable and economical process analyzers. The rise of such -yet unavailable– systems will lead to a paradigm change throughout the process control and production chain. iCspec focus on the development
of compact, robust and maintenance-free sensors for fast in-line
multi-species chemical composition measurements for process analytics of many technically relevant gases such as hydrocarbons. The
projected sensors will replace state-of-the-art systems of elevated
cost and pollution. We will extend established laser-based in-line gas
sensing to the mid-infrared “chemical fingerprint” spectral range for
multi-species detection.
The developments base upon two key technologies: (1) The integration of mid-IR laser arrays and (2) the advancement of spectroscopic
and chemometric data evaluation. Demonstrators will be integrated in
the control loop of a petro-chemical plant allowing significant improvements as optimized product quality, minimized waste and thus less
environmental pollution and increased safety in cases where hazardous conditions have to be detected without delay.

36 months
Apr. 2015 > Mar. 2018
Publications

iCspec
at a glance
Project Coordinator
Siemens (GE)
Partners

FR: III-V Lab, CEA-Leti, Mirsense

Total budget
e 5.5 m.
EC Contribution
e 5.5 m.
Contract Number
636930

Multi-wavelength
combiner integrated on
silicon based on AWGs
(Array Waveguide
Gratings) on its sticky
film just after dicing.
Chip size is 20mm by
20mm and includes
two AWGs above test
structures for
characterization
purpose.

© CEA-Leti

•“Integrated TDLS-Gassensors from NIR to MIR”, A. Popescu,
6th Gassensor-Workshop, 9 Sept.
2015, Freiburg, Germany.
• “Trace gas sensing - challenges
and opportunities of an emerging
application area for novel semiconductor lasers”, A. Forchel, 21st
International Conference on Electronic
Properties of Two-Dimensional
Systems (EP2DS-21), 26-31 July
2015, Sendai, Japan.
• “Mid-Infrared (~2.8 um to ~7.1 um)
Interband Cascade Lasers”,
S. Höfling, R. Weih, M. Dallner,
J. Scheuermann, L. Naehle, M. Fischer,
J. Koeth, M. Kamp, SPIE Optics +
Photonics, 9 – 13 Auguts 2015,
San Diego, USA.
• “Multiplexing photonic devices
integrated on a silicon/germanium
platform for the mid-infrared”,
P. Labeye, A. Koshkinbayeva,
P. Barritault, O. Lartigue, M. Fournier,
J.-M. Fedeli, S. Garcia., S. Nicoletti,
L. Duraffourg, SPIE Photonics West, 28
Jan. - 2 Feb. 2017, San Francisco, USA.

Pierre Labeye,
pierre.labeye@cea.fr
Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
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http://www.indeal-project.eu/

Leti in InDeal
CEA-Leti’s main contribution to InDeal is development of energy harvesting solutions to
supply in-line intelligent water meters. Water flow and thermal energy harvesting will
be evaluated. Energy harvesters enable flow meters to operate for years without human
intervention to replace their batteries. This supports eco-design principles since it limits
the quantity of batteries thrown away.

NEW

Water flow energy harvesters are based on micro-turbines (cm²) capable of operating at
mL/s or L/min to comply with the compatibility requirements of building environments.
The micro-turbines will be designed and optimized for this application. Industrialization
opportunities will be qualified. Water flow energy harvesters will be tested in District
Heating and Cooling System (DHCS) water pipes. The power management circuit, which
converts the raw AC (Alternating Current) output power of microturbines into a viable DC
(Direct Current) supply source for Wireless Sensor Nodes, will be designed and optimized
for maximum micro-turbine conversion efficiency with respect to water flows. The thermal energy harvesters will be based around Seebeck units controlled by efficient power
management circuits capable of operating down to 50-100mV. The energy harvesters
with their power management circuits will be supply sources that are compatible with
sensor, microcontroller and Radio Frequency (RF) chip requirements.

© Fotolia-naypong

EC Programme

H2020-EE-13-2015 Technology for district
heating and cooling

Keywords

Energy harvesting
Internet of Things (IoT)
Smart building
Water distribution

InDeal
Innovative Technology for District
Heating and Cooling
Challenged by climate change, and coupled with the need to secure
sustainable economic growth and social cohesion, Europe must
achieve a genuine energy revolution to reverse present-day unsustainable trends and live up to the ambitious policy expectations. A
rational, consistent and far-sighted approach to heating and cooling
is key for ensuring such transformation. Toward this direction, district
heating and cooling systems need to be more efficient, intelligent and
cheaper. InDeal project will offer an innovative platform that will impose a fairly distribution of heating and cooling among the network’s
buildings by: (i) real – time energy consumption data gathering via artificial intelligent meters, (ii) identifying and evaluating the network’s
buildings’ need and demand for heating and cooling depending to
their energy efficiency, energy consumption and type of building (EDP
tool), (iii) predicting the short-term and long-term weather conditions
and forthcoming need for heating and cooling (EDP tool), (iv) monitoring and control the level of energy stored in network’s storage stations and substations (SMT), (v) 24/7 monitoring of the DHC system
by a central control platform and (vi) minimizing heat losses via novel
pipe design solutions and innovative insulation materials. The target
of InDeal is to turn the current DHCS into a new next-level automated
DHCS that will guarantee the increase of the overall energy efficiency of the system accomplishing a fairly distribution of heating and
cooling energy demands. In light of this, InDeal will make a significant step forward contributing to wider use of intelligent district heating and cooling systems and integration of renewables, waste and
storage.

33 months
Jun. 2016 > Mar. 2019

InDeal at a glance
Project Coordinator
City University (GB)
Partners

CY: CETRI
ES: CEMITEC
FI: Net
FR: CEA, SNCU
GB: City University
GR: CERTH
PL: Iznab, Promar
SI: Energetika

Total budget
e 2 m.
EC Contribution
e 2 m.
Contract Number
696174
Water flow energy
harvester concept.

© CEA-Leti

Elise Saoutieff,
elise.saoutieff@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL
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http://iof2020.eu/

Leti in IoF 2020
CEA-Leti is providing its IoT data collection and processing platform, sensiNact, which
allows building interoperable services and applications in the smart farming domain. sensiNact is an open platform which is result of several European projects such as BUTLER,
ClouT, OrganiCity and FESTIVAL and already validated in various application scenarios
within those projects. The IoF2020 project gives the opportunity to validate this European
platform in the smart farming domain with a large scale deployment. CEA will be one of
the main promoters of the project achievements to its industrial partners and to its other
ongoing and future IoT and smart farming related projects.

NEW

© Fotolia-kirahoffmann
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Keywords
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IoF
2020
Internet of Food & Farm
The IoF2020 project is dedicated to accelerate adoption of IoT for securing sufficient, safe and healthy food and to strengthen competitiveness of farming and food chains in Europe. It will consolidate Europe’s
leading position in the global IoT industry by fostering a symbiotic ecosystem of farmers, food industry, technology providers and research
institutes. The heart of the project is formed by 19 use cases grouped
in 5 trials with end users from the Arable, Dairy, Fruits, Vegetables and
Meat verticals and IoT integrators that will demonstrate the business
case of innovative IoT solutions for a large number of application areas.
A lean multi-actor approach focusing on user acceptability, stakeholder
engagement and sustainable business models will boost technology
and market readiness levels and bring end user adoption to the next
stage. This development will be enhanced by an open IoT architecture
and infrastructure of reusable components based on existing standards
and a security and privacy framework. Anticipating vast technological developments and emerging challenges for farming and food, the
4-year project stays agile through dynamic budgeting and adaptive
decision-making by an implementation board of representatives from
key user organizations. A 6 M€ mid-term open call will allow for testing intermediate results and extending the project with technical solutions and test sites. A coherent dissemination strategy for use case
products and project learnings supported by leading user organizations
will ensure a high market visibility and an increased learning curve.
Thus IoF2020 will pave the way for data-driven farming, autonomous
operations, virtual food chains and personalized nutrition for European
citizens. In brief, the main objective of the IoF2020 Large-Scale-Pilot is
to foster take-up of IoT in the European farming and food domain by demonstrating the business case of IoT for a large number of application
areas in farming and food; integrating and reuse available IoT technologies by exploiting open architectures and standards; ensuring user
acceptability of IoT solutions in farming and food by addressing user
needs, including security, privacy and trust; ensuring the sustainability
of IoT solutions beyond the project by validating the related business
models and setting up an IoT Ecosystem for large scale take-up.

CEA-Leti is in particular involved in the wine optimization process use case, which utilises
IoT technology to monitor accurate weather conditions in real time, vine conditions (such
as grape detection, phenological stages determination, and disease status characterisation) and key cellar conditions, thereby demonstrating the potential benefits of these new
cultivation methods.

48 months
Jan. 2018 > Dec. 2020

sensiNact platform will be used in the use case to aggregate data coming from IoT devices deployed in 5 vineyards and 4 wineries in the area of Bordeaux, France. A wide
variety of physical devices, equipped with LORA connectivity, will be connected to sensiNact. The list of devices includes weather stations, temperature and humidity devices,
water flow and energy consumption devices. sensiNact will provide an easy monitoring of
the measurements, detection of emergency situation, etc. and will allow the exploitation
of the collected data by the vineyard owner for better managing their resources.

IoF 2020 at a glance
Project Coordinator
Wageningen University
and Research
Partners
(70 partners:http://www.iof2020.
eu/about/partners)
CEA-Leti is mainly involved in Wine
optimisation use case in Bordeaux
with the partners:
Bordeaux INP - IMS Laboratory
Denis Dubourdieu Domaines
ISVEA
STMicroelectronics
Vinidea

Total budget
e 30 m.
EC Contribution
e 30 m.
Contract Number
731884
5 trials, 19 use cases.

Levent Gürgen,
levent.gurgen@cea.fr
© IoF

Didier Belot,
didier.belot@cea.fr
TRL
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http://www.lab4mems2.ite.waw.pl/

Leti in LAB4MEMS II
The Lab4MEMS II project is an opportunity for the CEA-Leti to develop knowledge and
skills in the field of Micro-Optical Electro Mechanical Systems (MOEMS) such as the
micro mirror.
The outcomes of the LAB4MEMS II project contributed by CEA-Leti are:
g the opportunity to develop a MEMS micro mirror component based on CEA-Leti
design and technology;
g developments allowing CEA-Leti to communicate on this subject (publications presented at international conferences), to be positioned and recognized as a major player
in this area;
g the possibility of using an Electro Active Polymer as piezoelectric actuation material
in a MOEMS component. The project has prompted development of a new technology
capable of integrating this type of inexpensive, low temperature process material. For
the CEA-Leti, this represents an opportunity for a new actuator material complementing its other actuator materials;
g device characterization is enabling assessment of Electro Active Polymer material
potential;
g integration of Electro Active Polymer material into technologies allows links to be
created and prompts future collaboration opportunities with Arkéma, the polymer material supplier;
g extended development of CEA-Leti’s piezoelectric actuator design skills by building
of a Finite Element Method model;
g continued collaboration with STMicroelectronics (Italy), one of the major industrial
stakeholders in the MEMS field;
g knowledge development opening the door to discussion with potential future partners
in relation to possible future contracts.

© Fotolia-peshkova
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Keywords
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LAB4MEMS
II
Micro-Optical MEMS, micro-mirrors
and pico-projectors
Lab4MEMS II focuses on launching a pilot line for Micro-Opto-Electro-Mechanical Systems (MOEMS) that merge MEMS and Micro-optics to sense or manipulate optical signals. MOEMS technologies
generally integrate mechanical, optical, and electrical systems. This
particular project goes beyond traditional MEMS to develop a pilot line
for next-generation MEMS devices augmented with such advanced
technologies as piezoelectric or magnetic materials and 3D packaging. Lab4MEMS II also features the realization of demonstrators on
the Pilot Line as a means of validating technology for miniaturization
of critical optical systems using micro-optics, micromechanics, and
microelectronics.

36 months
Nov. 2014 > Oct. 2017

LAB4MEMS II
at a glance
Project Coordinator
Okmetic OY (FI)
Partners
AT: Besi Austria
BE: KLA-Tencor
FI: Aalto University, Murata
Electronics OY, Okmetic OY, VTT,
VTT Memsfab
FR: Arkema, CEA-Leti
IT: CNR-IMM, IUNET, Politecnico
di Milano, Politecnico di Torino,
STMicroelectronics
MT: STMicroelectronics Malta,
University of Malta
NO: Polewall AS, SINTEF
PL: ITE
RO: University Politehnica
Bucharest				

Total budget
e 23.7 m.
EC Contribution
e 3.6 m.
Contract Number
ENIAC-621176-2
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LAB4MEMS wins
Best Project Award
at the European
Nanoelectronics
Forum, Dec 2016.

© courtesy ST Microelectronics

Fabrice Casset,
fabrice.casset@cea.fr
TRL
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http://www.mirifisens-project.eu/

Leti in MIRIFISENS
g Photoacoustic platform
CEA-Leti has chosen to investigate an alternative approach to implementing the entire
detection chain within a millimetric footprint through the use of commercial microphones. This photoacoustic (PA) cell, called the miniPA, is a hybrid platform for validating, at laboratory bench level, the photoacoustic model and design using commercial
MEMS. Within the scope of miniPA platform development, Leti’s work has involves
completing the entire detection chain by coupling the miniPA to a QCL and a dedicated
readout circuit, called Mirific, developed in-house.
The institute has implemented a 12-bit Lock-In Amplifier (LIA)-based readout circuit
dedicated to Photo Acoustic gas sensors. This LIA is fully integrated since it embeds
the low pass filter, the clock generation circuit and the 12-bit ADC. It has been implemented in 0.35μm CMOS technology. Its power consumption is 1.3mW under 3.3V
supply voltage and it achieves a 10nV/sqrt(Hz) input referred noise. Measured readout
circuit linearity is 1.7%.
Finally, CEA-Leti has built a complete functional chain for bench-based sub-ppm detection including the QCL source, the miniPA cell, the specific readout circuit and dedicated
software. System integration has been performed thanks to the work of mirSense, a
start-up that has decided to commercialize a detector based on these developments.

© sarunchana - Fotolia
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Keywords
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MIRIFISENS
Mid InfraRed Innovative lasers
For Improved SENSor of hazardous
substances
The mid-infrared (MIR) region is emerging as the favourite wavelength
band for a number of applications, including high sensitivity trace detection, chemical emission monitoring, process control, and biological
sensing applications. An efficient way to get precise and reliable information is to rely on spectroscopic analysis and, among the existing
technologies, Tunable Diode Laser Spectroscopy (TDLS) has been identified to be the most attractive solution due to the unique adsorption
spectrum of chemicals, allowing their unambiguous detection. In the
MIR region, the availability of Quantum Cascade Lasers (QCL) covering
a broad portion of the spectral range (MIR, 3-12μm, has recently pushed
forward the commercialisation of TDLS-based detection units.
Further technology advancements are still needed in the TDLS and
QCL domains, the crucial bottlenecks being the range of tuneability, the
footprint, power consumption & wallplug efficiency. Besides high cost
and poor versatility, these limitations set a barrier for the realisation of
powerful versatile detection units. To address these issues, MIRIFISENS
brings major technological advancements in the field of miniaturisation,
process development, heterogeneous integration and co-integration of
MOEMS functionalities.
The project exploits state-of-the-art micro and nano-fabrication techniques. The major technologic achievements proposed address the
issues of sensitivity & selectivity, multi-gas capabilities, compactness,
efficiency and cost effectiveness as specified by a number of selected
Safety & Security applications. These achievements have been tested
and validated for these applications. MIRIFISENS will deliver a new class
of sensors with superior tuneability, better portability and extended detection capabilities, changing radically the current landscape of MIR
chemical sensing spectroscopy.
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48 months
Sep. 2012 > Aug. 2016

MIRIFISENS
at a glance

g Development of QCL laser sources on Silicon
CEA-Leti has validated key steps such as molecular bonding of III-V quantum wells on
Si and fabrication of the DFB grating and the ridge. This will enable QCL fabrication on
200mm Si to reach the production line, to curtail costs and to increase yield.

Project Coordinator
Mirsense (FR)
Partners
AT: Quantared GMBH
CH: Alpes laser SA, ETH Zurich
DE: Diehl GMBH, EADS GMBH,
Fraunhofer-FhG, Neoplas control
GMBH
ES: Madrid university (CarlosIII)
FR: CEA-Leti, Mirsense, Thales SA
GB: Cascade technologies LTD
IT: AEA srl
NO: Neo AS
SE: Lunds university

Total budget
e 12.6 m.
EC Contribution
e 8.6 m.

Publications

Mini photoacoustic cell
(Differential Helmotz
Resonnator type)
termed miniPA
equipped with
commercial MEMS
microphone and signal
conditioning PCB.

© CEA-Leti

• “Challenges in the Design and
Fabrication of a Lab-on-a-Chip
Photoacoustic Gas Sensor”, A. Glière
& al., Sensors 2014, 14(1), 957-974.
• “Development of a Miniaturized
Differential Photoacoustic Gas
Sensor”, J. Rouxel & al., Eurosensors
2015, Volume 120, 2015, Pages
396–399.
• “A 1.3mw, 12-bit Lock-In Amplifier
based readout circuit dedicated
to Photo-Acoustic gas sensing”,
F. Badets & al., IEEE SENSORS 2016.

Jean-Guillaume Coutard,
jean-guillaume.coutard@cea.fr

Contract Number
317884

Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
QCL laser sources
on Si : fabrication
of the DFB grating
and the ridge.

© CEA-Leti
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Leti in MIRPHAB
Different mIR multiplexer technologies are under development or in maturation at
CEA-Leti for the 4.5μm to 12μm spectral range.
Based on SiGe gradient technology, new packages have been fabricated in view of
developing MUX with various ranges:
g 2877-3037cm-1;
g 1440-1480cm-1.
Ge technology suitable for longer wavelengths was stabilized early in the year and two
packages featuring AWG were developed in the ranges:
g 1050-1250cm-1;
g 1050-1160cm-1.

© wikimedia commons
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MIRPHAB
Mid InfraRed PHotonics devices
fABrication for chemical sensing
and spectroscopic applications
MIRPHAB is a pilot line for prototyping and production of Mid-IR devices
for the detection of chemicals in gas and liquids. MIRPHAB offers open
access to design, prototyping and fabrication of miniaturized photonics
devices.
The goal of MIRPHAB is to foster the emergence a new market segments for optical sensing by reducing the investment cost to access
innovative MIR solutions.
The main objectives of MIRPHAB are:
g to provide a reliable supply chain of mid-infrared (MIR) photonic
components for companies incl. in particular SMEs already active in
analytical MIR sensing;
g to facilitate access to innovative MIR solutions for companies (including SME) working in the field of analytical sensors by reducing investment costs by providing open access to already developed technologies
for design and test;
g to attract new companies to the field of analytical sensors, aiming to
integrate µ-sensors into their products.
Key technology breakthrough & challenge:
g miniaturization at chip/package level as key leverage tool to add
functionalities, improve performances & enforce standardization while
reducing costs;
g mix and match different technologies on the same platform.
Market potential:
g deploy new products swiftly in the market - fast track of key technological achievements into high added - value products;
g pave the way to large scale industrialization of Mid-IR spectroscopic
sensing.

To facilitate device testing, CEA-Leti introduced a new technology for fabricating
SiGe40-based grating couplers. This 4.5μm technology produces very low losses
(0.3dB/cm); grating couplers were fabricated at the end of the process.
Development of integrated microphones for mini-photoacoustic gas sensors has been
launched using an innovative design based on M&NEMS technology and this has
already been transferred to a company. A new process combining SiGe gradient waveguides and M&NEMS is under development.

48 months
Jan. 2016 > Dec. 2019

MIRPHAB
at a glance

Brokerage activity has started with an open call.
Publications

Project Coordinator
CEA-Leti (Fr)
Partners
AT: QuantaRed
BE: IMEC
CH: Alpes Laser, CSEM
FR: III-V Lab, EPIC, MirSense,
Tematys
GB: Cascade Tech., CSTG, IQE
GE: Bosch, Fraunhofer
Gesellschaft, NanoPlus
NL: Phoenix BV
NO: NEO
PL: Vigo
Integrated microphone.

Total budget
e 17.2 m.
EC Contribution
e 13 m.

Sergio Nicoletti,
sergio.nicoletti@cea.fr
Jean-Marc Fedeli,
jean-marc.fedeli@cea.fr

Contract Number
688265

Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
Wafer of Mid Infrared
Photonic Integrated
Circuits fabricated on
MIRPHAB pilot line.
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© CEA-Leti

• “Design, fabrication and
characterization of an AWG
at 4.5µm”, P. Barritault, M. Brun,
P. Labeye, J.-M. Hartmann, F. Boulila,
M. Carras, and S. Nicoletti, Opt.
Express 23, 26168-26181 (2015).
• “Impact of Non-Central Input in
N x M Mid-IR Arrayed Waveguide
Gratings Integrated on Si”,
A. Koshkinbayeva et al., IEEE
Photonics Technology Letters
28(20):1-1 · October 2016 DOI:
10.1109/LPT.2016.2587386.
• “Miniaturized differential Helmholtz
resonators for photoacoustic trace
gas detection”, J. Rouxel et al.,
Sensors and Actuators B 236 (2016)
1104–1110.

© CEA-Leti
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NEREID
NanoElectronics Roadmap for Europe:
Identification and Dissemination
The objective of this project is to elaborate a new roadmap for Nanoelectronics, focused on the requirements of European semiconductor
and applications industry, and the advanced concepts developed by
Research centers in order to achieve an early identification of promising novel technologies, and cover the R&D needs all along the
innovation chain.
The final result is a roadmap for European micro- and nano-electronics, covering all TRL levels, with a clear identification of short,
medium and long term objectives. The roadmap is divided into main
technology sectors and includes also cross-functional enabling
domains.
A proper dissemination of results takes place through the close relationship of the project with the leading European organizations in the
field of micro- and nano-electronics, and sanity checks are foreseen
during the project with the users’ world.

36 months
Nov. 2015 > Nov. 2018

NEREID
at a glance

The first year of the NEREID project has been packed with dynamic, stimulating
workshops and events that have brought together experts in a forum environment to
exchange opinions on future directions in micro- and nanoelectronics-related fields.
Careful monitoring and questioning of various user groups during these events revealed
emerging trends in nanoelectronics. As a core partner of NEREID, CEA-Leti is heavily
involved in several important sections of the NEREID roadmap, including nanoscale
FET, outside system connectivity, smart sensing, smart energy and energy harvesting.
CEA-Leti also has a secondary role in the remaining topics, which are equally important
to shaping the future of nanoelectronics R&D in Europe.
A number of roadmapping exercise outcomes were announced with publication of the
first public version of the roadmap in September 2017. We already note some important trends with respect to power semiconductors and III-V materials, for example.
SiC and GaN materials and their growing significance for electrical mobility (electric
vehicles) and solar energy (photovoltaic converters) are clearly making headway in the
marketplace. At the same time, emerging technologies, such as GaN on Silicon, may
take a market share if they arrive at the right time in the window of opportunity. Detailed forecasts of such issues are provided in the roadmap as a guidance for stakeholders in the field. Similarly, the implications of technology adoption for deploying the
IOT are highlighted in the Smart Sensors section, in which special attention is given to
European technologies and providers. The roadmap promises to be a valuable tool for
any European nanoelectronics stakeholder active in the area of nanoelectronics.

Project Coordinator
Institut Polytechnique
de Grenoble (FR)
Partners
BE: Imec
CH: EPFL
DE: edacentrum, Fraunhofer
ES: Institut Catalan de Nanoscience
and Nanotechnology
FI: VTT
FR: AENEAS, CEA-Leti, Institut
SINANO
IE: University College Cork - Tyndall
IT: IUNET, Politecnico di Torino		

Total budget
e 1.1 m.
EC Contribution
e 1 m.
Contract Number
685559

CEA-Leti

©

NEREID Advisory Board and Executive Committee, left to right
Francis Balestra (IMEP, project coordinator), Ray Wang (TSMC),
Danilo Demarchi (Polito Torino), Hiroshi Iwai (Tokyo Tech),
Jouni Ahopelto (VTT), Adrian Ionescu (EPFL), Jan Rabaey (UC Berkely),
Livio Baldi (former Micron), David Holden (CEA), Patrick Cogez
(Aeneas), Enrico Sangiorgi (IUNET), Markus Pfeffer (Fraunhofer),
Mart Graef (TU Delft), Paolo Gargini (Stanford, former Intel).
Absent Andreas Wild (former ECSEL).

Publications
• NEREID workshop at ESSDERC 2016,
Lausanne, Switzerland.
• NEREID workshop at ULIS SOI 2016,
Athens, Greece.

Didier Belot,
didier.belot@cea.fr
David Holden,
david.holden@cea.fr
TRL
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http://www.piezomat.eu/Home

Leti in PIEZOMAT
CEA-Leti’s contributions to the PIEZOMAT project embrace definition of different
layouts to be adopted based on preliminary simulations and experimental results
and taking into account the stringent requirements of industry-compatible nanowire
matrix integration.
CEA-Leti has also developed a related chip process that is compatible with all the
ensuing steps, performed at project partners’ facilities, to achieve a final device.
The institute has also coordinated and ensured smooth project management and
communication among partners.
© Fotolia- ktsdesign

EC Programme

FP7-ICT-2013-10
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and take-up of key
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Keywords
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PIEZOMAT
High Resolution fingerprint sensing with
vertical Piezoelectric nanowire Matrices
Biometrics is part of our everyday lives and is bound to become increasingly wide-spread in our society, inherently of novel intensive
smart-device-connected behaviors and networking activities which
require enhanced security measures for identification (ID) protection.
Forensic and civil identification as well as rigorous access control remain large segments of the biometrics market, whereas consumer
identification applications, notably in terms of access to banking and
health care, are emerging. Given the zero fault tolerance for these
applications, manufacturers turn towards innovative solutions for fingerprint sensors which enable large area scanning on small volume
terminals, with very high spatial resolution, using scalable and portable technologies and complying with governmental requirements.
The PiezoMAT concept is to design a new technology of fingerprint
sensor based on a matrix of inter-connected piezoelectric nanowires
(NWs). The direct consequence of integrating nano-objects rather
than conventional microsystems is to diminish the size of individual
pixels, which enables larger integration densities and thus higher spatial resolutions.

OUTCOMES:
g proposal of new, scalable, fingerprint sensor technology offering sufficient resolution to detect level 3 minutiae such as pores and ridge edges. This level of resolution reinforces considerably the reliability of fingerprint reading and enables security
reinforcement regarding biometric identification, which is in ever greater use in society’s everyday activities;
g exploitation of multidisciplinary competences in nanoscale fabrication, characterization and integration in a constructive and efficient manner. This approach responds
to the aim of ensuring the fastest possible industrial transfer of large scale production-compatible solutions;
g investigation of innovative bottom-up integration, which is unlimited to piezoelectric NWs and fingerprint sensors. Through successive technological development,
PIEZOMAT addresses wider nanotechnology integration issues and aims to validate methodologies that open up immediate and longer term ICT innovation routes
through further performance enhancement and functional diversity.

44 months
Nov. 2013 > Jun. 2017

PIEZOMAT
at a glance
Project Coordinator
CEA-Leti (FR)
Partners

DE: Fraunhofer-Institut für
Angewandte Festköperphysik,
Universität Leipzig
FR: CEA-Leti, Safran Group,
Specific Polymers
HU: Mfa Ek Mta
IR: Tyndall National Institute
LT: Kaunas University of
Technology, KTU

Total budget
e 3.9 m.
EC Contribution
e 2.9 m.
Contract Number
ICT 611019

a et b): SEM image of
contacted openings
for nanowire growth
c) SEM image of
interconnected ZnO
nanowire bundles
grown directly on-chip.

© CEA-Leti

Publications
• “Individually contacted piezoelectric
nanowires integrated onto a microelectronics chip”, E. Saoutieff, M. Allain,
Y.-R.Nowicki-Bringuier, A. Viana,
E. Pauliac-Vaujour, PiezoNEMS
workshop, Grenoble, 1st December
2016.
• “Integration of piezoelectric
nanowires matrix onto a
microelectronics chip”, E. Saoutieff,
M. Allain, Y.-R.Nowicki-Bringuier,
A. Viana, E. Pauliac-Vaujour,
Eurosensors conference, Budapest,
Hungary, September 2016.
• “PiezoMAT project”, E. Saoutieff,
M. Allain, Y.-R.Nowicki-Bringuier,
A. Viana, E. Pauliac-Vaujour,
Eurosensors conference, Budapest,
Hungary, September 2016.
• “Interconnected array of piezoelectric nanowires integrated onto a
microelectronics chip: the PIEZOMAT
project”, E. Saoutieff, M. Allain,
Y.-R.Nowicki-Bringuier, A. Viana,
E. Pauliac-Vaujour, Presentation at
NGPT 15-17 June, 2016, Rome, Italy.

Antoine Viana,
antoine.viana@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL
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Leti in SmartEES

NEW

© CEA-Liten
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SmartEEs is the European acceleration program on flexible electronics. This acceleration program help innovative companies to access new markets and grow their
business by integrating flexible electronics into products and services.
It currently has more than 35 electronics flexible solutions to design your product
(#design freedom #function integration #production agility).
Within the project, 20 experiments will take place by helping companies with this
integration. SmartEES allows accessing up to 140 000 € worth support. Experiments
submission will take place at any time and will be evaluated after the following
5 cut-off dates (March ‘18; July ‘18; Nov. ‘18; Apr. ‘19; Sept. ’19).
The main Services & Benefits of SmartEES are:
g dedicated team of technical experts and business managers;
g access to financial resources and investors;
g unique European Digital Innovation Hub on Large Area Electronics.

SmartEES
SMART Emerging Electronics
Servicing DIH
The market for organic & printed electronic products is growing at a
high level (BUS$ 23-24 in 2014) with predicted annual growth rates
of 20% in all fields. Although the use of OLAE in products is still limited and only have been commercialized by large corporates, the
number and type of products has grown significantly. These emerging
markets are a huge opportunity for the EU industry. But EU small &
mid-size companies have had only a limited access to technologies
and often lack the capabilities needed to benefit from OLAE. These
include the ability to fully understand the technological implications
and the related business implications. They need support in the translation of the OLAE technologies into innovative products, assessing
potential markets, finding investors, developing new business models
and creating the right partnerships to optimally benefit from OLAE
opportunities.
SMARTEES will be the Digital Innovation Hub dedicated to OLAE,
an organized European innovation network that provides both access to competencies and business support for innovation adoption.
SMARTEES will help the European industry to create a competitive advantage within the global economy by providing access to disruptive
OLAE technologies and innovation support in a pragmatic, operative
and efficient pan-European manner.
A one-stop-shop will be set to establish a collaborative environment
and to provide wider access to the technology at the same time as
coordinating the bespoke services and efficiently and effectively
linking them together. 20 Application Experiments will be conducted to explore the technology transfer into business, organization of
cooperation, access to finance, services to be provided and act as
showcases to raise awareness and activate potential users. The established eco-system will be harnessed by the consortium to propel
the continuity of the initiative beyond SMARTEES. This will include the
formulation of a comprehensive business plan as a strategic outcome.

In this framework, CEA-Leti’s contribution will focus on providing electronics flexible
solutions based on sensing matrices, low-power sensing platform, compatible
energy harvesting devices... CEA-Leti, together with all the involved RTOs will
support SMEs and mid-caps from all over Europe to submit experiments making
use of these solutions. CEA-Leti will also be involved in the networking activities and
sustainabilities development of the SmartEES Digital Innovation Hub.

36 months

SmartEES
at a glance

SmartEES is part of the Smart Anything Everywhere initiative together with 3 other
projects: FED4SAE (CEA-Leti’s coordination), Tetramax, Diatomics.

Project Coordinator
CEA-Liten (FR)
Partners

BE: EBN, IMEC
CZ: AMIRES
DE: Fraunhofer
ES: EURECAT
FR: BLUEMORPHO, CEA-Leti
FI: VTT
NL: TNO
UK: CPI

Total budget
e 4.8 m.
EC Contribution
e 4.5 m.

a et b): SEM image of
contacted openings
for nanowire growth
c) SEM image of
interconnected ZnO
nanowire bundles
grown directly on-chip.

© CEA-Leti

© CEA-Leti

Contract Number
761496
Bernard Strée,
bernard.stree@cea.fr
Jérôme Gavillet,
jerome.gavillet@cea.fr
TRL
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http://www.catrene.org/web/projects

Leti in TSV HANDY
CEA-Leti is a leader in process-related research.
g CEA-Leti’s main TSV HANDY project task undertaken in 2016 was to modify the
existing 300mm EVG560 bonder. Performed at EVG HQ, this operation involved adding
a coating capability to the existing tool. EVG delivered the coater tool to CEA-Leti in
August 2016. Bonding and coating capabilities of the new tool have been validated with
a polymer adhesive. The quality of the bonding process has proven to be excellent and
the resulting bonded stack has exhibited no fault (void or delamination). This has led to
a robust process suitable for production. Moreover, the coating process is operational
and provides an adhesive film without any air bubble or de-wetting areas. The bonding
process obtained from this structure is also fault-free.

© P. Avavian

EC Programme

CATRENE, call 7 (2014)

Keywords
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TSV
HANDY
Through Silicon Via Hvm
AND Yield optimisation
TSV (Through Silicon Via) is a “More-than-Moore” technology that
enables new chip architectures. Some challenges reside along the
several steps of process to make TSV products cost efficient. The project aims at supporting the HVM ramp-up and improving the yield for
manufacturing TSV products.
The challenges addressed in the project are:
g the handling of heterogeneous 300mm wafers with edge trim inspection;
g the development of metrology and new logistical concepts for
wafers on 380mm frames;
g the improvement of temporary bonding and debonding processes.
Synergies will be created with other CATRENE projects like NGC450,
SOI450, MASTER_3D.
The industrial partners intend to release new products to the market
by early 2018.

g Another sub-task has involved selecting a high-performance temporary adhesive for
use in the new EVG560 tool. To achieve this, CEA-Leti has designed a vehicle test and
has identified a polymer adhesive compatible with high temperature processes. It has
demonstrated that a structure bonded with the new adhesive exhibits no delamination
up to 350°C, whereas a standard adhesive delaminates at 250°C. This compound is
therefore highly promising especially for high temperature oxide deposition.

36 months
Apr.2015 > Mar. 2018

TSV HANDY
at a glance

g CEA-Leti launched the de-bonding process study in 2016. It first demonstrated that
frame de-bonding of the new adhesive was possible and would ensure a crack- or
chip-free dismounted wafer.

Project Coordinator
RECIF (FR)

g The institute is ready to supply various 300mm 3D wafers for RECIF and FOGALE in
connection with designing and testing the new inspection tool.

Partners
AU: Evg
BE: Imec
DE: Entegris
FR: CEA-Leti, Fogale, Recif, STM
PO: Nanium

Total budget
e 1.8 m.
EC Contribution
e 0.757 m.
Contract Number
152930105 EJN° 2101747881

Views of the
updated tool.

CEA-Leti

©

Publications
• “Mechanical behaviour and delamination mechanisms in temporary
bonding”, K. Vial et al, conference
ESTC 2016, Grenoble, France.
• “Debonding capacity of mechanical
debonding equipment depending on
the bonding strength of directly and
polymer bonded wafer pairs”, K. Vial
et al, conference Wafer Bond 2015,
Braunschweig, Germany.
• “Polymer bonding temperature
impact on the morphology and on
the adherence energy of the bonded
stack”, P. Montméat et al, conference
Wafer Bond 2015, Braunschweig,
Germany.
• “Development and adhesion
characterization of a silicon wafer for
temporary bonding”, P. Montméat et
al, accepted in International Journal
of Adhesives and adhesion, to be
published in 2017.

Pierre Montméat,
pierre.montmeat@cea,fr
TRL
Elaboration
of a 3D wafer.
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www.ascent.network

logo des JO plus photo de sport

Leti in ASCENT
CEA-Leti has played a pivotal role in establishing the starting community for nanoelectronic access to infrastructure. The protocols and procedures developed by CEA-Leti
and its partners for implementation in ASCENT are now in place to help stimulate
the nanoelectronics research community. These procedures allow for exchange of test
vehicles, expertise and other research results with external teams of nanoelectronics
experts in the quest for research excellence.
CEA-Leti is now providing access to test chips produced with the most advanced technology nodes based on FDSOI and nanowire technology. Stringent processing requirements governing nanoelectronics fabrication facilities at CEA-Leti make it possible to
produce advanced test structures that enable studies of device variability and quantum
effects for incredibly small geometries. Integration of novel ‘Beyond CMOS’ and ‘More
than Moore’ technologies requires non-standard processing, for example to produce
small-size nanowires. CEA-Leti also provides access to compact models, process design kits (PDKs) as well as characterization and electrical testing tools and data.

© courtesy Tyndall National Institute

EC Programme

INFRAIA-1-2014/2015

Keywords

Nanowires
Silicon-On-Insulator (SOI)

ASCENT
Access to European Nanoelectronics
Network
The ASCENT consortium provides access to advanced nanoelectronics spanning finFET, Fully Depleted Silicon-On-Insulator (FDSOI) and
flexible nanofabrication facilities. By delivering test structures and
characterization data previously inaccessible to Europe’s academic
modeling and characterization community, ASCENT provides access
to the latest nanoelectronics technologies.
The objective is to accelerate the development of advanced technology computer aided design models and tools through access to
electrical characterisation facilities and data, that are validated and
predictive for scales extending down to just a few nanometers in critical dimensions.
The project will also enable the systematic characterisation of physical and processing effects arising on length scales at and below
10 nm, and to develop design capabilities for technologies at these
length scales.
Finally, ASCENT will make all project outputs (nanoelectronic test
structures, electrical characterization access and data, TCAD models,
compact models) easily accessible to the nanoelectronics community
through a single access portal and openly available.

48 months
May 2015 > Apr. 2018

Many research groups from Europe and abroad have already made use of the ASCENT
offer. The groups that access ASCENT are required to publish the results of their work,
thereby further expanding the scientific impact of their discoveries. The expectation
is that a successful network built around the infrastructures and activities of three
major institutes will lead to long-term benefits for the entire European nanoelectronics
research community and for industry.

ASCENT
at a glance
Project Coordinator
Tyndall National Institute (IR)
Partners

BE: Imec
FR: CEA-Leti

Total budget
e 4.7 m.
EC Contribution
e 4.7 m.
Contract Number
INFRA — 654384 — ASCENT

Leti experts provide
access to equipment,
facilities and unique
know-how.

Olivier Faynot,
olivier.faynot@cea.fr
© CEA-P. Jayet

Gilles Reimbold,
gilles.reimbold@cea.fr
TRL
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Leti in COMPOSE3
CEA-Leti’s main objective is to transfer a thin InGaAs layer onto fully processed 14nm
MOSFET devices fabricated on 300mm wafers. In 2016, a milestone was achieved with
full transfer of a thin film of In0.53Ga0.47As on 14nm MOSFET devices with an SiGe
channel on 300mm wafers.
The SiGe MOSFET wafers have now been fabricated by STMicroelectronics on a 14nm
process line. After fabrication, the wafers have undergone surface preparation using
the CoolCube™ integration process flow developed at CEA-Leti. A series of deposition
and polishing steps have been implemented to achieve a planar SiO2 surface, providing suitable topology for subsequent direct bonding.

© Fotolia- shocky
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COMPOSE3
Compound Semiconductors
for 3D integration
COMPOSE3 develops 3D stacked circuits in the front end of line of
Complementary Metal Oxide Semiconductor (CMOS) technology,
based on high mobility channel materials. The final objective is a 3D
stacked SRAM cell, designed with gates length taken from the 14nm
technology node. This technology provides a new paradigm shift in
density scaling combined with a dramatic increase in the power efficiency of CMOS circuits. Our synergistic approach is based on the
use of high mobility channel materials such as SiGe and InGaAs, utilized in fully depleted metal-oxide-semiconductor field effect transistor (MOSFET), for p and n channel MOSFETs respectively. The low
processing temperatures (<600ºC) that can be used for high mobility
channels are indeed advantageous for an intimate 3D stacking. COMPOSE3 also exploits the knowledge accumulated in Europe for the
layer transfer of ultra-thin semiconductors. Wafer bonding and layer
transfer is a critical process module that will be used to enable 3D stacking of high mobility channels. The overall objectives of COMPOSE3
address the substrate, device and circuit issues. One objective is to
validate InGaAs layer transfer for implementation on 300mm wafers.
Another objective is to benchmark InGaAs nFETs with relevant contact
dimensions against planar and non-planar Si based solutions at the
14nm node and beyond. The final objective is then to integrate, on
300mm wafers, monolithic 3D CMOS circuits with 14nm node gates
based on n-type InGaAs devices on top of p-type (Si)Ge devices which
are independently optimized. COMPOSE3 is extremely well aligned
with the strategic agenda of the leading European IC manufacturer,
and also exploits its innovation for the benefit of a European SME. It
gathers the main European leaders in the advanced nanoelectronics
R&D arena.

The III-V layers have been epitaxially grown on a second 300mm Si wafer using an
MOCVD tool at CEA-Leti. The process involves growing sacrificial buffer layers of GaAs
(400nm) and InP (300nm) to compensate the crystal lattice mismatch between the Si
and the InGaAs thin film (30nm). Al2O3 and a SiN/SiO2 bilayer are deposited to optimize
electrical properties and bonding quality.

42 months
Nov. 2013 > Apr. 2017

Direct bonding of the two wafers has been achieved by surface activation by polishing
of the oxide layers and bringing the surfaces into contact. To reinforce this direct bonding, consolidation annealing at 300 °C is applied for 1 hour. The Si substrate is then
removed along with the III-V buffer, allowing access to the thin (30nm) InGaAs active
layer. The Smart Cut™ process is then implemented to remove the Si wafer to transfer
high quality InGaAs layers onto 300mm wafers for the first time.

COMPOSE3
at a glance
Project Coordinator
IBM Research GmbH (CH)

The fabricated substrates have been forwarded to our partner IBM Zürich for continued
integration of nFETs transistors on the active InGaAs layer to produce a 3D SRAM.
CEA-Leti has therefore demonstrated state-of-the-art hybrid 3D “n-over-CMOS” with
top layer InGaAs n-FinFets and bottom layer FDSOI Si CMOS with inter-layer contacts.
Utilizing Functional 3D 6T-SRAM with a denser packing than a 2D layout has been demonstrated using 3D device and interlayer stacking. This provides a robust 3D monolithic integration platform for high-mobility III-V materials and opens the door for dense
digital circuits and functional integration of RF-over-Si CMOS.

Partners
DE: DTF Technology GmbH
ES: Fundacion IMDEA Materiales
FR: CEA-Leti, CNRS, Institut
Polytehcnique de Grenoble,
Université Joseph Fourier,
STMicroelectronics
IR: University College Cork
UK: University of Glasgow

Total budget
e 4.7 m.
EC Contribution
e 3.2 m.
Contract Number
ICT-619325

HRSTEM image
realized on the
nano-characterization
platform shows the thin
In0.53Ga0.47As
(30nm) layer transferred
on a pMOSFET with
a 28nm gate length
and a SiGe channel.

• “First Demonstration of 3D SRAM
Through 3D Monolithic Integration of
InGaAs n-FINFETs on FDSOI Si CMOS
with Inter-Layer Contacts”,
V. Deshpande et al., submitted to VLSI
2017.
• “300mm high-mobility III-V layers
on insulator substrates (III-V-OI)”,
J. Widiez et al., invited paper, ICMAT,
Singapour, Juin 2017.
• “300mm high-mobility layer-on
insulator substrates (III-V-OI)”,
J. Widiez et al., invited talk, ESSDERC,
Lausanne, Septembre 2016.
• “InGaAs thin film directly grown
on 300mm Si(100) standard
microelectronic wafers for InGaAs-OI
wafer fabrication”, T. Baron et al.,
Invited paper, Wodim, Italie, Juin 2016.
• “InGaAs-OI Substrate Fabrication
on a 300mm Wafer”, S. Sollier et al.,
Journal of Low Power Electronics and
Application, 6, 19, 2016.
• “300mm InGaAs-on-insulator
substrates fabricated using direct
wafer bonding and the Smart
Cut™ technology”, J. WIdiez et al.,
Japanese Journal of Applied Physics
55, 04EB10 (2016).
• “First demonstration of 300mm
InGaAs-On-Insulator substrates
fabricated using the Smart Cut™
technology”, J. Widiez et al., SSDM
conference, Sapporo, Septembre
2015.
• “300 mm InGaAs-OI Substrate
Fabrication using the Smart Cut™
Technology”, S. Sollier et al., S3S
conference, Octobre 2015.

Julie Widiez,
julie.widiez@cea.fr
TRL
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Leti in EuroCPS

© EuroCPS-Infineon
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EuroCPS
European network of competencies and
platforms for enabling SMEfrom any
sector building innovative CPS products
to sustain demand for European
manufacturing
EuroCPS is an ambitious and holistic project aimed to arm Europe with
a network of design center boosting and initiating synergies between
SMEs, major CPS-platforms and competency providers to capture the
emerging market of CPS products.
EuroCPS will:
g leverage on existing regional ecosystem to bring the full value chain
(from micro-electronics, smart systems, CPS to high value added product and services) and put all the necessary expertise and competences to provide SMEs from any sector with an easy path to build
innovative CPS-enabled system;
g act as a one stop shop to provide critical mass of technologies
and competencies by facilitating user-supplier partnerships across
value-chains and regions. Hence the typical development time of
SMEs for CPS applications will be significantly decreased through the
ease of access to the platforms and the coaching by the competence
partners within EuroCPS;
g link SW, system and nano-electronic industries along the CPS value
chain to demonstrate a new cooperation model evidenced by 30 novel experiments initiated and led by SMEs translating the rich pool of
ideas from end users to the implementation of EuroCPS applications
made in Europe.
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36 months
Fev. 2015 > Jan. 2018

EuroCPS at a glance
Project Coordinator
CEA-Leti (FR)

CEA-Leti is the project coordinator of EuroCPS project. in conjunction with project
partners, it has successfully organized 3 open calls and an industrial experiment selection process.
In total, 34 industrial experiments have been retained from more than 118 high quality
applications. These 34 experiments are located in 11 different European countries, two
of which are not directly represented by a EuroCPS partner. 80% of experiments are
cross-border, which demonstrates the efficiency of the new EuroCPS cooperation model in initiating and boosting synergies between SMEs, major CPS platforms and CPS
skills providers from different European countries.
In addition to its project coordination work, CEA achieved its objective of 7 selected industrial experiments split between CEA-Leti and CEA-List institutes. These experiments
concern different technical fields ranging from new technological brick development
(by facilitating access to FD-SOI technology) to system integration of different CPS domains including communication protocol, indoor localization, low-power sensing node,
etc. The most advanced industrial experiments and the expertise and technological
development for SMEs provided by the two CEA institutes bear witness to gains in SME
competitiveness through early adoption of emerging technologies. Further collaborations (e.g. common laboratories) extending beyond EuroCPS are therefore expected.
The high quality of industrial experimentation has prompted presentation of scientific
publications at top ranking international conferences (e.g. ISSCC).
Within the scope of the EuroCPS project, CEA-Leti and CEA-List are demonstrating their
capacity to curtail SME innovation risk and reduce CPS development time.

Partners

AT: AVL, Infineon
DE: FinePower, Fraunhofer
FR: CEA-List, ST-F, Thales
HU: BME
IE: Intel
IT: UNIBO, ST-I
NL: HTNL
UK: Digital Catapult

Total budget
e 9.2 m.
EC Contribution
e 8.2 m.
Contract Number
H2020-ICT-2014-1 / 644090

Publications
• First open call to SMEs and new
entrants for industrial experiments,
may 2015.
• Second open call to SMEs and new
entrants for industrial experiments,
october 2015.
• Third open call to SMEs and new
entrants for industrial experiments,
may 2016.
• The smart anything everywhere
initiative, june 2016.

Olivier Thomas,
olivier.thomas@cea.fr
Marc Duranton,
marc.duranton@cea.fr
TRL
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www.euroserver-project.eu

Leti in EUROSERVER
The founding principle of EUROSERVER is to design of scale-out architecture, i.e. use
of multiple simpler computing nodes. Integration of multiple cores in one package is
therefore a critical issue. The project partners have considered three options to deal
with integration: 1/ an active silicon interposer, 2/ a passive silicon interposer and, 3/
an organic interposer. The organic interposer was selected in early 2015 and this decision is discussed and detailed in a memo entitled «Impact of Technology Change per
partner» issued in June 2015.
During 2016, interest in chiplet commercialization increased dramatically and this led
CEA-Leti and ST to analyze possibilities of EUROSERVER chiplet industrialization. This
development roadmap called for additional design efforts to ensure that the compute
node/chiplet was industrially viable (improved DFT, upgrade of high serial links, ROOM
boot, lower power modes, security, etc.).

© Euroserver consortium 2017
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EUROSERVER
Green Computing Node

This meant that the commercialization objectives were not compatible with the EUROSERVER schedule/roadmap as defined in the Amendment 2 (July 2015). Amendment
3 was therefore drafted, submitted and accepted in April 2016. Its main features were
non-availability of the HW prototype by ST and cancellation of all associated tasks
(board integration specification, CEA-Leti development of RDMA, integration into organic interposer, scaling and structure of new package). These tasks were mainly managed by CEA-Leti and ST. During the early months of 2016, CEA-Leti and ST worked
jointly to finalize tasks involving the integrated system design (mainly functional verification and routing) and this led to finalization of the SiP physical instance. Full co-design activities between the CEA-Leti design team and the ST package team started in
2015 and continued through 2016, focusing on full SiP feasibility analysis. The results
of these tasks were detailed in two deliverables. As described in Amendment 3, the
CEA-Leti task involves principally project coordination. 2016 saw the signing of a cooperation contract with start-up Kaleao in the domain of 3D advanced packaging for
micro-servers.

41 months

or European Micro-Servers

Sept. 2013 > Jan. 2017

Data-centres form the central brains and store for the Information Society and are a key resource for innovation and leadership. The key
challenge has recently moved from just delivering the required performance, to include consuming reduced energy and lowering cost
of ownership. Together, these create an inflection point that provides
a big opportunity for Europe, which holds a leading position in energy
efficient computing and market prominent positions in embedded
systems.
EUROSERVER is an ambitious and holistic project aimed to arm Europe with leading technology for conquering the new markets of cloud
computing:
g capitalise on the European strength in embedded and low power
computing to provide an innovative combined architecture-and-technology integration platform that enables the reuse of highly-integrated;
high-performance, energy-efficient component subsystems in a micro-server solution suitable across both cloud data-centres and embedded application workload;
g perform a combined architecture-technology exploration that creates
the hardware and the software for micro-server based computing in
support of cloud-based and embedded applications;
g evidence this architecture in a data-centre grade low-power physical micro-server prototype solution utilizing advanced ARM IP, industry
leading FD-SOI fabrication technology, and state of the art 2.5D device
integration technologies and prove the advantages of these European
technologies as the enabler of next generation, low-cost, power-efficient, high-density compute.
The EUROSERVER consortium brings together world-class leaders
in their own fields and creates the critical-mass required to deliver
«More than Moore» solutions. A unique differentiator of EUROSERVER
is its broad access to the required industrial technologies and specialised academic support. The potential impact of EUROSERVER is therefore very high to competitively accelerate and improve the delivery of
energy-efficient computing worldwide.

EUROSERVER
at a glance
Project Coordinator
CEA-Leti (FR)
Partners

DE: Technische Universität Dresden
ES: Barcelona Supercomputing
center
FR: CEA-Leti, STMIcroelectronics
Crolles 2 SAS, STMicroelectronics
Grenoble 2 SAS, STMicroelectronics SA
GB: ARM Limited
GI: ONAPP Limited
GR: Foundation for Research
and Technology Hellas
IT: NEAT Srl
SE: Chalmers Tekniska Hoegskola
AB

With regard to the overall project, the “compute-node” board was manufactured in
2016 based on the design specification drafted in 2015. Board prototypes have been
designed, manufactured and made available to EUROSERVER partners for running performance evaluation tests. The board prototype includes an SiP instance, a field-programmable gate away (FPGA) and usual components such as memory, network
adaptor, etc. Dedicated SW developments (memory compression, optimized memory
management, MicroVisor, OpenStack VM manager and VMs management, workloads,
etc.) were undertaken in parallel. All developments were successfully ported on dedicated evaluation platforms enabling us to run successful performance evaluation tests
and prepare an integrated demonstration for the final review in early 2017.

Total budget
e 11.5 m.
EC Contribution
e 8.2 m.

Publications
Organization of two workshops :
• “Greencomputing Node for
European Micro-Servers” at HiPEAC
2015 and
• “EUROSERVER: Assessment and
Perspective for the Future of Energy-Efficient Servers” at HiPEAC 2017.
35+ communications and conference
papers.

Isabelle Dor,
isabelle.dor@cea.fr
Denis Dutoit,
denis.dutoit@cea.fr

Contract Number
GA n° 610456

Marc Duranton,
marc.duranton@cea.fr
TRL
EUROSERVER
board protoype.
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67

http://exanode.eu/

Leti in ExaNoDe
CEA-Leti’s primary objective is to demonstrate design building blocks for a High Performance Chiplet-based Compute node designed, manufactured and assembled with an
energy-efficient Interposer to build the ExaNoDe 3D Integrated Circuit (3D-IC). Special
attention has been given high-bandwidth, energy-efficient integration of the Chiplets
with the appropriate backbone interconnect.
The plan for the CEA-Leti-designed ExaNoDe 3D-IC is to integrate multiple Chiplets
into a silicon interposer using ExaNoDe-refined power-efficient Chiplet-to-Chiplet interconnects. This resulting 3D-IC die can be scaled out by integrating multiple dies into
a package substrate within a Multi-Chip Module.

© CEA DAM

EC Programme
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ExaNoDe
European Exascale Processor
Memory Node Design
ExaNoDe will investigate, develop integrate and validate the building
blocks (technology readiness level 5) for a highly efficient, highly
integrated, multi-way, high-performance, heterogeneous compute
element aimed towards exascale computing. It will build on multiple
European initiatives for scalable computing, utilizing low- power processors and advanced nanotechnologies. ExaNoDe will draw heavily
on the Unimem memory and system design paradigm defined within
the EUROSERVER FP7 project, providing low-latency, high-bandwidth
and resilient memory access, scalable to Exabyte levels.
The ExaNoDe compute element aims towards exascale compute
goals through:
g integration of the most advanced low-power processors and accelerators (across scalar, SIMD, GPGPU and FPGA processing elements)
supported by research and innovation in the deployment of associated
nanotechnologies and in the mechanical requirements to enable the
development of a high-density, high-performance integrated compute
element with advanced thermal characteristics and connectivity to
the next generation of system interconnect and storage;
g undertaking essential research to ensure the ExaNoDe compute
element provides necessary support of HPC applications including
I/O and storage virtualization techniques, operating system and semantically aware runtime capabilities and PGAS, OpenMP and MPI
paradigms;
g the development of a hardware emulation of interconnect to enable
the evaluation of Unimem for the deployment of multiple compute
elements and to leverage the potential of the ExaNoDe approach for
HPC applications.
Each aspect of ExaNoDe is aligned with the goals of the ETP4HPC.
The work will be steered by first-hand experience and analysis of
high-performance applications and their requirements; investigations
being carried out with “miniapplication” abstractions and the tuning
of their kernels.

Integration technologies have enabled CEA-Leti to design low-power Ultra- and ShortReach interconnects to provide a high-density, high-performance, fully integrated computing device.

36 months
Oct. 2015 > Sep. 2018

ExaNoDe uses Multi-Chip-Module (MCM) packaging technologies to integrate several
interposers with an FPGA die for IO peripherals.
The interposer itself is fabricated using proven and mature technology, while the compute chiplets are supplied using advanced process technology to ensure competitive
performance and a low-power budget.

ExaNoDe at a glance
Project Coordinator
CEA-Leti (FR)

One of the CEA-Leti objectives is to ensure compatibility with a prototyping supply
chain for the multi-chip modules produced within the scope of the project. These multi-chip modules integrate chips produced by FPGA vendor (Xilinx) as well as chips
assembled within the project as Chiplets on an active silicon interposer.

Partners

CH: Eth Zurich
DE: Fraunhofer ITWM,
Juelich, Scapos
ES: Barcelona Supercomputing
Center
FR: Atos-Bull, CEA-Leti, Cnrs,
Kalray, Vosys
GB: Arm, University of Manchester
GR: Forth

Total budget
e 8.6 m.
EC Contribution
e 8.6 m.

© CEA-Leti

Contract Number
671578
Denis Dutoit,
denis.dutoit@cea.fr
Didier Belot,
didier.belot@cea.fr

ExaNoDe chiplet.
© CEA-Leti

TRL

ExaNoDe 3D Integrated Circuit.

© CEA-Leti
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www.montblanc-project.eu

Leti in MONT-BLANC2
Within the scope of the Mont-Blanc 2 project, CEA-Leti is involved in defining and
analyzing the computing node architecture based on its experience in multicore system design and advanced technology integration. The main task consists in exploring
different 3D integration solutions by taking into account technological, design and performance constraints. The contributions are focused on various aspects of:
g technology characterization (including 3D memories);
g 3D architecture exploration (including tools and methodology);
g hardware complexity evaluation for memory coherency support.
© provided by BSC
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MONT-BLANC2
European Scalable and Power Efficient
HPC Platform based on Low-Power
Embedded Technology
The Mont-Blanc2 project aims at developing a European Exascale
approach leveraging on commodity power-efficient embedded technologies. The project has developed a HPC system software stack on
ARM, and deployed the first integrated ARM-based HPC prototype in
2014, and is also working on a set of 11 scientific applications to be
ported and tuned to the prototype system.

During the project, CEA-Leti has performed the following feasibility studies and architectural analyses to optimize selection of available technologies based on performance
and cost constraints:
g integration specification of Hybrid Memory Cube (HMC) in an AMBA-based SoC;
g selection of chip-to-chip interconnection solutions within a integration context;
g performance estimation based on 3D physical exploration of different architectural
options;
g physical floorplan of different partitioning options for computing node within a silicon
interposer integration context;
g cost analysis for different computing node partitioning levels.

40 months
Oct. 2013 > Jan. 2017

MONT-BLANC2
at a glance
Project Coordinator
Barcelona Supercomputing
Center (ES)
Partners

The Mont-Blanc 2 proposal has 4 objectives:
g to complement the effort on the Mont-Blanc system software stack,
with emphasis on programmer tools (debugger, performance analysis), system resiliency (from applications to architecture support), and
ARM 64-bit support;
g to produce a first definition of the Mont-Blanc Exascale architecture, exploring different alternatives for the compute node (from lowpower mobile sockets to special-purpose high-end ARM chips), and
its implications on the rest of the system;
g to track the evolution of ARM-based systems, deploying small
cluster systems to test new processors that were not available for
the original Mont-Blanc prototype (both mobile processors and ARM
server chips);
g to provide continued support for the Mont-Blanc consortium, namely operations of the Mont-Blanc prototype, and hands-on support
for our application developers.

DE: Bayerische Akademie der
Wissenschaften,
Forschungszentrum Julich GmbH,
Universitaet Stuttgart
ES: Barcelona Supercomputing
Center, Universidad de Cantabria
FR: Bull SAS, CEA-Leti, CNRS, INRIA
GB: Allinea Software Limited, ARM
Limited, University of Bristol
IT: Consorzio Interuniversitario
Cineca

Total budget
e 11.4 m.
EC Contribution
e 8 m.
Contract Number
610402

Cost analysis following
different partitionning
scenarios for
the Mont-Blanc
2 computing node.
© CEA-Leti
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Leti in MONT-BLANC2020

NEW

© provided by BSC
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MONT-BLANC2020
Mont-Blanc 2020, European scalable,
modular and power efficient HPC processor
The Mont-Blanc 2020 (MB2020) project ambitions to initiate the development of a future low-power European processor for Exascale. MB2020
lays the foundation for a European consortium aiming at delivering a
processor with great energy efficiency for HPC and server workloads. A
first generation product is scheduled in the 2020 time frame.
Our target is to reach exascale-level power efficiency (50 Gflops/Watt
at processor level) with a second generation planned for 2022. Therefore, we will, within MB2020:
g define a low-power System-on-Chip (SoC) implementation targeting Exascale, with built-in security and reliability features;
g introduce strong innovations to improve efficiency with real-life
applications and to outperform competition (vector instruction implementation, memory latency and bandwidth, power management,
2.5D integration);
g develop key modules (IPs) needed for this implementation;
g provide a working prototype demonstrating MB2020 key components and system level simulations, with a co-design approach based
on real-life applications;
g explore the reuse of these building blocks to serve other markets
than HPC.
Our key choices are:
g to use the ARM ISA (Instruction Set Architecture) because its has
strong technological relevance and it offers a dynamic ecosystem,
which is needed to deliver the system software and applications mandatory for successful market acceptance;
g to design, implement or leverage new technologies (Scalable Vector
Extension, NoC, High Bandwidth Memory, Power Management,…) as
well as innovative packaging technologies to improve the versatility,
performance, power efficiency, reliability, and security of the processor;
g to improve on the economic sustainability of processor development through a modular design that allows to retarget our SoC for
different markets.

36 months

MONT-BLANC2020
at a glance
Project Coordinator
BULL SAS (France)
Partners

FR: CEA, Kalray SA
GER: Forschungszentrum Julich
Gmbh
SP: Barcelona Supercomputing
Center - Centro Nacional de
Supercomputacion; Semidynamics
Technology Services S.L.
UK: ARM Limited

Total budget
e 10 m.
EC Contribution
e 10 m.

CEA (CEA-Leti and CEA-List institutes) will refine its expertise for memory and chipto-chip interconnects, and gain new experience in data intensive compute subsystems
with associated design methodologies related to verification with an emulation platform. CEA will gain expertise in interposer-based design, low-power IPs and power
management strategy for such sub-systems. CEA, by exploring in MB2020 methodologies enabling a better time-predictability for mixed-critical applications will also
get a strategic position on the processor for other future markets like the autonomous
vehicle. MB2020 results will therefore help CEA in its willingness to actively build an
industrial ecosystem around these two key markets and pave the way for future technology transfers. CEA-Leti will mainly participate to the subject: «Low Power HPC SoC
design and implementation» working on these different tasks: T55: «Low power source
synchronous digital PHY with integrated calibration for 3D short range links», our team
has developed a digital Physical Layer (PHY) in 28nm Fully-Depleted Silicon-On-Insulator (FDSOI) technology for short range links on passive/active interposers and for 3D
connections. This PHY is based on a source synchronous propagation with credit based
link layer. This PHY has tuneable timings however it lacks calibration of these timings
and relies on trial and error. CEA will strengthen the PHY IP with a 22nm technology
node. It will make it possible back-end netlist simulation required for improving the IP
with the integration of an innovative solution for the auto-calibration of timing knobs. In
addition, this back-end implementation will allow precise PPA in 22nm node and estimated PPA for 7nm. T56: «Global Power Management», CEA’s contribution in MB2020
is to study the integration of power tree in a 3D context. Rely on dedicated layers that
integrate the bulky power supply components, the overall power density of on-chip
power management may be greatly increased. The multi-core context of MB2020 is
unique opportunity to apply system- to circuit-level analysis based on partners’ exchanges. This study paves the way to fully integrate the power management in a SoC
context and allows a finely-grained power strategy for high-density and low-power
computation. A report on the system-level and topology choice of the power tree including quantified achievable power density, best interposer technology choice and power
supplies topology based on MB2020 multi-core digital processor. T57: «Clock generator with IR-drop detection and prevention», CEA will develop a clock generator based on
a Frequency Locked Loop (FLL) with IR-drop detection and prevention capabilities. The
clock generator will be able to monitor the compliance of the clock frequency with the
actual circuit voltage to detect any circuit failures resulting from IR-drops. When an IRdrop is detected, the clock frequency will be automatically reduced to avoid the failure.
Once the voltage is stable again, the clock frequency will be automatically restored, in
smooth manner, to its nominal frequency. Finally, CEA will lead the part dedicated to the
Integration & Demonstration for HPC domain.

Contract Number
779877
Denis Dutois,
denis.dutois@cea.fr
Didier Belot,
didier.belot@cea.fr
TRL
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Leti in MOS-QUITO

NEW

Significant progress has been made in the design, fabrication and testing of the first
batch of devices fabricated at CEA-Leti in NanoWire CMOS technology on 300mm
diameter SOI wafers. This is a step towards implementing CMOS-based spin qubits in
silicon. The first 300mm SOI samples were fully processed during the overlap period
with the FP7 project SiAM. The batches contained a variety of devices with dense
gates, which were suitable for electrical characterization at low temperature within the
MOS-QUITO project scope.
Morphology, critical thicknesses and lateral dimensions were monitored and documented during fabrication. The technical splits most likely to work for MOS-QUITO were
confirmed on that basis. A few potential design and integration issues were identified
and corrected in the following design iteration, which provided the mask set dedicated
to MOS-QUITO. This would be used on the second 300mm SOI batch.
A systematic testing protocol at 300K was implemented to identify potentially interesting “Split Gate” and “pump” devices prior to forwarding them to project consortium
members. A database was generated to document the electrical behavior of each device from each EBeam die on each wafer. Once the project partners had identified
their technical splits of interest, a few (typically 2-3) EBeam dies from each wafer
were forwarded, along with a description file containing the floorplan, pad assignment,
device geometry, device dimensions, list of functional devices, test protocol and an archive containing screenshots of 300K I-V measurements. This procedure has assisted
the partners in minimizing time spent looking for adequately functioning devices.

© Fotolia-Sergey Tarasov
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MOS-QUITO
MOS-based Quantum Information
TechnOlogy
Quantum computing is now widely regarded by many in academia,
governments and industry to represent a major new frontier in information technology with the potential for a disruptive impact. Many
different materials and approaches have been explored, with a narrowing of focus in recent years on scalable implementations based on
solid state platforms. In particular, there is now strong evidence that
silicon, the primary platform technology for today’s processor technology, inherently possesses many key properties that make it advantageous for quantum computing. Two types of qubit based on spins
in silicon nano-devices made in academic research labs have already
been reported with demonstrated high-fidelity operation. Our project
builds on this success to take this technology to the next readiness
level by showing that silicon-based qubits can be realised within a full
CMOS platform, using the 300mm-scale fabrication facilities in our
consortium. In doing so we demonstrate the true potential of silicon
based qubits in terms of scalability and manufacturability.
Our focus is on distilling the silicon device design down to the simplest core element necessary to demonstrate qubit behaviour, in order
to lay the foundation for a scalable technology. We design, model and
fabricate these qubit devices, and then benchmark them using key
operating parameters. Our attention is not limited at the lowest level
technology layer where the qubits reside, and includes higher control
layers necessary to operate such devices, including demonstrating
strategies for achieving local control and readout in large-scale arrays
without cross-talk and developing cryo-CMOS electronics to support
the qubit operation. Both of these may be spun-out and yield their
own technological impacts. Thus, our holistic approach offers a wider
opportunity to harness the tremendous proven capabilities of integrated CMOS technology to become a key driver of quantum technology development.

36 months
Apr. 2016 > Mar. 2019

MOS-QUITO at a glance
Project Coordinator
CEA (FR)
Partners
CH: EPFL
DK: Kobenhavns Universitet
FI: VTT
IT: CNR
UK: Hitachi Europe Ltd., University
College London		

		
Total budget
e 3.9 m.
EC Contribution
e 3.4 m.

Publications
Cross-sectional
TEM image along
a channel after full
processing. Two
Gates in series
(Gate length 30nm,
spacing 35nm) are
visible, as well as
the wide SiN spacers
covering completely
the Si wire between
the Gates, thus
protecting it from
ion implantation and
silicidation.
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•“Pauli spin blockade in CMOS
double quantum dot devices”,
D. Kotekar-Patil, A. Corna, R. Maurand,
A. Crippa, A. Orlov, S. Barraud,
L. Hutin, M. Vinet, X. Jehl, S. De
Franceschi, M. Sanquer, Phys. Status
Solidi B 254, No. 3, 1600581 (2017).
• “SOI technology for quantum
information processing”, S. De
Franceschi, L. Hutin, R. Maurand,
L. Bourdet, H. Bohuslavskyi, A. Corna,
D. Kotekar-Patil, S. Barraud, X. Jehl,
Y.-M. Niquet, M. Sanquer, M. Vinet,
Electron Devices Meeting (IEDM), IEEE
International (2016).
• “A CMOS silicon spin qubit”,
R. Maurand, X. Jehl, D. Kotekar Patil,
A. Corna, H. Bohuslavskyi, R. Laviéville,
L. Hutin, S. Barraud, M. Vinet,
M. Sanquer, S. De Franceschi, Nature
communications 7, 13575 (2016).

Simplified three-dimensional schematic of
a silicon-on-insulator nanowire field-effect
transistor with two gates, gate 1 and gate 2.
Using a bias tee, gate 1 is connected to a
low-pass-filtered line, used to apply a static
gate voltage Vg1, and to a 20GHz-bandwidth line, used to apply the high-frequency
modulation necessary for qubit initialization,
manipulation and read-out.

Maud Vinet,
maud.vinet@cea.fr
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Leti in NEURAM3
At present, most dedicated hardware designs for neuro-computing rely exclusively
on conventional digital CMOS technology and consequently require complex circuits
and a large silicon area. Furthermore, energy efficiency remains a major challenge in
these systems. It is difficult to push scaling further to increase high-density integration.
While silicon neuron functionality can be implemented by CMOS circuits, it is not so
straightforward to emulate the synaptic function on “silicon-based devices” without
using a complex circuit. Since neural networks typically need many more synapses
that neurons (approximately 1000 to 10000 synapses per neuron), synapse circuit design primarily limits practical implementation of hardware neural systems. Introduction
of a compact nanoelectronic device emulating the function and plasticity of biological
synapses in neuromorphic hardware architecture can significantly improve the density
and, possibly, the power consumption of conventional CMOS implementations of neural
computing. Among proposed candidates for the fabrication of hardware mimicking synapse functionality, resistance change memory devices (RRAM) that exploit resistance
switching (RS) phenomena are very attractive because of their compatibility with CMOS
technology and potential scalability down to 10nm or below.

© Fotolia-hirexdesign
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NEURAM3
NEUral computing aRchitectures
in Advanced Monolithic 3D-VLSI
nano-technologies
Neuram3 is fabricating a chip implementing a neuromorphic architecture that supports state-of-the-art machine learning algorithms
and spike-based learning mechanisms. With respect to its physical
architecture this chip features an ultra low power, scalable and highly
configurable neural architecture that will deliver a gain of a factor 50x
in power consumption on selected applications compared to conventional digital solutions; and a monolithically integrated 3D technology
in Fully-Depleted Silicon on Insulator (FDSOI) at 28nm design rules
with integrated Resistive Random Access Memory (RRAM) synaptic
elements.
In complement to this vision, complementary technologies are developed that address the full spectrum of applications from mobile/
autonomous objects to high performance computing coprocessing, by
realising (1) a technology to implement on-chip learning, using native adaptive characteristics of electronic synaptic elements; and (2)
a scalable platform to interconnect multiple neuromorphic processor
chips to build large neural processing systems.
The neuromorphic computing system being developed jointly with
advanced neural algorithms and computational architectures are for
online adaptation, learning, and high-throughput on-line signal processing, delivering:
g an ultra-low power massively parallel non von Neumann computing
platform with non-volatile nano-scale devices that support on-line
learning mechanisms;
g a programming toolbox of algorithms and data structures tailored to
the specific constraints and opportunities of the physical architecture;
g an array of fundamental application demonstrations instantiating
the basic classes of signal processing tasks. The neural chip validates
the concept and be a first step to develop a European technology
platform addressing from ultra-low power data processing in autonomous systems (Internet of Things) to energy efficient large data
processing in servers and networks.

36 months

Jan. 2016 > Dec. 2018

In this context, CEA-Leti has worked on two approaches. On one hand, it has developed
the Memory Advanced Demonstrator (MAD) test vehicle based on 130nm CMOS technology and HfO2 based RRAM memories. This test vehicle has allowed the NeuRAM3
partners (ETH and CISC) to implement innovative neuromorphic circuits using CEA-Leti
RRAM technology to implement the synaptic connections. The ETH contribution to MAD
involves implementing CMOS circuits that interface an array of 1024 RRAM based synapses to two neurons. The CSIC contribution to MAD is a spike-based algorithm with
1T/1R resistive memory.

NEURAM3 at a glance
Project Coordinator
CEA-Leti (FR)
Partners
BE: Imec
CH: IBM Research, Universitaet
Zuerich
ES: CIRSIC
FR: ST Microelectronics
IT: CNR
NL: Imec NL 		

CEA-Leti has also investigated implementation of new functionalities in the baseline
processes and, in particular, different forms of plasticity in the synaptic element. The
institute has proposed an architecture, which implements both Spike-Timing-Dependent Plasticity (STDP) (a type of Long Term plasticity) and Synaptic Adaptation (a
type of Short Term Plasticity). Furthermore, CEA-Leti has shown that Long Term STDP
allows the neural network to learn patterns without a training data set and Short Term
Synaptic Adaptation makes the learning process very robust to background noise in
the input data.

Total budget
e 4.2 m.
EC Contribution
e 3.2 m.
Contract Number
687299

Embedded memory
resistive RAM cell:
scanning electron
microscope image
showing positioning
between metal
4 and metal 5,
circuit schematic and
measurements of
Set and Reset states.

Publications
• “Resistive memories for
spike-based neuromorphic circuits”,
E. Vianello, T. Werner, O. Bichler,
A. Valentian, G. Molas, B. Yvert,
B. De Salvo, L. Perniola, IWM, 2017.
• “Experimental demonstration of
short and long term synaptic
plasticity using RRAM multi k-bit
arrays for reliable detection in highly
noisy input data”, T. Werner,
E. Vianello, O. Bichler, A. Grossi,
E. Nowak, J. -F. Nodin, B. Yvert,
B. De Salvo, L. Perniola, IEDM
Technical Digest, p. 16.6, 2016.
• “Bio-inspired Programming of
Resistive Memory Devices for
Implementing Spiking Neural
Networks”, E. Vianello, T. Werner,
O. Bichler, A. Grossi, E. Nowak,
B. Yvert, B. De Salvo, L. Perniola,
in Proceedings of the on Great Lakes
Symposium on VLSI 2017 (GLSVLSI),
Banff, Alberta, Canada, pp. 393-398,
2017.
• “Exploitation of RRAM variability
to improve on-line unsupervised
learning in small-scale Spiking
Neural Networks”, T. Werner,
E. Vianello, O. Bichler, B. Yvert,
B. De Salvo, L. Perniola, Proc. of
SSDM, 2016.
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PANACHE
Pilot line for Advanced Nonvolatile
memory technologies for Automotive
Micro-Controllers, High security
applications and general Electronics
PANACHE is the ENIAC KET Pilot Line project addressing design technologies and semiconductor process and integration.
The primary objective is to set-up a pilot line for embedded Flash
technology design and manufacturing for the prototyping of innovative microcontrollers in Europe. The already defined 55nm technology
platform will be developed and consolidated in order to provide a solid base for extension to 40nm technology.The contributions from a
strong consortium will build a solid manufacturing platform on these
technology nodes. The project will also provide pathfinding activities
to extend the basic building blocks of the technology to achieve a
prototyping maturity for a new BEOL based non-volatile memory architecture suitable with the 28 nm node.
To achieve this goal of generating high value added semiconductor
circuits in Europe in a breakthrough leading edge technology the project will deploy all the necessary activities to bring a new technology
to an early industrial maturity stage. These activities encompass technology enhancements for specific application requirements such as
wide temperature range and reliability, high security, high flexibility,
design enablement allowing first time silicon success, and prototyping of demonstrator products in the targeted application areas: Automotive, Consumer/Industrial and Secure Devices.

48 months

Jan. 2014 > Dec. 2017

PANACHE
at a glance
Project Coordinator
STMicroelectronics (FR)
Partners
FR: STMicroelectronics Crolles,
STMicroelectronics Grenoble,
STMicroelectronics Le Mans,
CEA-Leti, Gemalto SA, Thales
Communication & Security SAS,
CNRS-LTM, Adixen
DE: Robert Bosch GmbH, IHP
Leibniz, TU Darmstadt
BE: ASM Belgium
FI: ASM Microchemistry Oy
CZ: Institute of Microelectronic
Applications, Ltd., Institute of
Information Theory and Automation
of the AS CR
ES: Universitat Autonoma de
Barcelona
TK: TUBITAK, Sabanci University,
Inovent Coop.
IL: LiveU Ltd.		

		
Total budget
e 224.7 m.
EC Contribution
e 33.7 m.
Contract Number
ENIAC-621217
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Within the scope of the PANACHE project, CEA-Leti has been developing and transferring competitive innovative memory solutions, handling critical developments and
solving problems and completion times related to direct introduction of new materials
in 200mm and 300mm industrial pilot lines.
To develop an optimized memory stack and accelerate adoption of these new technologies, CEA-Leti has developed the so-called Memory Advanced Demonstrator (MAD),
today based on 130nm ground rules with 4 copper metal lines. The memory module,
which can feature PCM, OxRAM, CBRAM or MRAM technology, is fabricated in the
BEOL before pad level. This versatile test vehicle offers the possibility of integrating
into the same silicon test structures, simple resistors (1R), resistors with selector transistors (1T1R), memory arrays (1Mb cuts) and complex designs implementing routing
placement on 4 metal levels. Complex designs of this type may be developed by client
designers using a DK plus memory add-on provided by CEA-Leti.
All these structures are essential for in-depth analysis of memory functionality from
bulk material (with its interfaces) screening obtained by the 1R and 1T1R, through
statistical analysis of extrinsic bits obtained by memory arrays to first validation of
complex functions obtained by specific designs.
The PANACHE MAD offers a benchmark opportunity to utilize the same test vehicle to
extract individual advantages and drawbacks from different technologies.
After investigating the best memory solution in 200mm using the MAD, CEA-Leti offers
the move to 300mm by exporting the memory module on the project partner base
wafers with aggressive nodes. The last step is typically achieved through wafer exchange: the partner’s (or the foundry stakeholder’s) incoming wafers implementing the
appropriate CMOS process and number of metal lines are sent to CEA-Leti for plugging
the optimized memory module. After processing, the wafers are returned to the partner
(or foundry stakeholder) clean room for BEOL completion. Prior to this stage, CEA-Leti
expertise is used to modify the client design kit and add the appropriate add-on kit
required for successful integration.
Within this value chain, MAD offers CEA-Leti partners the chance to ramp up both
technology and design maturity; both condition closely the success of each disruptive
technology industrialization.

Publications
• “Fundamental Variability Limits of
Filament-based RRAM”, A.Grossi,
E. Nowak, C. Zambelli, C. Pellissier,
S. Bernasconi, G. Cibrario,
K. El Hajjam, R. Crochemore,
J.-F. Nodin, P. Olivo and L. Perniola,
IEDM Technical Digest, San Francisco,
2016.
• “Data Retention Extraction
Methodology for perpendicular
STT-MRAM”, L. Tillie, E. Nowak,
R. -C. Sousa, M.-C. Cyrille, B. Delaet,
T. Magis, A. Persico, J. Langer,
B. Ocker, I.-L. Prejbeanu and
L. Perniola, IEDM Technical Digest,
San Francisco, 2016.
• “Experimental demonstration
of short and long term synaptic
plasticity using OxRAM multi k-bit
arrays for reliable detection in highly
noisy input data”, T. Werner,
E. Vianello, O. Bichler, A. Grossi,
E. Nowak, J. -F. Nodin, B. Yvert,
B. De Salvo, L. Perniola, IEDM
Technical Digest, San Francisco, 2016.
• “Understanding RRAM endurance,
retention and window margin
trade-off using experimental results
and simulations”, C. Nail, G. Molas,
P. Blaise et al.,IEDM Technical Digest,
San Francisco, 2016.

Luca Perniola,
luca.perniola@cea.fr
Yves Quere,
yves.quere@cea.fr
Cross-section of
a resistive RAM memory
demonstrator built on a standard
CMOS front-end.
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REMINDER
Revolutionary embedded memory
for internet of things devices
and energy reduction
REMINDER develops an embedded DRAM solution optimized for ultralow-power consumption and variability immunity, specifically focused on
Internet of Things cutting-edge devices. The objectives of REMINDER are:
g investigation (concept, design, characterization, simulation, modelling),
selection and optimization of a Floating-Body memory bit cell in terms of
low power and low voltage, high reliability, robustness (variability), speed,
reduced footprint and cost;
g design and fabrication in FDSOI 28nm (FD28) and FDSOI 14nm (FD14)
technology nodes of a memory matrix based on the optimized bit-cells
developed. Matrix memory subcircuits, blocks and architectures are carefully analysed from the power-consumption point of view.
In addition, variability tolerant design techniques underpinned by variability analysis and statistical simulation technology are widely considered;
g demonstration of a system on chip application using the developed
memory solution and benchmarking with alternative embedded memory
blocks.
The eventual replacement of Si by strained Si/SiGe and III-V materials in
future CMOS circuits would also require the redesign of different applications, including memory cells, and therefore we also propose the evaluation of the optimized bit cells developed in FD28 and FD14 technology
nodes using these alternative materials.
The fulfilment of the objectives above also implies the development of:
g new techniques for the electrical characterization of ultimate CMOS
nanometric devices. This allows us to improve the CMOS technology by
boosting device performance;
g new behavioural models, incorporating variability effects, to reach a
deep understanding of nanoelectronics devices;
g advanced simulation tools for nanoelectronic devices for state of the
art, and emerging devices;
g extreme low power solutions.
The consortium supporting this project is ideally balanced with 2 industrial partners, 2 SMEs, 2 research centers and 3 universities.

80

36 months
Jan. 2016 > Dec. 2018

REMINDER
at a glance
Project Coordinator
Universidad de Granada (ES)
Partners
CH: IBM Research
FR: CEA-Leti, Institut Polytechnique
de Grenoble, STMicroelectronics
KR: Korea Institute of Science and
Technology
UK: Gold Standard Simulations
(Synopsis), Surecore Ltd, University
of Glasgow

During the Year 1 of the REMINDER project, CEA-Leti achieved results in four research topics: technology, electrical characterization, simulation and modeling.
In technology, based on inputs from UGR, IMPE and LAHC laboratories, process flows of
three candidate technologies (MSDRAM, A2RAM and Z²-RAM) were analyzed and compared. The only 1T-DRAM structure fully compatible with the standard 28FDSOI route is the
Z²-RAM; this motivated selection of Z²-RAM for the project. No technology specific developments are required at CEA-Leti for the 3 planned runs.
In electrical characterization, CEA-Leti delivered A2RAM wafers to Granada University for
performing electrical investigations of gate stack properties on SiGe channels for different
Ge content. SiGe channels will propel 28FDSOI towards new performance levels with an eye
to longer term studies (3D non-planar architectures).
In simulation, STMicroelectronics/CEA-Leti research collaboration provided the REMINDER
project consortium with calibrated 28FDSOI TCAD deck usable for 1T-DRAM applications;
this is calibrated on the electrical performance of 28FDSOI technology. CEA-Leti also developed and provided a TCAD simulation deck of a A2RAM cell, enabling main technological parameter variation such as body thickness, bridge thickness, gate length, gate oxide
thickness and doping. This deck centers the electrical behavior of A2RAM cell and evaluates the range of polarization to use in transient TCAD simulations. In selecting the best
1T-DRAM structure, TCAD simulations were required to assess the optimum performance
achievable for each structure (MSDRAM, A2RAM and Z2RAM). CEA-Leti focused on A2RAM
and performed extensive A2RAM TCAD simulations, while varying not only the main technological parameters, but also the operating polarizations. The institute also contributed an
evaluation of the best performance trade-off achievable by A2RAM structures.
In modeling, CEA-Leti was to provide an analytical model of DC operation of the selected
1T-DRAM structure. For Z²-RAM, the behavior of this device was insufficiently understood
for building this analytical model. The first step was to perform an extensive simulation
study to understand device behavior. In a close collaboration with INPG, CEA-Leti contributed to the project an in-depth understanding of Z²-FET DC operation including the four
operating regimes of Z²-RAM, a physical explanation of DC hysteresis and guidelines for
TCAD simulations applied to compact model development. CEA-Leti’s analytical model of
Z²-FET DC operation will form the basis for Z²-FET compact model development required in
the remainder of the project.

Total budget
e 4.5 m.
EC Contribution
e 3.6 m.

Publications
• “Ultra-low power 1T-DRAM in
FDSOI technology”, H. El Dirani et al.,
Microelectronic Engineering Volume
178, 25 June 2017, Pages 245–249.

Contract Number
687931

Joris Lacord,
joris.lacord@cea.fr
(a) Schematic diagram of Z2-FET.
(b) Measured IA-VA curves for different gate bias
values in steady state. LG = Lint = 200 nm.
(c) Simulated conduction band energy showing band
modulation and injection barriers.
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SIAM
Silicon at the Atomic and Molecular scale
The SiAM project investigates the fundamental properties of devices
with single dopant atoms. Single atomic devices could have a profound impact on future device architectures which take advantage of
their distinct quantum behavior. The key idea is to use the very sharp,
deep and reproducible potential created by a dopant in a semiconductor host crystal. Despite its small size (on the scale of the Bohr raduis),
the donor state of a single dopant can be addressed with conventional
lithography techniques, and is therefore perfectly suitable for realistic
devices exploiting the quantum nature of single atoms.

36 months
Oct. 2013 > Sep. 2016

SIAM
at a glance
Project Coordinator
CEA INAC (FR)

CEA-Leti is contributing to the SIAM project the advanced silicon design and wafer processing expertise required for producing various types of atomic scale device. In the first
device configuration, the institute has focused on developing a wafer level integration flow
to investigate a mixed SOI-CMOS/STM device fabricated on Si:H surfaces. The team has
developed an integration flow and a dedicated system for connecting electrically atomic
scale devices to microscale pads for further integration of such devices within other circuit
electrical functions or for automated electrical testing. Base devices with sources and drains
were prepared at CEA-Leti before integration of atomic nanowires by Scanning Transmission Microscopy (STM) at IBM. The wafers were then cleaned and re-integrated into the
CEA-Leti CMOS line to produce gate structures by e-beam lithography, while interconnects
were created by a complex chip-to-wafer bonding process. Following final electrical characterization, this integration flow has been successfully proven on test chips fabricated by
IBM and CEA-Leti.
Another set of investigated devices comprises multi-gate silicon-on-insulator (SOI) nanowire
devices for electron pumps and single/coupled-atom transistors with a 65nm gate pitch.
During the project, a wide range of devices has been fabricated including two, three and
even four gates in series in N- and P-FET devices.
The SIAM multi-gate samples have yielded results for electron pumping and its associated
theory. These results have enabled the CEA-Leti team to demonstrate the first hole spin
qubit as well as the first (real) CMOS spin QuBit. These results are only briefly mentioned
here since QuBit measurement and its physics are reported in the Si-SPIN FET-OPEN project
also coordinated by CEA. It should be emphasized that SIAM project remains, to date, the
one and only “supplier” of such samples and this has given rise to a new mask-set to be
developed within the H2020 MOS-QUITO project, which started in 2016.

Partners
CH: IBM Research
DE: Physikalisch-Technische
Bundesanstalt
FR: CEA-Leti
LV: Latvijas Universitate
NL: Universiteit Twente		

Total budget
e 2.9 m.
EC Contribution
e 2 m.
Contract Number
INFSO ICT-610637

Chip-to-Wafer bonding flow
description.

Examples of multi-gate devices
realized with a 65nm gate pitch.
Active (resp. gate) area is
represented in green
(grey) color.
Top: a thin spacer (9nm) is used
in order to create a silicide area
between the two gates.
Bottom: a thick spacer (24nm)
is used in order to avoid doping
and silicide between the gates.

Publications
• “Dual-channel dispersive charge
and spin readout in silicon double
dots systems”, A. Corna & al.,
Spin Tech 8 (2015).
• “Development of a CMOS Route
for Electron Pumps to Be Used in
Quantum Metrology”, S. Barraud
et al., Technologies 2016, 4, 10,
available (open access) at http://
dx.doi.org/10.3390/technologies4010010.
• “Design and operation of
CMOS-compatible electron pumps
fabricated with optical lithography”,
P. Clapera et al., submitted to IEEE
Electron Device Letters.
• “Design and Cryogenic Operation
of a Hybrid Quantum-CMOS Circuit”,
P. Clapera et al., Physical Review
Applied 4, 044009 (2015)
available (open access) at https://
doi.org/10.1103/PhysRevApplied.4.044009.
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Recent breakthroughs in silicon spin quantum bits provide a truly CMOS-compatible
route towards scalable, integrated qubits. A first step towards this goal has been made
using silicon-on-insulator (SOI) nanowire transistors featuring two closely spaced gates
parallel to each other. This configuration results in two coupled quantum dots (QDs) in
series, in which each QD can be operated down to the few electron regime by adjusting
the voltages applied to the corresponding top gate and to the global back gate provided
by the silicon substrate. We have observed signatures of Pauli spin blockade (PSB) in
different electronic configurations and for different values of the singlet-triplet splitting.
The PSB regime has been studied as a function of the external magnetic field B applied perpendicular to the chip plane. Since PSB is a commonly used mechanism for
spin-qubit readout, our work is relevant to producing CMOS-based qubits.
CEA-Leti has implemented SGOI (Silicon Germanium On Insulator) for nanowire transistors and quantum dots using a 300-mm state-of-the-art CMOS foundry.
The Ge content in these structures was initially limited to 30% as imposed by the
available technology. For this Ge content, the current Si technology at CEA-Leti is compatible with SiGe materials. We could therefore fabricate not only innovative SiGe based
nanopatterns, but also MOSFET devices built on these SiGe patterns. We have demonstrated single quantum well and superlattice core/shell nanowire SiGe30% transistors
with high-K dielectrics and a metal gate scaled down to 15nm gate length.
CEA-Leti has investigated different options for increasing the Ge content in SGOI-based
nanostructures to well above 30%. New methods for fabricating SiGe-based nanostructures with a larger Ge content (xGe>30%) have been developed. We have tested
and validated an innovative process sequence for fabricating SiGe nanopatterns using
a top-down approach on 300mm SOI substrates. The morphological characterization
(STEM, EDX) confirms that the Ge content in the 9nmx 28nm SiGe nanowire is as
high as 60% with a uniform Ge concentration within the patterns and excellent crystal
quality.
Several SISPIN project partners are also using CEA-Leti’s SGOI nanowire devices for
spin-based quantum computing experiments. Increasing research efforts in the one-dimensional character of Ge-Si core-shell nanowires is starting to reveal the unique
electronic properties of these materials. Experiments in Ge-Si core-shell nanowires
include experiments on double quantum dots and spin relaxation times.

© Fotolia-Maksim Pasko
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SISPIN
Silicon Platform for Quantum Spintronics
Quantum spintronics uses the quantum nature of individual spins to
bring new functionalities into logic circuits, either for more efficient
information processing or through spin-based quantum algorithms.
This project investigates new directions based on p-type SiGe nanostructures. This system has the unique combination of low hyperfine
and strong spin-orbit couplings. Aside from developing demonstrator
devices such as spin-filters or single spin qubits, we aim at exploring recently proposed schemes for long range spin-spin coupling, an
essential requirement for scalable qubit circuits.

36 months
Sep. 2013 > Aug. 2016

SISPIN
at a glance
Project Coordinator
CEA-INAC (FR)
Partners
AT: University of Linz
CH: IBM Zurich, University of Basel
DK: University of Copenhagen
FR: CEA-Leti
NL: TU Delft 		

Total budget
e 4.3 m.
EC Contribution
e 3.7 m.
Contract Number
ICT-323841

a) SEM top view of a
double quantum dot
device used for QuBit
operation. The undoped
Si channel is 10nm thick
& 20nm wide. The two
gates are 30nm long with
a 30nm gap in between.
b) Cross-sectional TEM
view along the device
channel. The wiring
scheme for qubit
measurements is also
shown (presented at
IEDM Dec 2016).
Vertical profiles of
the Ge, Si and O
at the middle
of the CEA-Leti
SiGe nanowire
(obtained from EDX).
Ge content around
60-65% is evidenced.
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Publications
• “Quantum Dot Made in Metal Oxide
Silicon-Nanowire Field Effect
Transistor Working at Room
Temperature”, R. Lavieville, F. Triozon,
S. Barraud, A. Corna, X. Jehl,
M. Sanquer, J. Li, A. Abisset,
I. Duchemin, and Y. Niquet,
NANO Letters (2015).
• “Ultrathin (5 nm) SiGe-OnInsulator with high compressive
strain (-2 GPa): From fabrication
(Ge enrichment process) to in-depth
characterizations”, F. Glowacki,
C. Le Royer, Y. Morand, J.-M. Pédini,
T. Denneulin, D. Cooper, J.-P. Barnes,
P. Nguyen, D. Rouchon,
J.-M. Hartmann, O. Gourhant,
E. Baylac, Y. Campidelli, D. Barge,
O. Bonnin, and W. Schwarzenbach,
Solid-State Electron., vol. 97, pp.
82–87, 2014).
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SPOT
Spin Orbit Torque memory for cache
& Multicore processor applications
The microelectronics industry will face major challenges related to
power dissipation and energy consumption in the next years. Both
static and dynamic consumption will soon start to limit microprocessor performance growth. The goal of the spOt project is to modify the
memory hierarchy by the integration of non-volatility (NV) as a new
feature of memory cache, which would immediately minimize static power as well as paving the way towards normally-off/instant-on
computing.To accomplish this aggressive goal, limitations of present
NV memories in terms of speed and endurance must be overcome
and new architectures taking full benefit of these new functionalities
must be developed. The consortium will base its research on a recent discovery achieved jointly by SPINTEC and ICN, called «Spin Orbit
Torque» (SOT). This disruptive technology, which can be viewed as the
ultimate evolution of Spin Transfer Torque, offers the same non-volatility and compliance with technological nodes below 22nm, with the
addition of lower power consumption, cache-compatible high speed,
and truly infinite endurance.To demonstrate its viability for cache, a
number of identified technology roadblocks are addressed by the spOt
project through its 5 work-packages and 4 intermediate goals:
g the realization of a fast write, low power, high read signal single
memory cell;
g the development of a single cell architecture (standard cell) with
minimal footprint;
g a stand-alone memory test chip with full functionality;
g the full chip simulation of a low-power/normally-off multicore processor. The final objective of the project is twofold: the fabrication
of a SOT memory test chip, which would be benchmarked against
existing and forecasted solutions in order to demonstrate the integrability and manufacturability of this new technology; the design and full
chip simulation of a novel multicore processor integrating embedded
SOT memory, in order to demonstrate the systemability of such an
approach.

42 months
Oct. 2012 > Mar. 2016

SPOT
at a glance
Project Coordinator
CNRS (FR)
Partners
CH: ETH Zurich
DE: Karlsruher Institut
of Technologie,
Singulus Technologies AG
FR: CEA-Leti, Institut
Polythechnique de Grenoble,
Toplink Innovation
GR: Demokritos 		

CEA-Leti’s contribution involves the nanofabrication of single cell SOT based magnetic
memories from magnetic stacks developed by Singulus. A nanofabrication process has
been developed using 2 e-beam lithography steps to define the memory dot and the
bottom electrode strap. Critical process steps have been optimized such as etching of
the hard mask (for patterning of sub 80nm Ta dots) and etching of bottom electrodes to
limit metallic re-depositions and short circuits across the MTJ barriers.
Working single cells as small as 80nm have been delivered to the project consortium.
CEA-Leti has also led the effort to fabricate an SOT-based full memory chip. The institute has supplied the design kit for the memory test chip demonstrators. GDS files have
been generated and provided to the foundry to include the necessary alignment marks
and measurement structures for the back end of line. A mask set has been generated
from the GDS design provided by partners Spintec and KIT. The wafers used for the
demonstrators are MPWs, so the mask set has been modified to include part of the
reticule that does not contain SOT circuits but also requires processing.
This has led to:
g a circuit tape out with the contribution of several partners;
g fabrication of CMOS wafers using a multi-project wafer platform and 180nm Cu
base wafers provided by ST Microelectronics;
g integration of SOT-based memories on 200mm CMOS wafers.
To conclude, fabrication of several runs of single cell memory devices has been accomplished. Functional devices as small as 80nm have also been demonstrated.
Ultra-fast magnetic switching has been demonstrated (400ps) and this validates the
main advantage of this technology. Fabrication of first memory test chips on CMOS
wafers has been completed and first results show that some devices can provide expected static performance but that process improvement is necessary to validate full
CMOS integration.

Total budget
e 4.4 m.
EC Contribution
e 3.2 m.
Contract Number
ICT-318144

STT memory cell vs
SOT memory cell.
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Publications
• “Spin Orbit Torque Non-Volatile
Flip-Flop for High Speed and Low
Energy Applications”, K. Jabeur
& al., IEEE Electron Device Letters
(Volume:35 , Issue: 3 ), DOI: 10.1109/
LED.2013.2297397.
• “Ultra-fast magnetization
reversal of a three-terminal
perpendicular magnetic tunnel
junction by spin-orbit torque”,
M. Cubukcu et al., 2015.09.08,
arXiv:1509.02375, http://arxiv.org/
abs/1509.02375v1.
• “Three-terminal spin-orbit torque
magnetic random access memory
(SOT-MRAM) with low writing
current”, C. Hamelin & al., 13th Joint
MMM-Intermag Conference,
San Diego, CA, January 11-15, 2016.
• “Ultra-Fast and High-Reliability
SOT-MRAM: from Cache
Replacement to Normally-off
Computing”, G. Prenat et al.,
IEEE Transactions on Multi-Scale
Computing Systems, 2, 1-12 (2016).
• “Compact Modeling of a Magnetic
Tunnel Junction Based on Spin Orbit
Torque”, K. Jabeur et al., IEEE
Transactions on Magnetics 50,
4100208 (2014).
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Vertically stacked wire-based MOSFET architecture extends even further the scaling
limits of CMOS technology. Now considered a possible extension to FinFET, this architecture offers multiple benefits. A low IOFF current is expected with high current
drivability due to 3D vertically stacked channels. Obviously, there are still major roadblocks to reaching higher performance, especially introduction of stress boosters and
reduction of parasitic capacitances. This is why vertically stacked wire-based MOSFETs featuring an inner spacer and SiGe:B source/drain (S/D) have been successfully
fabricated using a replacement metal gate (RMG) process. Following epitaxial growth
of (SiGe/Si) multilayers, dense arrays of fins have been patterned using a sidewall
image transfer process to produce 40nm-pitch fins. The dummy gate and inner spacer
have subsequently been defined. The Si wires have been released during the RMG
module. Figure illustrates cross-sectional TEM images of stacked wire FETs. On the
other hand, strain engineering is one of the greatest challenges for GAA stacked-NWs
FETs, so strain fields have been imaged at different stages of the CEA-Leti fabrication
process. We have shown that SiGe(B) raised-S/Ds can be used to inject a significant
amount of compressive strain in Si channels (deformation close to 1%). This suggests
that a method involving optimized engineering of process-induced stress, such as SiGe
S/Ds, can be efficient in 3D stacked-NWs devices. Electrical characterization of 25nm
gate length devices has revealed high performance in terms of subthreshold slope
(80mV/dev), DIBL (50mV/V) and ION current (400μA/μm at VDD=0.9V).
In the early stages of this technology’s development, design/technology co-optimization requires a physics-based compact model to ensure predictive extrapolation
from hardware data. This is why CEA-Leti has developed a physical compact model
(CEA-Leti NSP) that is required for integrated circuit design. Based on a novel methodology for calculating the surface potential, this model can handle arbitrary nanowire
cross-sectional shapes of vertically stacked-nanowire MOSFETs. The model accounts
for quantization effects induced by small NW cross sections as well as additional physical features such as electrical field dependence on mobility, SCE/DIBL, channel length
modulation, access resistances with bias dependence, velocity saturation, gate current, GIDL/GISL, self-heating effect and parasitic capacitances. This model has been
validated on numerical simulation and experimental data. The physical compact model
developed for both horizontal and vertical nanowire MOSFETs has been demonstrated
to be highly efficient in all operation regimes. Close agreement between model and experimental data highlights that CEA-Leti-NSP is capable of providing a credible quantitative estimate of nanowire GAA MOSFET operation. This is implemented in Verilog-A
language, respecting simulation robustness-related requirements. This model is now
ready for designing initial circuits implementing nanowire-based GAA MOSFETs.

© Fotolia-Sergey Nivens
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SUPERAID7
Stability Under Process Variability
for Advanced Interconnects
and Devices Beyond 7nm node
Among the physical limitations which challenge progress in nanoelectronics for aggressively scaled More Moore, process variability is
getting ever more critical. Effects from various sources of process
variations, both systematic and stochastic, influence each other and
lead to variations of the electrical, thermal and mechanical behavior
of devices, interconnects and circuits. Correlations are of key importance because they drastically affect the percentage of products
which meet the specifications. Whereas the comprehensive experimental investigation of these effects is largely impossible, modelling
and simulation (TCAD) offers the unique possibility to predefine process variations and trace their effects on subsequent process steps
and on devices and circuits fabricated, just by changing the corresponding input data. This important requirement for and capability of
simulation is among others highlighted in the International Technology
Roadmap for Semiconductors ITRS.
SUPERAID7 builds upon the successful FP7 project SUPERTHEME
which focused on advanced More-than-Moore devices, and is aimed
at establishing a software system for the simulation of the impact
of systematic and statistical process variations on advanced More
Moore devices and circuits down to the 7 nm node and below, including especially interconnects. This requires improved physical models and extended compact models. Device architectures addressed
in the benchmarks include especially TriGate/Gate FETs and stacked
nanowires, including alternative channel materials. The software developed can be benchmarked utilizing background and sideground
experiments of the partner CEA. Main channels for exploitation include software commercialization via the partner GSS and support
of device architecture activities at CEA. Furthermore, an Industrial
Advisory Board initially consisting of GLOBALFOUNDRIES and STMicroelectronics will contribute to the specifications and will get early
access to the project results.
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36 months
Jan. 2016 > Dec. 2018

SUPERAID7
at a glance
Project Coordinator
Fraunhofer IISB (DE)
Partners
AT: TU Wien
FR: CEA-Leti
UK: Gold Standard Simulans
(Synopsis), University of Glasgow

		
Total budget
e 3.4 m.
EC Contribution
e 3.4 m.
Contract Number
688101

Publications
• “Vertically stacked-nanowires
MOSFETs in a replacement metal
gate process with inner spacer and
SiGe source/drain”, S. Barraud &
al., Electron Devices Meeting (IEDM),
2016.
• “NSP: Physical compact model
for stacked-planar and vertical
gate-all-around MOSFETs”,
O. Rozeau & al., Electron Devices
Meeting (IEDM), 2016.
• “High and Low-Field Contact
Resistances in Trigate Devices in a
Non-Equilibrium Green’s Functions
Framework”, L. Bourdet & al.,
SISPAD (2016), DOI: 10.1109/SISPAD.2016.7605204.
• “Carrier Scattering by Workfunction
Fluctuations and Interface Dipoles
in High- /Metal Gate Stacks”,
Z. Zeng & al., “SISPAD (2016), DOI:
10.1109/SISPAD.2016.7605223.
• “Size-dependent carrier mobilities
in rectangular silicon nanowire
devices”, Z. Zeng & al., SISPAD
(2016), DOI: 10.1109/SISPAD.2016.7605196.

Sylvain Barraud,
sylvain.barraud@cea.fr

TEM images showing
a Fin pitch of 40nm,
inner spacer
integration and
vertically stacked
wires field effect
transistors.
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Leti in THINGS2DO
The main objective of CEA-Leti in this project is to develop an innovative IOT node by
leveraging the benefits of FDSOI technology. The innovation lies in the architecture
of the node, which is split between an Always-Responsive part and an On-Demand
part. The former part is composed of an asynchronous Wake-up controller and various
wake-up sources, including a wake-up radio; this can react to interrupts with almost
no latency, while consuming no energy (except leakage) in the absence of events. The
second part is dedicated to compute-intensive tasks, handled by a microcontroller and
specialized hardware accelerators. It is considered to be in OFF mode most of the time.
This architecture split brings the best of both worlds, namely ultra-low power dissipation and strong responsiveness.
CEA-Leti first developed the necessary building blocks in 28nm FDSOI:
g a bandgap voltage and current reference used as reference for bias current generation and supply voltage regulation;
g a real-time clock, based on a low-frequency oscillator, used for duty-cycling the
wake-up radio to reduce further its power dissipation;
g a linear voltage regulator (LDO) for regulating the supply voltage value;
g a low-voltage SRAM memory able to operate as low as 0.6V;
g an ARM M0+ microcontroller: a low-power, an ARM 32b RISC microcontroller, which
incorporates 256kB of the SRAM voltage and can operate in a wide voltage range;
g a wake-up radio used to sense the radio spectrum and decode an opcode to determine whether an emitter is trying to communicate with the node and wake up the
main radio;
g an asynchronous wake-up controller used to handle asynchronously the various
wake-up interrupts and wake up the On-Demand part;
g an asynchronous service network used to configure the various platform parts and
read status registers.
CEA-Leti is now assembling these Ips in order to implement an ultra-low power IOT
node demonstrator.

© Fotolia-arrow

EC Programme

ENIAC

Keywords

Design ecosystem
Fully Depleted Silicon-OnInsulator (FDSOI)

THINGS2DO
THIN but Great Silicon to Design Objects
The program THINGS2DO is focused on building the Design & Development Ecosystem for FD-SOI-technology. This technology is uniquely
positioned to take advantage of some very distinct strengths of the
European Semiconductor Industry. The baseline 28nm FD-SOI-technology is available at an inflection point in the semiconductor progression path and offers unique features at this particular point in
time. 14nm-FD-SOI will then take the technology’s integration potential to unprecedented levels, utilizing the design/development ecosystem developed here.
The design/development ecosystem is based on 3 pillars:
g EDA - design automation is the basis to perform complex design
creation and porting tasks. The EDA industry in Europe is particularly
powerful with implantations from the big US-based companies as well
as a lively ecosystem of small and medium size European companies
active in this domain;
g IP - availability of pre-designed building blocks is an absolute must
for any emerging technology. The implementation environment is a
vital part in conjunction with the IP needed for every complex SOC-development;
g services are a combination of IP and EDA-tooling. There is a rich
mix of SMEs in Europe focused on this topic, providing service offerings to bring the innovative potential of FD-SOI-technology into the
leading systems and end-applications, of which Europe is so rich.
The application domains identified for THINGS2DO are: Biomedical,
Aeronautics and spatial, Personal Portable Devices, among others.
They all need energy efficient systems to meet market needs.
The measurable results will show in the availability of a rich ecosystem of EDA-design flows, porting tools and design centering systems,
a rich IP-portfolio of design building blocks from a number of –sometimes competing – Design houses.

48 months
Jan. 2014 > Dec. 2017

THINGS2DO
at a glance
Project Coordinator
STMicroelectronics (FR)
Partners

BE: NXP
CZ: IMA , Institute of information
theory and automation
DE: Airbus Group Innovation, Cadence,
Dream Chip Technologies GmbH,
Eberhard Karls Universität Tübingen,
Fraunhofer EMFT, Fraunhofer IIS/EAS,
Global Foundries, Liebnitz University
Hannover, METAIO, Muneda
FI: VTT
FR: Airbus Defense & Space, Asygn,
CEA-Leti, CEA-List, Circuit Multi Projets,
Design&Reuse, Dolphin Integration,
Easii-IC, IMEP-LAHC, IMS Bordeaux,
Institut National de l’Information
Géographique et Forestière, Intel,
M3 Systems, Magillem, Synopsys,
Tiempo, TIMA
GB: Science and Technology Facilities Council
GR: ISD
PL: Politechnika Warszawska
PT: Instituto de Telecomunicações
RO: Institutul de Cercetare-Dezvoltare
si Inovare POLITEHNICA
TR: Tubitak

Total budget
e 120 m.
EC Contribution
e 18 m.

Architecture of the
proposed IOT node,
with the separate
Always-Responsive part
and On-Demand part.

Publications
• “Towards Fully Integrated 28nm
UTBB FD-SOI IoT Node: the sub50µW RF Receiver”, B. Martineau,
C. Jany, F. Todeschini, D. Morche
and E. Mercier, S3S Conference,
Burlingame, CA, USA, October 2016.
• “UTBB FDSOI Suitability for IoT
Applications : Investigations at
Device, Design and Architectural
Levels”, F. Berthier, E. Beigne,
F. Heitzmann, O. Debicki,
J.-F. Christmann, A. Valentian,
O. Billoint, E. Amat, D. Morche,
S. Chairat and O. Sentieys, Journal
of Solid-State Electronics, Vol. 125,
pp. 14–24, September 2016.
• “Ultra Low Power and Low Cost
Asynchronous Service Network
Architecture for Adaptive Blocks
Reconfiguration in an IoT Wireless
Sensor Node Circuit”, S. Chairat,
E. Beigné, I. Miro-Panades, F. Berthier
and M. Belleville, ASYNC Conference,
Porto Alegre, Brazil, May 2016.

Alexandre Valentian,
alexandre.valentian@cea.fr
© CEA-Leti

Marc Duranton,
marc.duranton@cea.fr
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Leti in WAYTOGO FAST
WAYTOGO FAST’s main objective for CEA-Leti is to extend as far as possible FDSOI
scalability (towards 10nm), while maintaining good performance in terms of power
consumption, reliability, compatibility with advanced CMOS and cost.
More specifically, CEA-Leti is developing all the modules needed to step up FDSOI
performance to meet the requirements of advanced 14FD SOI demonstrators as well
as examining path-finding solutions to push 14FD performance characteristics and
increase density.
To achieve the technological requirements, two main architectures have been developed: a first based on stepping up to 14FDSOI, the main solution for pilot line integration, and a second based on M3D I (Monolithic 3D Integration). CEA-Leti is also
supporting Strained Silicon-on-Insulator (SSOI) substrate development to push 14FD+
performance characteristics.
The first 14 FDSOI+ dedicated process modules have been developed specifically with
respect to electrostatic and mobility boosters. Some specific work has also been performed on local tensile stressors. Moreover, several technology blocks for producing
SSOI substrates have been initiated.
In line with the project’s new orientation towards extending the 28FDSOI domain,
CEA-Leti has implemented a stressor solution already developed for 14FDSOI to push
the Ultra-Low Power properties of 28FDSOI. Furthermore, specific work is ongoing in
relation to RF and higher voltage capability to manage embedded non-volatile memories on 28FDSOI.

© Fotolia-shocky
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WAYTOGO
FAST
Which Architecture Yields Two Other
Generations Of Fully depleted Advanced
Substrate and Technologies
The pilot line project WAYTOGO FAST leverages European leadership
in Fully Depleted Silicon on Insulator technology (FDSOI) so as to compete in leading edge technology at node 14nm and beyond preparing
as well the following node transistor architecture. Europe is at the root
of this breakthrough technology in extending Moore’s law. The project
aims at establishing a distributed pilot line between 2 companies:
g Soitec for the fabrication of advanced engineered substrates (UTBB:
Ultra Thin Body and BOx (buried oxide)) with and without strained
silicon top films;
g STMicroelectronics for the development and industrialization
of state of the art FDSOI technology platform at 14nm and beyond
with an industry competitive Power-Performance-Area-Cost (PPAC)
trade-off.
The project provides the first phase of a 2 phase program aiming at
establishing a 10nm FDSOI technology for 2018-19.
A strong added value network is created across this project to enhance
a competitive European value chain on a European breakthrough and
prepare next big wave of electronic devices. The consortium gathers
a large group of partners: academics/institutes, equipment and substrate providers, semiconductor companies, a foundry, EDA providers,
IP providers, fabless design houses, and a system manufacturer. E&M
will contribute to the objective of installing a pilot line capable of
manufacturing both advanced SOI substrates and FDSOI CMOS integrated circuits at 14nm and beyond. Design houses and electronics
system manufacturer will provide demonstrator and enabling IP, to
spread the FDSOI technology and establish it as a standard in term
of leading edge energy efficient CMOS technology for a wide range
of applications battery operated (consumer, healthcare, Internet of
things) or not. Close collaboration between the design activities and
the technology definition will tailor the PPAC trade-off of the next generation of technology to the applications needs.
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28 months
May 2015 > Sep. 2017

WAYTOGO FAST
at a glance
Project Coordinator
STMicroelectronics (FR)

CEA-Leti is also developing M3DI integration (CoolCube) to provide a real proof of
concept based on 28FDSOI technology. These research activities were started in 2016
with the first low temperature transistor processes and will continue throughout 2017.

Partners
AT: EV Group, Global TCAD
Solutions, Lam Research
BE: UCL
DE: Alcatel-Lucent, Bruker AXS,
Fraunhofer, Fujitsu,
GlobalFoundries, HQ-Dielectrics,
HSEB, LAM Research, MunEDA,
Siltronic, Socionext, Sony DE
ES: Universidad Granada
FI: Picosun OY
FR: AMAT, CEA-Leti, CNRS LTM,
INPG, Soitec, STMicroelectronics
Grenoble 2 SAS, STMicroelectronics
SA, TEL Europe
GB: GSS Ltd.
GR: ISD
IL: KLA-Tencor, NOVA Measuring
Instruments
NL: FEI Electron Optics

Total budget
e 99.4 m.
EC Contribution
e 25.8 m.
Contract Number
ECSEL-662175

Publications
• “Performance and reliability of
strained SOI transistors for advanced
planar FDSOI technology”,
G. Besnard, et al., 2015 IEEE
International Reliability Physics
Symposium 2015, doi:10.1109/
IRPS.2015.7112691.
• “Electrical characterization of
Random Telegraph Noise in backbiased Ultrathin Silicon-On-Insulator
MOSFETs”, C. Marquez, et al., 2016
Joint International EUROSOI Workshop
and International Conference on
Ultimate Integration on Silicon
(EUROSOI-ULIS) 2016, doi:10.1109/
ULIS.2016.7440047.

Cyrille le Royer,
cyrille.leroyer@cea.fr
Monolithic
3D Integration
(CoolcubeTM): first
demonstration of full
3D CMOS over CMOS
(TEM cross section
CEA-Leti).

Yves Quere,
yves.quere@cea.fr
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http://www.h2020-cosmicc.com/

Leti in COSMICC
CEA-Leti is contributing to COSMICC project at demonstrator device and circuit levels.
The institute has launched technological developments to enhance its 200mm R&D
Silicon Photonics platform with additional SiN material. This SiN layer, which is integrated to top of the Si layer with an intermediate SiO2 spacing layer, ensures greater
flexibility. In particular, the refractive index of SiN is less sensitive to temperature than
that of Silicon and this is an advantage for low-cost applications with no temperature
control. CEA-Leti is using this line to develop Si/SiN photonic devices, which are key
to 4-wavelength coarse WDM applications used at data centers: typically thermally
insensitive multiplexers/demultiplexers and broadband fiber grating couplers. CEA-Leti
is also working on the development of compact, low-operating voltage silicon modulators based on slow-wave light to reduce energy consumption and ease co-integration
with driver electronics. Work is also being performed to design and integrate hybrid
III-V lasers into the institute’s SiN-enhanced Silicon Photonics platform for developing
advanced fully integrated transmitter circuits.
CEA-Leti’s aim is to transfer fabrication of high-performance SOI/SiN key photonic
devices to the 300mm line at STmicroelectronics for integration in the two project
demonstrators.
Demonstrator packaging will be shared among the project partners.
CEA-Leti will be responsible for optical packaging (connection of 4 optical fibers to the
photonic integrated circuit) of the first project demonstrator, which features a 200Gb/s
aggregated data rate. This demonstrator comprises a 2-wavelength CWDM mid-board,
integrated silicon photonics transceiver integrating 50Gb/s photonic and electronic
components. At the second stage of the project, a full demonstrator with 4-wavelength
CWDM and 24 connected fibers will be developed to provide a 2.4Tb/s aggregated
data rate.

© Fotolia-Cybrain
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COSMICC

CmOs Solutions for Mid-board Integrated
Transceivers with breakthrough
Connectivity at ultra-low Cost
The COSMICC consortium gathers key industrial and research
partners with world-leading positions in the fields of Silicon photonics,
CMOS electronics, Printed Circuit Board-Packaging, Optical transceivers and Data-Centers around a strong vision: mass commercialization of Si-photonics-based transceivers is possible starting in 2019
by enhancing the existing photonic integration platform of one of the
partners, STMicroelectronics.
COSMICC will develop optical transceivers that will be packaged onboard. Combining CMOS electronics and Si-photonics with innovative-high-throughput fiber-attachment techniques, the developed
solutions are scalable to meet the future data-transmission requirements in data-centers and super-computing systems. The demonstrator will feature high aggregated data rate up to 2.4 Tb/s with 200
Gb/s per fiber using 12 fibers, low electrical energy consumption not
exceeding 2 pJ/bit and low-cost of arount 0.2€/bit.
With performances improved by an order of magnitude as compared
with current VCSELs transceivers, COSMICC developed technology
will answer tremendous market needs with a target cost per bit that
the traditional WDM transceivers cannot meet. The early setting up of
a new value chain will enable exploitation of the developed technologies.

36 months
Dec. 2015 > Nov. 2018

COSMICC at a glance
Project Coordinator
CEA-Leti (FR)
Partners

CH: Vario-Optics
FR: Ayming, STmicroelectronics,
Univ. Paris-Sud
GB: Cork Institue of Technology,
Seagate, Univ. Southampton, Univ.
St-Andrews
GE: Finisar
IT: STmicroelectronics, Univ. Pavia

Publications
•“Silicon photonics transceivers
for beyond 1 Tb/s datacenter
applications”, S. Olivier,
C. Sciancalepore, K. Hassan, D. Fowler,
B. Ben Bakir, T. Ferroti, H. Duprez,
J. Durel, A. Abraham, S. Plantier,
B. Szelag, S. Bernabe, C. Jany,
S. Menezo, C. Baudot, F. Gardes,
L. O’Faolain, D. Marris-Morini,
A. Ghilioni, M. Bruccoleri, A. Martinez,
R. Piwon, N. Crameri, T. Lamprecht,
SPIE Photonics West Conference,
San Francisco, United States,
January 2017.

Total budget
e 4 m.
EC Contribution
e 3.7 m.
Contract Number
688516

Ségolène Olivier,
segolene.olivier@cea.fr

Silicon Photonics
transceiver.

© CEA-Leti
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Leti in IRIS
CEA-Leti is contributing to the IRIS project:
g photonic component design on passive and active integrated optical devices;
g photonic integrated circuit fabrication using CEA-Leti’s 200mm clean room facilities;
g wafer-level testing for statistical analysis;
g electronic/Photonic integration for next generation demonstration;

© wikimedia commons

g 2nd generation optical devices as building blocks for the IRIS operational demonstrator;

EC Programme

FP7 ICT-2013.3.2 - Photonics

Keywords

Agile optical network
TransPonder Aggregator (TPA)
Wavelength-Division
Multiplexing (WDM)

IRIS
Integrated Reconfigurable

g 1st generation matrix switch for the demonstrator photonic integrated circuit;

Silicon Photonic Based Optical Switch

Jan. 2014 > Dec. 2016

IRIS aims at fabricating a highly integrated, scalable, transparent and
high capacity WDM Photonic Switch used as a Transponder Aggregator
(TPA), a novel function which will be added to existing ROADM nodes
without disrupting their architecture while adding attributes such as colourless, directionless and contentionless.

IRIS at a glance

For Metro networks, this switch will provide flexibility, energy efficiency,
very small footprint, low cost and faster reconfigurability. This novel integrated switch architecture is also suitable for Data Centre networking
due to its capability to manage large throughput in a single chip with
low cost, low footprint and low power consumption.
The new TPA will be based on a fully integrated electro-photonic device
realized by using Silicon Photonics with an unprecedented density of
photonic components (>1k on <30 mm2 chip area) controlled by >2k
electronic building blocks. The TPA target product is an optical sub-system for Metro applications driving 48 optical channels, with 100 GHz
spacing in the C-band, 4 different directions and 12 add/drop channels.
A fully packaged prototype will be implemented with 12 wavelengths,
4 directions and 8 A/D ports, it will be integrated with a commercial
transport node and tested with 10G and 100G signals.

g micro-bumping of 1st generation driving electronics.

36 months

Project Coordinator
Ericsson (IT)
Partners

AT: Technische Universitaet Wien
ES: Universidad Politecnica de
Valencia
FR: III-V lab, CEA-Leti, Mirsence
IT: Consorzio Nazionale
Interuniversitario per
le Telecomunicazioni,
STMicroelectronics, Universita
Degli Studi di Trento

Total budget
e 5.7 m.
EC Contribution
e 3.35 m.

Switch matrix Photonic
Integrated Circuit.

© CEA-Leti

Contract Number
619194
Christophe Kopp,
christophe.kopp@cea.fr

3D integration of
electronic driving circuit
on photonic integrated
circuit, enabling the
control of 768 rings
and 84 monitoring
photodiodes.
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Leti in LEO
After two years of intense activity, development of the main technological building
blocks within the scope of the LEO project has progressed well, in particular with several proofs of concepts and demonstrations achieved at CEA-Leti.
g Better performing electrodes. The advantage of vacuum-deposited Ag silver anodes
has been confirmed by the demonstrating +30% additional luminance compared with
conventional Al-based anodes. Similarly, an advanced top cathode concept using a
WO3/Ag/WO3 multilayer stack has been theoretically and experimentally demonstrated
to provide +50% light emission in mono-color, top-emitting OLEDs.

© Artemid
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Keywords
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Full colours OLED
Lighting
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Organic Light-Emitting
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Smart substrate
Thermally activated delayed
Top emission
White OLED

LEO
Low-cost /energy Efficient
Oleds for lighting
LEO ambitions innovative manufacturing concept & routes towards high performance bendable and low cost OLEDs for general and
mood lighting merging conventional and proven technologies with
disruptive approaches (e.g. substrate, architecture, hybrid wet and
vacuum processing, layouts). The project targets the introduction of
novel materials combinations (conformable & functionalized metallic
substrates, Indium free electrodes and solution-processable organic
materials) in large area colour tuneable top emission white OLEDs.
R&D activities will be ramped-up from lab scale feasibility to pilot
line scale demonstration, delivering show off lighting systems with
the help of external lighting manufacturers (Artemide, Technology
Luminaires).
With common and innovative building blocks (substrate with integrated interconnecting, 80% transparent top electrode, 1E-6 g/m²/
day WVTR scratch resistant thin film encapsulation, 50% out-coupling
efficiency), these two complementary approaches will lead to demonstrations of large area warm/cold white macro-pixels and hybrid
full colours RGB OLEDs. LEO will also address cost reduction at materials and process levels, for that LEO has gathered all stakeholders
of the OLED lighting device fabrication value chain (except equipment
supplier), including substrate and organic materials suppliers (Arcelor Mittal, Cynora), an OLED manufacturer (OSRAM) and recognized
research centres in the field of OLEDs and life cycle analysis (CEA,
CNR, Gaiker).

g Better encapsulation. A CEA-Leti proprietary Al2O3/hard coat thin film encapsulation coating has been demonstrated to offer outstanding protection efficiency against
humidity together with excellent scratch resistance. The barrier performance achieved
(WVTR= 1.6x10-6 g/m2/day at 85°C / 85%HR) is among the best demonstrated in thin
film encapsulation.

36 months
Jan. 2015 > Dec. 2017

g OLEDs on metal foils. Several operational OLEDs have been successfully made by
vacuum deposition on low carbon steel foils functionalized by epoxy, using an upgraded
resist processed at CEA-Leti. With regard to opening the way to upscaled OLED technology on metal foils, a first decisive step has recently been completed with successful
manufacturing of top-emitting Tandem OLEDs to provide fairly uniform lighting on a
relatively large (25cm²) active area of low carbon steel foil.
Even more interesting is the device’s capacity for withstanding noticeable bending
during operation (see illustration). This specifically demonstrates this technology’s
capacity for producing conformable OLEDs based on the good mechanical behavior
of CEA-Leti proprietary thin film encapsulation. The next step will be confirmation of
this result on much larger metal foils (active area up to 100cm² and more) by project
industrial partner OSRAM. In this connection, a remaining critical issue is the limited
device lifetime, which will require a very high control of metal sheet surface quality to
suppress any potentially fatal defect.

LEO at a glance
Project Coordinator
CEA-Leti (FR)
Partners
BE: Advanced Coatings &
Construction Solutions SCRL
ES: Fundacion Gaiker
GE: Cynora Gmbh, Osram Oled
IT: Consiglio Nazionale Delle
Ricerche

g Rare-earth, metal-free OLED emitters (TADF). Initial integration of these innovative
materials has started at CEA-Leti’s 200mm OLED platform using green and blue emitting devices first. However, stack optimization is still required to achieve the exceptional performances announced by partner CYNORA (blue emission approximately 3 times
state-of-the-art value).

Total budget
e 4 m.
EC Contribution
e 4 m.
Contract Number
644742

• “H2020 LEO project: advanced
technologies for cheaper and
greener OLEDs”, B. Racine, E.Quesnel
et al., 9th International Symposium on
Flexible Organic Electronics (ISFOE16)
4-7 July 2016, Thessaloniki, Greece.
• “Defect analysis in low temperature atomic layer deposited Al2O3
and physical vapor deposited SiO
barrier films and combination of
both to achieve high quality moisture
barriers”, T. Maindron et al.,
JVST A 34, 031513 (2016);
doi: 10.1116/1.4947289.
• “Thin-film encapsulated white
organic light top-emitting diodes
using a WO3/Ag/WO3 cathode to
enhance light out-coupling”,
K. Bouzid, T. Maindron et al.,Journal
of the SID 2016.
• Futurenergy magazine, N°25,
Nov. 2015, page 40-42.
http://www.futurenergyweb.es/digitalversions/2015-11/index.html.

Etienne Quesnel,
etienne.quesnel@cea.fr
Laurent Fulbert,
laurent.fulbert@cea.fr
Operating bended
tandem OLED on
63x66 mm2 CEA-Leti
resist/LCS foil protected
with a simple flexible
thin film encapsulation.
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Leti in PIXAPP

NEW
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In this project, CEA-Leti is developing and transferring an innovative technique for
self-aligning microlens arrays on top of Photonic Integrated Circuits. This leads to inexpensive, mass production-compatible optical assembly of photonic devices for various
applications ranging from optical fiber high speed modules to biosensors. Copper micropillars (microbumps) are processed on top of Photonic Integrated Circuits. These
structures ensure accurate alignment (<1μm) of the microlenses used to collimate or
refocus an output beam.
This work will lead to a preliminary phase, during which the proposed technology
will be assessed. Current results from the IRT Nanoelec project indicate that a back
end process will be performed on reference wafers processed at IMEC. This involves
growing copper micropillars and eutectic solder caps on the top of Photonic Circuits.
At the same time, microlens arrays will be purchased from an external company as full
wafers and post-processed at CEA-Leti. The reference chips will be used to assess the
self-alignment process and characterize the residual misalignment, which is expected
to be submicrometric.
Additional optical characterization will be performed to analyze the output beam and
validate the microlens optical design. This assembly process will used SET equipment
at CEA-Leti and will be subsequently transferred to the Argotech company.
The method will also been applied to functional devices taken from various application
fields including optical Datacom communications and biosensors.
Once the method has been demonstrated on reference chips and demonstrator chips,
it will be proposed as an available assembly technique within the framework of the
PIXAPP platform.

PIXAPP
Photonic Integrated Circuits Assembly
and Packaging Pilot Line
PIXAPP will establish the world’s first open access Photonic Integrated
Circuit (PIC) assembly & packaging Pilot Line. It combines a highly-interdisciplinary team of Europe’s leading industrial & research organisations. PIXAPP provides Europe’s SMEs with a unique one-stop-shop,
enabling them to exploit the breakthrough advantages of PIC technologies. PIXAPP bridges the ‘valley of death’, providing SMEs with an
easy access route to take R&D results from lab to market, giving them
a competitive advantage over global competition. Target markets
include communications, healthcare & security, which are of great
socio-economic importance to Europe. PIXAPP’s manufacturing capabilities can support over 120 users per year, across all stages of manufacturing, from prototyping to medium scale manufacture. PIXAPP
bridges missing gaps in the value chain, from assembly & packaging,
through to equipment optimisation, test and application demonstration. To achieve these ambitious objectives, PIXAPP will:
g combine a group of Europe’s leading industrial & research organisations in an advanced PIC assembly & packaging Pilot Line facility;
g develop an innovative Pilot Line operational model that coordinates
activities between consortium partners & supports easy user access
through a single entry point;
g establish packaging standards that provide cost-efficient assembly & packaging solutions, enabling transfer to full-scale industrial
manufacture;
g create the highly-skilled workforce required to manage & operate
these industrial manufacturing facilities;
g develop a business plan to ensure Pilot Line sustainability & a route
to industrial manufacturing.
PIXAPP will deliver significant impacts to a wide stakeholder group,
highlighting how industrial & research sectors can collaborate to
address emerging socio-economic challenges.

48 months
Jan. 2017 > Dec. 2020

PIXAPP at a glance
Project Coordinator
University College Cork (IE)
Partners

BE: IMEC
CZ: Argotech AS
FI: VTT
FR: III-V Lab, EPIC, CEA-Leti
GB: Randox Laboratorie
GE: Ficontec Service,
Fraunhofer Gesellschaft,
Kit, Microfluidic Chipshop
IE: Eblana Pho
IT: Linkra
NL: Phoenix BV, Technobis IPPS,
TU Eindhoven, XIO Photonics BV

Total budget
e 15.6 m.
EC Contribution
e 13.4 m.

© CEA-Leti

Microbumps on a SOI
photonics chip.

Laurent Mendizabal,
laurent.mendizabal@cea.fr

Contract Number
731954

Targeted CEA-Leti
demonstration in the
PIXAPP project :
submicronic selfalignment of
microoptics on Photonic
Integrated Circuits.

Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
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Leti in REDFINCH

NEW

© Fotolia-boscorelli
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REDFINCH
Mid-InfraRed Fully Integrated Chemical
Sensors
Mid-infrared photonic integrated circuits (mid-IR PICs) are the subject
of increasing interest due to the large amount of sensing applications
in the 2-20µm wavelength range. Most molecules exhibit absorption
fingerprints in the mid-infrared (MIR) wavelength range corresponding
to their rotational/vibrational energies. Tunable-diode laser absorption
spectroscopy thus allows detection and concentration measurements
of many biological and chemical species. This is of crucial interest for
many societal applications such as health monitoring and diagnosis,
detection of biological compounds, monitoring of toxic gases, or of
greenhouse gas emission responsible for global warming, to name but
a few. However, state of the art sensing systems are large and delicate
which greatly hampers potential applications.
REDFINCH will use hybrid and monolithic integration of III-V diode and
Interband Cascade/Quantum Cascade materials with silicon to create
high performance cost effective sensors based on Photonic Integrated
Circuits. Integration creates extremely robust systems, in which discrete
components are replaced by on-chip equivalents, giving a simultaneous
improvement in ease of use and a reduction in cost.

42 months

In REDFINCH, two approaches will be followed: in the first phase, a hybrid mini-PA approach on Si and then a fully integrated µ-PA.
Used with QCL, a hybrid mini-PA appraoch allows to reach sub ppm detection capability
range in the MIR region. This platform is only compatible with small handmade production
and limited in cost reduction. REDFINCH will bring the platform to mass production facility
in order to:
g increase the manufacturing accuracy;
g access surface processing for harsh environments;
g reduce the cost.
In the second phase, initial work on M&NEMS technology applied to acoustic detection
will be extended to produce a proof of concept of a fully integrated photoacoustic sensor including M&NEMS microphone. The QCL on Si and coupling required for both of
these will be advanced in REDFINCH from work (proof of concept) done in other projects,
to hybrid die-to-wafer bonding with evanescent coupling. In the continuity of previous
european projects, CEA-Leti will bring its competencies on heterogeneous integration,
photoacoustic cell and microphone fields.

REDFINCH at a glance
Project Coordinator
CEA-Leti (FR)
Partners

AT: TU Wien
CZ: Argotech
DE: Endress Hauser, Fraunhofer IPM
FR: MirSense, Université de
Montpellier
IE: CIT

Total budget
e 3.9 m.
EC Contribution
e 3.9 m.
Contract Number
78024

Jean-Guillaume Coutard,
jean-guillaume@cea.fr
Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
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Leti in SEQUOIA
CEA-Leti brings its Silicon technology know-how and Grenoble-based infrastructures
to the SEQUOIA project. The institute’s infrastructures include state-of-the-art CMOS
200mm and 300mm wafer-processing lines. Design clusters have be extensively used
to provide the main building blocks of high speed hybrid III-V on silicon transmitters,
including silicon modulators, multiplexers and low loss grating couplers (Figure 1(a)).
CEA-Leti infrastructures also includes two 300mm wafer probe testers ensuring extensive electro-optical statistical analysis.
CEA-Leti’s major outcome is validation of frequency comb generation with quantum
dot/dash materials (on the hybrid IIIV/Si platform) as well as design, fabrication and
characterization of 400Gbps transmitters. At the current project stage, most of the
building blocks have been demonstrated with the exception of functional hybridization
of quantum dot/dash materials, which have been partially demonstrated to date.

© CEA-Leti
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SEQUOIA
Energy efficient Silicon transmittEr
using heterogeneous integration
of III-V QUantum dOt and quantum
dash materIAls
The SEQUOIA project intends to make significant new advances in
silicon photonic integrated circuits by heterogeneously integrating
novel III-V materials, namely quantum dot and quantum dash-based
materials on silicon wafers, through wafer bonding. Thanks to the
superior properties of those innovative materials, hybrid III-V lasers
with better thermal stability, higher modulation bandwidth and the
possibility of generating a flat wavelength-division-multiplexing comb
will be demonstrated. Moreover, the hybrid integration of nano-structured materials on Si allows to exploit the advantages provided by
silicon. In particular, optical filters can be directly integrated with hybrid quantum dot/quantum dash/Si lasers to create chirp-managed
lasers, which have an enhanced modulation bandwidth and extinction
ratio compared to directly modulated lasers. As an illustration of the
technology developed in SEQUOIA, transmitters with a total capacity
of 400Gbit/s (16x25Gbit/s) will be designed, fabricated and characterized.

g Design of the hybrid laser cavity has been experimentally validated (Figure 1(b))
using a distributed feedback laser unit fabricated within the SEQUOIA project scope.
The corresponding optical spectrum (Figure 1(c)) reveals an excellent 40dB side mode
suppression ratio with approximately 1mW emitted power.

48 months

Oct. 2013 > Sept. 2017

Publications

SEQUOIA at a glance

g Another example of building block demonstration is shown in the Figure 1(d) showing
the experimental spectrum of a high density silicon multiplexer with a channel spacing
of 100GHz and insertion losses below 2dB, which represents a new state of the art.

Project Coordinator
III-V Lab (FR)

g Combination of all building blocks is schedules for the next project phase to demonstrate fully integrated high speed (16x25Gbps) hybrid III-V on silicon transmitters.

Partners

DK: DTU
FR: CEA-Leti, University of Rennes 1
GE: INNOLUME, University of Kassel

The technology developed within the SEQUOIA project can be extended to other types
of transmitters, e.g. with extended link ranges, higher bit rates, higher WDM channel
numbers and other modulation formats. A broad range of applications, such as
sensing, health-care, safety and security, will benefit from the technology developed
in SEQUOIA.

Total budget
e 5 m.
EC Contribution
e 3.3 m.
Contract Number
619626

(a) Schematic view of
one type of high speed
hybrid transmitter
developed in the
Sequoia project,
(b) Picture of an hybrid
DFB laser and
(c) corresponding
optical spectrum,
(d) Silicon multiplexer
optical spectrum with
16 channels spaced by
100GHz.

© CEA-Leti

Karim Hassan,
karim.hassan@cea.fr

•DFB : Distributed
Feedback Laser
•MUX : Multiplexer

Laurent Fulbert,
laurent.fulbert@cea.fr

SEQUO A
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•“16x100GHz Echelle Grating
based Wavelength Multiplexer
on Silicon-on-Insulator Platform’’,
X. Pommarede, K. Hassan,
P. Billondeau, V. Hugues,
B. Charbonnier, and G.-H. Duan.,
IEEE Phot. Technol. Lett., Manuscript
accepted, 2017.
•“Temperature-Insensitive HighSpeed Directly Modulated 1.5µm
Quantum Dot Laser”, S. Banyoudeh,
A. Abdollahinia, V. Sichkovskyi, O. Eyal,
G. Eisenstein, J.-P. Reithmaier, IEEE
Photon. Technol. Lett. 28 (21),
pp. 2451-2455, 2016.
•“Hybrid III-V Silicon Photonic
Integrated Circuits for Optical
Communication Applications”,
G.-H. Duan, S. Olivier, C. Jany,
S. Malhouitre, A. Le Liepvre, A. Shen,
X. Pommarede, G. Levaufre, N. Girard,
D. Make, G. Glastre, J. Decobert,
F. Lelarge, R. Brenot, and
B. Charbonnier, IEEE Journ.
of Select. Top. in Quant. Elec. 22(6),
pp. 379-389, 2016 (invited).

© X. Pommarede et al.
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Power Electronics

ATHENIS 3D
E2COGAN
ENSO
EPPL
HiTEAS
ModulED
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www.athenis3D.eu

Leti in ATHENIS3D
CEA-Leti is coordinating the work package involving heterogeneous integration technologies for chip packaging. This includes:
g engineering and Development of 3D modules for harsh conditions:
• thick copper Redistribution Layer (10μm),
• thick copper Through Silicon Vias (TSV) with aggressive aspect ratio (40μm diameter 200μm depth),
• Chip-to-Chip interconnections;
g high thermal storage reliability and electromigration test campaigns;
g wafer level overmolding process development and first demonstrator.

© Fotolia- chombosan
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ATHENIS3D
Automotive Tested High Voltage and
Embedded Non-Volatile Integrated System
on Chip platform employing 3D Integration
ATHENIS3D provides the industry’s first 3D heterogeneous integration
technology platform for harshest automotive conditions with Through
Silicon Vias (TSV) and Wafer Level Packaging (WLP). A demonstrator car
proves the functionality of the 3D integrated electronics for an electrical
machine with start/stop function and the industry’s first 3D/TSV/WLP
DCDC converter with integrated inductor for the new 48V standard. Cost
savings from integration and a 5x reduction of PCB area with improved reliability are expected. For this purpose substantial technological
barriers such as flipchip mounting of a 90nm CMOS FPGA on a 180nm
HVCMOS Si interposer with Integrated Passive Devices (IPD), high density MRAM and magnetic sensors all meeting reliability requirements
up to 200C application temperatures have to be mastered for the first
time. This is achieved by combining TSV and HV-CMOS technology from
ams with CMOS and Cu-TSV technology from CEA-Leti, MRAM technology from Crocus and WLP technology from Besi. Platform scalability
is shown by flipchip packaging of 14nm CMOS samples on the interposer. New modules for TSVs, MRAM and Passives embedded in TSV
technology are developed to enable 200C applications. Valeo provides
system specifications, development and demo car evaluation. The other
partners contribute to the TSV, WLP and IPD technology (FhG, CEA-Leti)
and develop the required novel design, simulation, characterization and
reliability methods (UNIPI,TUW, FhG, UNIFE, Active, MASER).

Process development for the copper Through Silicon Via (TSV) has provided interesting
results for power application in a harsh environment:
AR 2.5:1 (TSV 80x200μm): fully integrated samples featuring front side rerouting / TSV
O80xH200μm / backside rerouting have been successfully processed and are now
being tested for thermal reliability and electromigration (2A per TSV).
AR 5:1 (TSV 40x200μm): using a bootm chemistry process, fully integrated samples
featuring front side rerouting / TSV O40xH200μm / backside rerouting have also been
successfully processed (see figures) and are now being tested for thermal reliability at
200°C and electromigration (2A per TSV).
Overmolding and screen-printing studies have been successfully conducted right up to
full integration. As the figures illustrate, the molding studies allowed us to perform underfilling and molding in one single step with a single material comprising stacked dies.
This represents a significant time saving in the process flow from capillary underfill die
level to collective vacuum lamination wafer level.
The screen printing process has been shown to be compatible with 100-300μm thick
wafers with a bow in the range of several hundreds of microns to samples mounted
directly on an application board or PCB.

36 months
Nov. 2013 > Oct. 2016

ATHENIS3D at a glance
Project Coordinator
AMS (AT)
Partners

AT: BESI Austria GmbH, TU Wien
DE: Fraunhofer
FR: CEA-Leti, Crocus Technology
SA, Valeo
IT: Active Technologies SRL,
Universita degli Studi di Ferrara,
Universita di Pisa
NL: MASER Engineering BV

Publications
• European Battery, Hybrid and Fuel
Cell Electric Vehicle Congress (EEVC)
2015 in Brussel (poster).
• “Automotive Tested High-voltage
and Embedded Non-volatile
Integrated SoC platform with
3D Technology”, E. Wachmann,
ATHENIS_3D, International conference
and exhibition for the design and
engineering of systems-on-chip
and embedded system (DATE) 2016
Dresden (Oral presentation).
• “Comparison of low pitch screen
printed SAC bumps versus ECD
manufacturing techniques for power
3D integrated device”, A. Plihon,
Micro/Nano-Electronics Packaging &
Assembly, Design and Manufacturing
Forum (Minapad) 2017 in Grenoble.

Total budget
e 9.1 m.
EC Contribution
e 6 m.
Contract Number
INFSO-ICT-619246
TSV 40x200µm
succesful process
integration.

Jean Charbonnier,
jean.charbonnier@cea.fr
Thin Silicon interposer
wafer (200µm) with
front side (left) stacked
and overmolded dies
and backisde balls
(right).
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Leti in E2COGAN
A major challenges for GaN-on-Si technology is the quality of epitaxial GaN growth on
the silicon substrate. CEA-Leti has primarily focused efforts on investigating and developing material processing for high performance GaN-on-silicon substrates and device
technology. The institute has conducted fundamental research into extended defect
types caused by buffer, epitaxy or device technology (edge and screw type dislocations,
stacking faults, grain boundaries, particles and other 3D defects), defect densities and
their influence on device performance and degradation mechanisms.
CEA-Leti has also investigated the use of in-situ SiN capping layers to reduce
surface states and provide better surface passivation. The impact of different capping
layers (GaN, SiN) on device reliability and the use of in-situ SiN to reduce possible
cross-contamination in CMOS fabrication have also been studied. Research activity
has included modeling, device testing and correlation of phenomena with device
performance.

© Fotolia -kasto
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E2COGAN
Energy Efficient Converters
using GaN Power Device
E2COGAN examines GaN-on-Si as a disruptive High Voltage technology for Schottky Barrier Diodes and High Electron Mobility Transistors
(HEMTs)) through the whole value chain up to demonstrators. More
precisely the capability of GaN-on-Si is shown to provide a well-balanced and application specific trade-off between the “corner” benefits given by higher efficiency, higher switching frequency, smaller
footprint and weight and competitive cost on system level with respect
to Si or SiC. The consortium provides an industry-centric approach
implying the whole GaN power electronics value chain from the substrate provider, GaN device manufacturer, assembly house to the end
user, supported by top academic institutes and other tool or service
providers (simulation software, measurement tools, etc.). Concerning
the GaN power devices the process is to consolidate 600V, 10A and
gradually explore higher voltages (up to 1500V) and currents (up to
100A) at the end of the project, giving priority to the early exploration
of applications below 10kW.
Reliability issues and parasitic effects are investigated through a
combined approach based on advanced electro/optical measurements and electro/thermo/mechanical TCAD simulations to understand and identify the Safe Operating Area and to develop a robust and
reliable GaN-on-Si power device technology platform. Demonstrators
are focused on two application domains of strategic relevance: Photovoltaics and Automotive.

36 months
Apr. 2013 > Mar. 2016

E2COGAN at a glance

New current collapse models have been validated, while the tools needed for characterization and testing are in place and the technology is well positioned for nearterm market entry. Through its several demonstrators, the project has proven that GaNon-Si as a disruptive high voltage technology has tremendous added value and huge
potential for developing high voltage devices offering higher efficiency and switching
frequency, smaller footprint and competitive cost at system level compared with Si
and SiC.

Project Coordinator
ON Semiconductor Belgium
BVBA (BER)
Partners

AT: CISC Semiconductor
BE: EpiGAN, NXP,
ON Semiconductors
CH: Synopsis CH
DE: Audi, Azzurro
Semiconductors, Fraunhofer,
Robert Bosch, Semikron,
University of Kassel
FR: CEA-Leti, CIRTEM, EADS, MC2
Technologies, Schneider Electric
IT: Bitron SPA, IUNET,
STMicroelectronics SRL
NL: TU Eindhoven
SK: NanoDesign, Slovenian TU
Bratislava
UK: University of Bristol

Total budget
e 26.1 m.
EC Contribution
e 3.9 m.
Contract Number
ENIAC-324280-2
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Fundamental studies of epitaxial layer structures, SiN passivation and device performance now provide the basis for significantly improved GaN devices. Testing up
to 1200V shows stable performance with promising potential for future commercial
devices.

Publications
• “A scenario of the ohmic contact
formation of a Ti-Al metallization
on AlGaN/GaN heterostructures for
power electronics applications”,
Dimitri B. et al.

Final demonstrator:
single phase
Photovoltaic inverter
using ON
Semiconductor GaN
power devices.

Erwan Morvan,
erwan.morvan@cea.fr
© OnSemi

Yves Quere,
yves.quere@cea.fr
TRL
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Leti in ENSO

NEW

The aim of the EnSO project is to demonstrate the competitiveness of new energy
solutions implementing microbattery and energy harvesting technologies for powering
autonomous Smart Objects in Smart Society, Smart Health, Smart Mobility and Smart
Production key applications.
During Year 1 of the project, Autonomous Micro Energy Source (AMES) requirements
were defined and two types of demonstrator were designed and built for evaluation.
These combine microbattery energy storage and energy harvesting (photovoltaic, thermoelectricity, mechanical harvesting).
CEA-Leti is mainly involved in developing microbattery technology. Regarding this aspect, a number of technical issues have been addressed, ranging from advanced material development to process industrialization and reliability. A microbattery manufacturing process has been optimized on a Gen5 pilot line and has been shown to be robust.
Handling solutions for very thin substrates (50μm) compatible with high temperature
processes have been studied and prospects are considered good. Moreover, an advanced patterning process for Free Form Factor microbatteries has been developed
and proof of concept of new electrolyte materials for reducing internal resistance by
a factor of 3 has been achieved. First 3V electrode materials have been manufactured
and tested, while up to 15 microbatteries have been stacked to improve capacity and
reduce internal resistance.
Finally, prototypes have been delivered to end-users for integration into autonomous
modules based on energy harvesting solutions and power management.

© Fotolia -arrow
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ENSO
Energy for Smart Objects
EnSO (Energy for Smart Objects) provides a unique European ecosystem in the field of high-performance autonomous miniature energy-harvesting power sources that enables development of new
innovative microelectronic systems for the IoT market in Europe.
The scope of the project encompasses energy solutions for powering “smart” objects in Smart Society, Smart Health and Smart Energy
key applications. EnSO develops automated assembly technologies
of shapable and customisable micro batteries, energy harvester and
power management building blocks, with scale up of a competitive,
high volume production capacity.
The main EnSO objectives are to:
g demonstrate the competitiveness of EnSO energy solutions for
powering autonomous Smart Objects;
g disseminate EnSO energy solutions with easy to use demonstration
kits to foster the take-up of emerging markets;
g develop high reliability assembly technologies of shapeable micro
batteries, energy harvester and power conditioning building blocks for
Autonomous Micro Energy Sources (AMES);
g develop and demonstrate very high capacity and very high density
rechargeable micro battery product family;
g develop customizable smart recharge and energy harvesting enabling technologies for AMES;
g demonstrate and evaluate the AMES design and manufacturing capability based on generic key enabling building blocks.

48 months
Jan. 2016 > Dec. 2019

ENSO at a glance
Project Coordinator
ST Microelectronics (FR)

Publications

Partners
BE: Henkel, Prayon SA,
Université de Liège
CH: BASF
CZ: CTU Prague
DE: AED Engineering, Airbus,
Applied Materials, Fraunhofer IIS
& EMFT, O-Flexx, Von Ardenne
DK: GN Resound
ES: CISC, Gas Natural SDG, idneo,
Ojmar
FR: Alpwise, CEA-Leti, CNRS,
Editag, Enerbee, Gemalto,
Ophtimalia, SKF, Solems,
Université FR Tours
NL: Evalan, Holst Centre, Maastricht
Instruments, Meyer Burger,
Nordson, SKF, Universiteit
Maastricht

Microbatteries on thin
substrate.

© CEA-Leti

Total budget
e 82 m.
EC Contribution
e 18.7 m.

© CEA-Leti

EnFilm microbatteries.

Raphael Salot,
raphael.salot@cea.fr
TRL

Contract Number
692482
Autonomous module.
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• “Iron pyrite FeS2 thin films as high
capacity cathodes for all-solid-state
lithium batteries”, B. Pecquenard,
F. Flamary, V. Pele, F. Le Cras, MRS,
Phoenix, 28/03-01/04/2016.
• “Bismuth Thin Films As Anodes for
Low Voltage All-Solid-State Li-Ion
Batteries”, B. Pecquenard,
J. Galipaud, S. Cotte, F. Le Cras,
PRIME, Honolulu, October 2-7, 2016.
• “Dual cation- and anion-based
redox process in lithium titanium
oxysulfide thin film cathodes for
all-solid-state lithium-ion batteries”,
V. Dubois, B. Pecquenard, S. Soulé,
H. Martinez, F. Le Cras, ACS Appl.
Mater. Interfaces.
• “Comprehensive characterization
of all-solid-state Li/LiPON/LiCoO2
thin films commercial
microbatteries by Electrochemical
Impedance Spectroscopy”,
S. Larfaillou, D. Guy-Bouyssou,
F. Le Cras, and S. Franger,
Journal of Power Sources.

© CEA-Leti
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Leti in EPPL
Building on recognized experience in 3D integration, CEA-Leti provides packaging
technology for power components. The main EPPL project topics include: silicon interposer technology and wafer level package for power applications, high current density/
peak current TSVs, Cu RDL and Cu pillar technology for power devices, UBM and bumping for power applications, D2W for power devices and high temperature temporary
bonding.
Within the scope of the EPPL project, a new fully 3D integrated H bridge device has
been proposed, designed and processed based on cooperation between Infineon, AMS
and CEA-Leti. This device has been designed with a 500μm pitch for the back side solder balls and 250μm pitch for TSVs. All the patterns have been designed in honeycomb
array to optimize integration of TSVs, pillars, passivation openings on the front side and
solder ball on the back side. Dedicated process modules have been developed and
applied for this power application in the kilowatt range including thick copper rerouting. The setup’s excellent electrical performance is reflected by a very low Kelvin TSV
contact resistance of 2.1mΩ and by fully functional DMOS devices.
CEA-Leti’s results confirm the way forward for new types of 3D applications in the field
of small power devices.

© Eisenhans - fotolia
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EPPL
Enhanced Power Pilot Line
The primary work of the project involves developing next generation
power semiconductors on 300mm wafers, setting up the required
technologies as pilot line manufacturing, and demonstrating reliable
and advantageous solutions for a wide range of ENIAC grand challenge
application fields. Set on a common technology base to be developed,
the project aims at achieving the realization of demonstrators in a
pilot line, and demonstrating production readiness in the large-scale
production environments of strategically selected products and technologies. The demonstrators are verified in fully functional, energy efficient power applications. Thus, the project establishes the technological base for providing leading energy efficient applications enabled
by innovations in power technologies.

36 months
Apr. 2013 > Mar. 2016

EPPL at a glance
Project Coordinator
Infineon Technologies AG (AT)
Partners
AT: AMS AG, CEST GmbH, CTR
Corinthian Tech Research, E.
Thallner GmbH, EV Group, Fronius
International, Infineon Technologies,
KAI, Montan universitat Leoben,
Plansee, TU Graz
DE: Fachhochschule Stralsund,
Fraunhofer IISB, Infineon
Dresden, Infineon
Technologies, LEAR,
Max-Planck-Institut,
Nmb-Minebea GmbH, Philips
Healthcare, TU Dresden
FR: Adixen, Air Liquide Electronic
Systems, CEA-Leti, Entegris, SPTS
IT: Infineon Technologies Italy
NL: E-MOSS, Heliox BV, Philips
Healthcare, TU Eindhoven
PT: IINL, Nanium SA

Total budget
e 74.8 m.
EC Contribution
e 11.2 m.
Contract Number
ENIAC-325608-2
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Publications

Si interposer
SEM Cross section:
TSV 80x200µm.

Optical view and
CT-Scan of the
demonstrator with
stacked Infineon Power
MOS on ams CEA-Leti
Interposer.

© CEA-Leti

• “System Integration - 3D Assembly
and Packaging makes the
difference”, K . Pressel et al., EPT300
& EPPL Inno Day 2015, Villach/Austria,
(May 2015).
• “The possible use of Plasma
Immersion Ion Implantation using
Pulsion Tool in power devices:
Study of CoolMos Poly-Si doping
application”, F. Torregrosa et al.,
EPT300 & EPPL Inno Day 2015,
Villach/Austria, (May 2015).
• “3D Integration for power MOS H
bridge power application”,
J. Charbonnier et al., ESTC 2016
Grenoble.
• “Silicon 3D integration for small
power devices”, J. Charbonnier et al.,
Chip Scale Review Vol 20 N°4, July/
August 2016.

Jean Charbonnier,
jean.charbonnier@cea.fr
TRL
© CEA-Leti
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Leti in HiTEAS
The final HiTEAS demonstrator is a complete acquisition chain compatible with a jet
engine environment.
The complete demonstrator is made of building blocks that have been independently
developed and characterized.
A battery-less Wireless Sensor Node (WSN) integrating an Application Specific Integrated Circuit (ASIC), a wind micro-turbine and a RFID antenna, ensures physical
parameter sensing, data coding and interrogation over the air from an RFID reader. The
WSN is supplied from the UHF RFID’s electromagnetic field or from a low-frequency
AC signal emitted by the wind micro-turbine.
The ASIC is fabricated using a high-temperature CMOS SOI silicon process provided
by XFAB. It integrates a versatile 8Sps-1kSps sensor interface to address both pressure and strain sampling rate requirements. In addition, a dynamic excitation scheme
lowers the transducer excitation current, thus enabling cable-less power supply to aeronautical grade 350 - 3kΩΩ resistance bridges. The ASIC also integrates an ISO1800063 front-end, which is connected to a dedicated antenna. An automatic mechanism
embedded in the ASIC selects the most efficient power source and generates the internal voltage supplies.
The silicon process is qualified up to 175°C, so the ASIC is limited to jet engine locations at which the temperature is below 175°C.
A wind micro-turbine has been developed and tested. I can power the WSN with only
a 3m/s air flow, is compatible with high temperatures (up to 250°C) and withstands
specified vibrations. The main characteristics of the wind-turbine are:
g size: 45x40x48mm3;
g weight: 50g;
g maximum vibration level: 20G;
g maximum operating temperature: 250°C;
g output power at 2.5m/s (25°C): 1000μW;
g output voltage at maximum power point at 2.5m/s (25°C): 2.2Vrms;
g reversible temperature loss (alternator efficiency): -8% at 180°C and -34% at 250°C.
The WSN is interrogated using a standard RFID reader, nevertheless specific RFID antennas have been developed to cope with temperature constraints. Two reader and tag
antennas have been simulated, fabricated and measured. They cover a 15MHz bandwidth (905MHz-920MHz) and have a maximum gain of 4.9dBi for the reader antenna
and 1.4dBi for the tag antenna. These antennas have been printed on a high-temperature Rogers RO4003C dielectric substrate. Measurements have confirmed that the
reflection coefficient of both antennas is stable over the temperature range. Finally, link
budget studies have shown it is possible to communicate between a >2 m tag-to-reader distance and to power remotely the WSN up to 30cm away.
The system developed within the scope of the HiTEAS project is versatile since building
blocks can be arranged or programmed in different ways to address a wide range of
usage scenarios. Current demonstrator maturity level is low but no showstopper to
increasing the system maturity level has been identified.
The work initiated in HiTEAS continues in the framework of the CEASSARLab, which is
a SAFRAN and CEA-Leti joint research laboratory.

© Rolls-Royce

EC Programme

CLEANSKY JTI-CS-2013-2SAGE-02-034 - Health
Monitoring -Wireless sensors

Keywords

Energy harvester
High temperature
Rfid
Sensor node

HiTEAS
High Temperature Energy
Autonomous System
In the European project Clean Sky, SAGE 2 (Sustainable And Green
Engines) project aims at designing, manufacturing and testing an
energy efficient Counter-Rotating Open-Rotor Demonstrator (with a
drastic reduction of CO2 and NOx emission compared to conventional
airplane engines).
Reduction of emissions in such jet engines requires a deep knowledge
of physical parameters inside the engine, and so requires a large
number of sensors to be implemented in the engine. Current aeronautic-compatible sensors require cables to wire-connect the sensor to
the FADEC. Number of cable becomes an issue when many parameters need to be acquired. Moreover rotating part in jet engines cannot
be monitor with wired sensors.
Objective of HiTEAS project is to demonstrate it is possible to wirelessly acquire data from a cable-free sensor node during jet engines
ground testing, withstanding aeronautics temperature and vibrations
constraints. The targeted temperature is from -30°C up to 250°C.
HiTEAS’s demonstrator includes the complete acquisition chain, including a Wireless Sensor Node (WSN), an interrogator with its antenna,
and a host controller (PC). The demonstrator is developed for being
mounted and tested in SAGE2’s demonstrator in Istres.

35 months
Fev. 2014 > Dec. 2016

HiTEAS at a glance
Project Coordinator
CEA-Leti (FR)
Partners

FR: CEA-Leti

Total budget
e 0.97 m.
EC Contribution
e 0.727 m.
Contract Number
632614

Publications
• “A Robust and Versatile, -40°C to
+180°C, 8Sps to 1kSps, Multi Power
Source Wireless Sensor System for
Aeronautic Applications”, R. Grezaud,
L. Sibeud, Fl. Lepin, J. Willemin, J.-Chr.
Riou, B. Gomez, VLSI2017 symposium,
Kyoto, Japan, 05-Juin / 09-Juin 2017.

Bertrand Gomez,
bertrand.gomez@cea.fr
Marc Duranton,
marc.duranton@cea.fr
TRL

HiTEAS’s demonstrator:
the sensor node.
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© CEA-Leti

HTSENS1 ASIC.

© CEA-Leti
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Leti in ModulED

NEW

CEA-Leti is the project coordinator. Within CEA, the project also involved the CEA-Liten
institute.
Several outcomes are expected:
g modular design of powertrain components for hybrid and electrical vehicle, including
e-motor, inverter, transmission and powertrain cooling systems (all partners);
g the inverter integrates new high bandwidth GaN transistors (CEA-Leti, TU/e, Brusa);
g the electric motor uses ferrite based permanent magnets to lower the content of rare
earth metals (CEA-Liten, Brusa);
g a new 6 phase electric motor using less rare-earth magnets;
g a new transmission design with a two-stage speed reduction;
g a high level regenerative braking system with extended range of energy recuperation
(Chalmers, Punch Powertrain);
g an integrated thermal system using phase change materials - PCM (RTWH Aachen,
CEA-Leti, ZG);
g vehicle simulation solution and services supporting high speed modular electric
powertrain (Siemens, RTWH Aachen).
Finally, a full scale demonstrator is planned with all the developments integrated within
an existing electric vehicle (e.g. BMW i3).

© Fotolia-Patrick P. Palej

EC Programme

Horizon 2020 - Green Vehicles
GV 04 2017: Next generation
electric drivetrains for fully
electric vehicles, focusing on
high efficiency and low cost

Keywords

Electric vehicle
Gallium Nitride (GaN)
Integrated inverter
Multiphase motor
Power electronics
Rare earth materials
Regenerative braking

ModulED
Modular Electric Drivetrains

36 months

Project ModulED aims at developing a market-driven new integrated
electric propulsion system with new e-machine design, advanced
motor electronics and improved transmission system.

ModulED at a glance

The powertrain itself will be modular to address multiple configurations for electric and hybrid vehicles.
The project targets:
g powertrain related losses reduced by 50%;
g power density increased by 5% with energy recuperation and mass
reduction, and also the development cycle of next generation electrical powertrain modules shortened by 25%.
ModulED is based on Permanent Magnet Synchronous Motor (PMSM)
and will develop new electrical machine using ferrites-based buried
permanent magnets resulting in a lower content of rare earth material.

Among those, CEA-Leti will specifically contribute to the design and realisation of the
inverter for the multiphase motor. The challenge is to design the phase, integrate the
GaN transistors, ensure proper cooling and reach the industrial requirement. The expected power for the motor is 70kW.

Project Coordinator
CEA-Leti (FR)
Partners

The modular design is key to ensure interoperability of all components with other
vehicle configuration such as hybrid. All developments are linked to an industrial
partner for its further exploitation. A scientific advisory board is set up and involves a
car manufacturer.

BE: Punch Powertrain
CH: Brusa
DE: RTWH Aachen, ZG
FR : Efficient Innovation, Siemens
NL: Eindhoven Technical University
SW: Chalmers University

New GaN Inverter

Total budget
e 7 m.
EC Contribution
e 7 m.

Motor

Battery

Contract Number
769953

© CEA-Leti

Development of a
6 phases inverter
using GaN devices.
This converter will be
integrated directly into
the motor, close to the
motor windings. This
integration allows a
significant weight
saving and modular
design.

Othman Ladhari,
othman.ladhari@cea.fr

© CEA-Leti

Bernard Strée,
bernard.stree@cea.fr
TRL

© CEA-Leti
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5G CHAMPION
5G MiEdge
CLEAR 5G
E3Network
FANTASTIC5G
FLEX5GWARE
HIGHTS
IBROW
INSIGHT
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MAPS
MiWaveS
MiWEBA
mmMagic
MOSAIC EU
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Wise-IoT
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Leti in 5G CHAMPION

NEW

© Lange

EC Programme

H2020-ICT-EUK-01-2016 5G
– Next Generation
Communication Networks

Keywords

5G
Backhauling
Core network
Millimeter wave technologies
Mobility
Satellite positioning
and communications

5G
CHAMPION

124

CEA-Leti contributions to the 5G CHAMPION project involve antenna design and
implementation of algorithms for high capacity mmWave backhauling/fronthauling.
CEA-Leti is also involved in defining and implementing a test bed dedicated to an
NB-IoT over-satellite channel and PHY layer definition, testing and validation using a
channel emulator.
CEA-Leti is developing electronically reconfigurable transmit array antennas for
backhauling and fronthauling at 28 GHz, designing RF impairment compensation
algorithms resistant to high order modulation, investigating solutions to joint use of
high-order modulation and spatial multiplexing and to signal transmission in strongly
time variant channels. CEA-Leti is also investigating advanced mobility management
solutions based on the C/U plane split.
CEA-Leti is proposing and comparing various waveform candidates to fulfill the requirements of 5G NB-IoT including critical applications. As a starting point, consideration
is given to the waveform used in existing or upcoming standards under 3GPP (e.g. LTE
category-M, LORA, NB-IoT).
The 5G-similar waveform (e.g. filtered multicarrier) can then be adapted to the specific requirements of low cost, low power consumption and satellite constraints
(RF characteristic/performance, satellite channel characteristics). CEA-Leti will investigate enhanced waveforms to lower the PAPR as much as possible, while maintaining acceptable complexity on the transmitter side. The outcome of the task will be
new waveform proposals (or enhancement of existing ones), performance validation
through simulations, algorithm design. The results of this task will be used for the
definition of the proof of concept demonstrator.
CEA-Leti is taking part in integrating 5G CHAMPION PoC work for the backhauling
solution.
Furthermore, CEA-Leti will implement the specified experimental satellite access test
bed on its flexible hardware platform (a dedicated hardware design facility offering a
hardware in-the-loop component) and its channel emulator. It will also conduct tests
and will take part in the 5G CHAMPION PoC validation and demonstration activities.

5G
CHAMPION
5G Communication with a Heterogeneous,
Agile Mobile Network in the PyeongChang
Winter Olympic Competition
5G -Next Generation Communication Networks - will be a global game
changer from a technological, economic, societal and environmental
perspective. The 5GCHAMPION project will develop key enabling technologies for a proof-of-concept environment to be showcased at the
2018 Winter Olympics in PyeongChang, Korea. This will allow maximum visibility for the available technology two years ahead of 2020,
i.e. the official launch of 5G. For this ambitious goal, 5GCHAMPION
will provide an efficient Korean/European collaboration framework,
establish new research and business relationships among consortium
partners and guarantee a cross-fertilization and thought leadership to
be continued after the life-time of the project. Forces will furthermore
be joint to drive the novel technologies to global standards and regulation bodies such as 3GPP, ETSI, IEFT, ITU, etc. and to thus maximize
the impact through a common Korean/European position.
Technical key contributions include i) a complex 5G set-up operating
inside and close to the PyeongChang Olympic venue, addressing indoor and outdoor propagation channels in mmWave & below 6GHz
spectrum; ii) high-speed broadband connection via mmWave high capacity backhaul in 24-28 GHz, using novel antenna arrays for wireless
back/front-hauling, enabling the provision of >2Gbps; iii) advanced
evolved packet core solutions for efficient system management with
virtualization through NFV/SDN in a secure backhaul architecture as
well as a novel SDN-based IPsec tunnel architecture; iv) novel accurate positioning solutions (<1m accuracy) using mmWave combined
with GNSS PPP; v) direct UL/DL communication between satellites
and 5G User Equipment ‘as is’ – a corresponding first ever proof-ofconcept will set-up; vi) better mobility support through a novel small
cell architecture & hybrid adaptive beamforming. The overarching
objective is to achieve a highly energy efficient system approach –
which is a key requirement and challenge for 5G.

24 months
Jul. 2016 > Jun. 2018

5G CHAMPION
at a glance
Project Coordinator
CEA-Leti (FR)
Partners

BE: iMINDs
DE: Fraunhofer Heinrich Hertz
Institute, Intel
FI: Nokia, University of Oulu
FR: CEA, Telespazio, Thales Alenia
Space
KR: Clever Logic; Dankook
University; Eluon; ETRI; Gwangju
Institute of Science and Technology,
Hanyang University; InSoft; HFR;
Korea Telecom; Mobigen; Seoul
Metropolitan Rapid Transit; Seoul
National University; South Korea
Telecom

Total budget
e 3 m.
EC Contribution
e 3 m.
Contract Number
723247

Publications
•“5G CHAMPION - Rolling out 5G at
2018 Winter Olympic Games”,
M. Mueck, E. Calvanese Strinati,
I.-G. Kim, A. Clemente, J.-B. Doré,
A. De Domenico, T. Kim, T. Choi,
H. K. Chung, G. Destino, A. Pärssinen,
A. Pouttu, M. Latva-aho4, N. Chuberre,
M. Gineste, B. Vautherin, M. Monnerat,
V. Frascolla, M. Fresia, W. Keusgen,
T. Haustein, A. Korvala, M. Pettissalo,
and O. Liinamaa Globecom 2016.
• “5G CHAMPION: 28 GHz 5G Proofof-Concepts at 2018 Winter Olympic
games”, E. Calvanese Strinati, IEEE
5G SUMMIT Berlin 2016, Germany,
November 2016 (Invited Talk).

Antonio Clemente,
antonio.clemente@cea.fr

5G champion
architecture
with WP split.

© CEA-Leti

Bernard Strée,
bernard.stree@cea.fr
TRL
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Leti in 5G MiEdge

NEW

© Fotolia -jamesteohart
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H2020-EUJ-01-2016 - 5G
– Next Generation
Communication Networks

Keywords

5G
Millimeter wave technologies
Mobile edge computing
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5G
MiEdge
Millimeter-wave Edge Cloud
as an Enabler for 5G Ecosystem
Objective 1: research, develop, and prove the 5G based MiEdge
concept whose viability will be evaluated by detailed theoretical and
numerical analysis and prototyped for proof-of-concept.
Objective 2: develop transmission schemes and protocols of
mmWave access/backhauling aimed to assist the mobile edge cloud
with caching/prefetching so as to realize ultra-high speed and low
latency service delivery, resilient to network bottlenecks, such as e.g.
backhaul congestion, users’ density, mission-critical service deployment, assuming three target scenarios: stadium, office, and train/
station.
Objective 3: develop novel ultra-lean and inter-operable control signaling over 3GPP LTE to provide liquid ubiquitous coverage in 5G
networks based on acquisition of context information and forecasting
of traffic requirements, in order to enable a proactive orchestration of
communication/computation resources of the mmWave edge cloud.
Objective 4: develop user/application centric orchestration algorithms
and protocols to adapt radio and computation resources of mmWave
edge cloud in 5G networks by utilizing traffic forecast provided by
liquid RAN C-plane to enable self-organized and proactive reservation
of the resources and satisfy low-latency service requirements.
Objective 5: develop a joint 5G test-bed integrating mmWave edge
cloud, liquid RAN C-plane, and user/application centric orchestration
to foster an effective impact of 5G MiEdge in both Europe and Japan, particularly in preparation of 2020 Tokyo Olympic Games. The
5G MiEdge test-bed will liaise actively with the other EU/JP consortium focusing on the network side as well as to leverage synergies
between alternative 5G concepts.
Objective 6: contribute to the definition of 5G mobile communications
standards in 3GPP and IEEE, as well as in open fora such as NGMN,
Small Cell Forum, and the International Telecommunication Union (ITU)
Industry Specification Group MEC, in terms of mmWave access, liquid
RAN C-plane, and protocols for user/application centric orchestration
by coordination across European and Japanese partners.

36 months
Jul. 2016 > Jun. 2019

5G MiEdge at a glance
Project Coordinator
Fraunhofer Heinrich-HertzInstitut (DE)

CEA-Leti is developing new solutions for millimeter wave (mmWave) communications
and mobile edge cloud technologies. The institute plans to extend its system level
simulator to characterize and assess future mobile networks. CEA-Leti’s projected outcomes in 5G MiEdge for each Work Package (WP) are:
g to contribute to defining the 5G ecosystem and to its usage through detailing possible user cases, scenarios and system architectures;
g to focus on investigating fundamental analytical trade-offs in future mobile networks.
This will ensure characterization of a complex, dense network, in which multiple radio
access technologies are used in combination with macro and small cells;
g to continue investigating joint beam steering and beam forming mechanisms to
improve user data rate and minimize co-channel interference based on machine learning tools. CEA-Leti is already designing learning mechanisms to construct real-time
context aware maps that describe available communication/computation resources,
together with clustering techniques aimed at finding a suitable clustering of communication/computation nodes;
g to assess proposed mechanisms through system level simulations.
CEA-Leti, as a dissemination and communication leader, intends to co-organize
promotion at international conferences and scientific events, and to publish results in
conference papers and journals.
One year after project start-up, CEA-Leti has disseminated its results in an invited IEEE
magazine, two journal submissions and a conference paper. Moreover, a patent is now
being drafted.

Partners

DE : Fraunhofer Heinrich-HertzInstitut, Intel
FR: CEA-Leti
IT: Sapienza University of Rome,
Telecom Italia
JP: KDDI R&D Laboratories Inc.,
Panasonic AVC Networks Company,
Tokyo Institute of Technology

Publications
• “Making 5G Millimeter Wave
Communications a Reality”,
A. De Domenico,
R. Gerzaguet, N. Cassiau,
A. Clemente, R. D’Errico,
C. Dehos, J. L. González,
D. Kténas, L. Manat, V. Savin, and
A. Siligaris, IEEE Communication
Magazine, 2017 [invited paper].

Total budget
e 1.5 m.
EC Contribution
e 1.5 m.
Contract Number
723171

© CEA-Leti

Antonio De Domenico,
antonio.de-domenico@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL
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Leti in CLEAR 5G
g CEA-Leti will contribute to the definition of the project use cases and requirements

NEW

© Schutterstock

EC Programme

H2020

Keywords
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Security
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CLEAR
5G
Converged Wireless Access for reliable 5G
MTC for factories of the future
CLEAR5G objective is to design, develop, validate, and demonstrate
an integrated convergent wireless network for Machine Type and
Mission Critical Communication (MTC/MCC) services for Factories of
the Future (FoF). Clear5G will deliver technical solutions addressing
the challenges of massive deployment of connected devices, security,
ultralow latency and ultra-high reliability in FoF applications, like remote maintenance and closed loop control systems. The requirements
of these complex scenarios will be met through the convergence of
different wireless technologies, enabled by protocol and architecture
enhancements proposed by Clear5G.
Clear5G will focus on providing PHY, MAC, and architectural enhancements to meet the strict requirements of FoF applications in terms
of KPIs: latency, reliability, connection density, spectrum, and energy
efficiency, thus contributing to the ITU-R objectives (e.g. 1000 fold
connection density) for the next generation mobile network.
The Clear5G team comprises a combination of European and
Taiwanese successful, innovative, and well known major corporations,
SMEs, as well as research and academic institutions. The partners
have proven know-how in architecture, resource management, protocol enhancements, standardization, prototyping, and demonstration.
Proof of concepts will be tested on the 5GIC testbed in Europe, while
the final system demonstration, showing the tight integration and
cooperation of manufacturing and the Clear5G enhanced network,
will be implemented on the II testbed in Taiwan.
Clear5G brings together a strong and diverse set of European and
Taiwanese partners, including partners from the FoF sector; the complementarity of team, skills and expertise will bring added value to
5G research on both sides and will deepen international cooperation,
serving as a showcase of 5G empowering vertical industries. The
partners will contribute to relevant standardisation in both the communication and the manufacturing domains.
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30 months
Jul. 2017 > Dec. 2019

Clear 5G at a glance
Project Coordinator
University of Surrey (UK)
Partners

g Physical Layer Security CEA-Leti will work on the security at PHY layers. CEA-Leti
will also investigate to what extent physical attacks (side channel and fault attacks)
on the physical layer can impact its security, especially for novel techniques based
on lattices or error-correcting codes (or other “post quantum” techniques). Using the
state-of-the-art physical characterisation equipment (power measurement test bench,
Electromagnetic emission measurement test bench, laser fault injection equipment,
Electromagnetic pulses perturbation test bench, voltage glitching equipment, etc.),
practical attacks can be emulated to evaluate the degree of feasibility and threat of
such attacks in this project’s context. Countermeasures mitigating those risks shall be
studied and implemented.
g Heterogeneous Radio Access The use of multiple heterogeneous radio access technologies and spectrum bands brings new challenges to the MAC design. For example,
how to select and switch among multiple radio access technologies is key to both
resource utilization and individual performance in terms of throughput and latency.
CEA-Leti will study performance and limitations of LPWA solutions such as SigFox and
LoRa, in terms of reliability, scalability, medium utilization, energy consumption, mobility support, flexibility. CEA-leti will also improve the scalability of such technology by
extending star to mesh LPWA networks. The second step will be to propose a dual technology network in which 5G and long-range technologies can be jointly used. CEA-Leti
will investigate how to exploit the best of each technology offering a low-power time
synchronization and achieving highly reliable communication.

FR: CEA-Leti
GR: WINGS ICT Solutions Ltd
NL: Netherlands Organisation for
Applied Scientific Research
TR: Argela, Turk Telekom
TW: ADLINK Technology Inc., Fair
Friens EnterpriseCo, Ltd, Hon
Hai Precision Industry Co., Ltd.
Hsinchu Science Park Branch Office
(Foxconn), Institute for Information
Industry, National Taiwan University
UK: Toshiba Research Europe,
University of Surrey

Total budget
e 3.4 m.
EC Contribution
e 2.5 m.

Sylvie Mayrargue,
sylvie.mayrargue@cea.fr
Bernard Stree,
bernard.stree@cea.fr
TRL
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Leti in E3Network
g Development of a mmW design kit extension for BiCMOS 55nm technology to
provide high-frequency, reliable IC design.
g Development of a system level simulation platform and behavioral models for phase
noise simulation from circuit level simulations and measurements.
g Proposal of a frequency plan for the E-Band transceiver and design of a dual local
oscillator (LO) mmW frequency synthesizer for transmission (Tx) and reception (Rx)
front-ends.
g Positioning of CEA-Leti on the emerging field of integrated mmW transceiver
solutions for applications in backhauling, small cell, 5G and other high-speed and
high-data rate wireless communications.
g Contribution to levering a promising new SiGe BiCMOS technology developed
by STMicroelectronics for high-speed, high-performance markets such as the cellular
infrastructure, optical communications and radar Ics.
g Participation in first attempt to develop a fully integrated 10Gbps wireless
transceiver for medium range communication (1km) in E-band in partnership with
major industrial partners (Alcatel-Lucent, now Nokia – STMicroelectronics).
g Experimental validation of CEA-Leti’s recently proposed new methods of generating
mmW multiple-LO frequencies based on using pulsed and injection locked oscillators
(1 Ph.D. thesis, 3 patents).
g Demonstration of 10 Gb/s, E-band wireless link implementing 64QAM modulation.

© Fotolia - monsitj
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FP7 ICT-2011.1.1 Future Networks

Keywords
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(mmW RFICs)
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Voltage Controlled
Oscillator (VCO)

E3Network
Energy Efficient E-band transceiver

42 months

for backhaul of the future networks

Dec. 2012 > May 2016

E3Network designs an E-band transceiver for the backhaul infrastructure of future networks. It works in the E-band, which enables highly
focused «pencil-beam» transmissions and huge bandwidth. The pencil-beam property facilitates a high degree of frequency reuse in the
deployment of backhaul links and reduces EMF exposure. The transceiver will use modern digital multi-level modulations to achieve high
spectral efficiency. This together with the huge bandwidth will enable
high capacities above 10 Gbps.

E3Network at a glance

The RF analogue front-end of the transceiver will be a highly integrated circuit using advanced SiGe BiCMOS technology, which enables energy and cost effectiveness. However, a consequence of
transistors length reduction is an exponential increase of process
variations, leading to over-constrained designs to guarantee sufficient
post-fabrication performance yield. In order to achieve the required
performance, a mixed analogue-digital design approach together with
novel signal processing methods is applied.

Project Coordinator
CEIT (ES)
Partners

DE: Fraunhofer IIS, Silicon Radar
GmbH
ES: CEIT, IXIS, formely INCIDE
FR: CEA-Leti
GR: OTE AE
IT: Alcatel-Lucent,
STMicroelectonics
SE: Sivers IMA Aktiebolag

Total budget
e 5 m.
EC Contribution
e 3.5 m.
Contract Number
FP7-ICT-317957

Test board for a Band
E mmW frequency
synthesizer.

© CEA-Leti

Publications
• “ Synthèse de fréquence
millimétrique très faible bruit de
phase basée sur une multiplication
de fréquence par 30 en BiCMOS
55nm ”, C. Jany, et al., XIX JNM, 2015.
• “ A 45GHz/55GHz LO frequency
selector for E-band transceivers
based on switchable injection locked
oscillators in BiCMOS 55nm ”,
J.-L. Gonzalez, et al, ESSCIRC 2015.
• “ A Wideband and High-Linearity
E-band Transmitter Integrated in a
55-nm SiGe Technology for Backhaul
Point-to-Point 10-Gb/s Links ”,
D. del Rio, I. Gurutzeaga, A. Rezola,
J.-F. Sevillano, I. Velez, S.- E. Gunnarsson,
N. Tamir, C.- E. Saavedra, J.- L. GonzalezJimenez, A. Siligaris, C. Dehos,
R. Berenguer, in IEEE Transactions on
Microwave Theory and Techniques,
vol.PP, no.99, pp.1-12 (early access
March 2017).
• “ A 15–21 GHz I/Q Upconverter With
an On-Chip Linearization Circuit for
10 Gbps mm-Wave Links ”,
D. del Rio, I. Gurutzeaga, A. Rezola,
J.-F. Sevillano, V. Puayal,
J.-L. Gonzalez-Jimenez, R. Berenguer,
in IEEE Microwave and Wireless
Components Letters, vol. 27, no. 5,
pp. 512-514, May 2017.

Jose Luis Gonzalez-Jimenez,
joseluis.gonzalezjimenez@cea.fr
Didier Belot,
didier.belot@cea.fr
TRL
Fully integrated
frequency synthesizer
IC in BiCMOS 55nm
technology.
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http://fantastic5g.eu/

Leti in FANTASTIC5G
CEA-Leti is working on a flexible air interface for scalable service delivery, also known
as new non-backward compatible radio access technology (3GPP NR).
Objectives are threefold:
g flexible, efficient use of all available non-contiguous spectra through an FBMC-based
waveform (well localized frequency response);
g adaptation of the FBMC waveform to ensure compatibility with conventional LTE
signalling and MIMO schemes;
g coexistence with legacy LTE systems.
CEA-Leti’s contributions comprise:
g proposing an FBMC-based PHY layer for MIMO (Mobile Broadband services) and
short packets (Machine Type Communications) and ensuring compatibility with OFDM
principles. This new waveform is called Block-Filtered OFDM (BF-OFDM);
g proposing Radio Resource Mechanisms for intercell interference coordination and
packet scheduling, assuming BF-OFDM based PHY layer;
g developing a real-time over-the-air HW demonstrator (digital base band FPGA/ARM
and RF front-end) for assessing MIMO transmission performance in conjunction with
the new 5G air interface.
CEA-Leti achievements to date:
g demonstration of an FBMC-based waveform compatible with MIMO;
g demonstration of spectral efficiency up to 12 bit/s/Hz (256-QAM, 2x2, 3/4);
g demonstration of coexistence with legacy OFDM-based transmission.
Fragmented spectrum usage can be addressed digitally:
g a built-in digital filter of filterbank modulation allows for spectrum pooling;
g a flexible frame structure and adaptive resource block allocation can be envisaged.
Proposed waveform features:
g prototype filter optimized for time and frequency localization trade-off;
g low adjacent leakage;
g quasi-orthogonality in complex domain;
g efficient IFFT/FFT implementation.
Benefits of the approach are its suitability for fragmented spectrum usage, its suitability of coexistence with the legacy, limited guard band standard and its compatibility
with LTE concepts and well-known OFDM algorithms.

© Fotolia -Denys Rudyi
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Keywords
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FANTASTIC5G
Flexible Air Interface for Scalable Service
Delivery Within WIreless Communications
Networks of the 5th Generation
FANTASTIC-5G (Flexible Air iNTerfAce for Scalable service delivery
wiThin wIreless Communication networks of the 5th Generation) is
part of the 5G PPP initiative dealing with the air interface below 6 GHz.
5G is mainly about two ambitions: to find a response to the strong
growth of requested data rates (evolutionary effect) and to enhance
the business model of operators by widening the pool of services
(revolutionary target). The main objective of FANTASTIC-5G is to develop a flexible and scalable multi-service air interface (ambition 2)
with ubiquitous coverage and high capacity (ambition 1) where and
when needed. The new air interface is targeted to be highly efficient
in terms of energy and resource consumption as well as to be future
proof, allowing sustainable delivery of wireless services far beyond
2020.

24 months
Jul. 2015 > Jun. 2017

FANTASTIC5G
at a glance
Project Coordinator
Alcatel Lucent (DE)
Partners

DE: Huawei Technologies
Duesseldorf, FhG - Heinrich Hertz
Institut, Intel Mobile
Communications GmbH, University
of Bremen
ES: Centre Tecnològic de
Telecommunications de Catalunya
FI: Aalborg University, Nokia
Networks
FR: CEA-Leti, Orange SA, Sequans
Communications, Telecom Bretagne
GR: WINGS ICT Solutions
IT: Politecnico di Bari, Telecom Italia
S.p.A.
UK: Samsung Electronics

Total budget
e 8 m.
EC Contribution
e 8 m.
Contract Number
GA-671660
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Publications
• “Comparative study of 5G waveform candidates for below 6GHz air
interface”, R. Gerzaguet, D. Kténas,
N. Cassiau, and J-B. Doré, ETSI
Workshop on future radio technologies
- Air interfaces, 27-28 January 2016,
Sophia Antipolis, France.
• “5G Cellular Networks with Relaxed
Synchronization: Waveform
Comparison and New Results”,
J.-B. Doré, R. Gerzaguet and
D. Kténas, IEEE VTC Spring 2016,
May 2016, Nanjing, China.
• “Performance Analysis of Two-Tier
Networks with Closed Access
Small-Cells”, G.Ghatak,
A.De Domenico, and M. Couppechoux,
in Spatial Stochastic Models for
Wireless Networks (SpaSwin)
workshop, May 2016, Tempe, Arizona,
USA.

Dimitri Kténas
dimitri.ktenas@cea.fr
Synoptic
of the CEA’s
demonstration.

Bernard Strée,
bernard.stree@cea.fr
© CEA-Leti
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© Fotolia -Egor
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H2020-ICT-14-2014 Advanced 5G Network
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Keywords
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Mixed-signal technologies
RF front-ends and antennas
Software
SW modules and functions

FLEX5GWARE
Flexible and Efficient Hardware/software
Platforms for 5G Network Elements
and Devices
The overall objective of Flex5Gware is to deliver highly reconfigurable
hardware (HW) platforms together with HW-agnostic software (SW)
platforms targeting both network elements and devices and taking
into account increased capacity, reduced energy footprint, as well as
scalability and modularity, to enable a smooth transition from 4G mobile wireless systems to 5G. As argued in the proposal, this approach
will be necessary so that 5G HW/SW platforms can meet the requirements imposed by the anticipated exponential growth in mobile data
traffic (1000 fold increase) together with the large diversity of applications (from low bit-rate/power power for M2M to interactive and
high resolution applications). Flex5Gware adopts a holistic approach,
performing research and implementations on key building blocks of
5G (and cooperations among them) to provide versatile, flexible, reconfigurable, efficient operations for HW/SW platforms.
The development of this concept entails many system design challenges that will be solved through disruptive technologies. E.g., analogue
components to enable massive MIMO for mmWave, full duplex (simultaneous transmission and reception) for 5G waveforms, or reconfigurable SW architectures with interface abstractions for flexible control
and management mechanisms across heterogeneous wireless devices and access networks. Flex5Gware evaluates and demonstrates
the developed 5G technologies, in terms of proofs-of-concept, which
will be showcased in a demonstration event where all the partners in
the consortium will participate. The Flex5Gware consortium includes
large industry leaders from infrastructure providers, semiconductor
manufacturers and network operators as well as leading research
institutions and academia and is reinforced with the participation of
three SMEs. This powerful consortium, together with the measures
detailed in the proposal, ensure a huge impact of the Flex5Gware
results.
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24 months
Jul. 2015 > Jun. 2017

FLEX5GWARE
at a glance
Project Coordinator
Intel (DE)
Partners

BE: iMinds VZW (now IMEC),
Katholieke Universiteit Leuven
DE: Intel Mobile Communications,
ALcatel-Lucent Deutschland (now
Nokia), Fraunhofer
ES: Centre Tecnologic de
Telecomunicacions de Catalunya,
Tecnologias Servicios Telematicos
y Sistemas, Universidad Carlos III
FI: VTT
FR: CEA-Leti, Sequans
Commmunications
GB: NEC Europe Ltd
GR: Wings ICT Solutions Information
& Communication Technologies
IT: Consorzio Nazionale Interuniverstario per le Telecomunicazioni,
Università di Pisa, Telecom Italia
SE: Ericsson AB

Total budget
e 7 993 m.
EC Contribution
e 7 993 m.

CEA-Leti is contributing to the following project areas:
g LDPCs are high-performance coding schemes designed for 5G. They are recognized
as comparing favourably with turbo-codes for high-throughput applications because
of the intrinsic capacity of their Message-Passing (MP) decoding algorithms to accommodate high degrees of parallelization. In Flex5Gware, CEA-Leti is working on the
implementation of cost-effective, high-throughput LDPC decoders. The proposed approach relies on the use of imprecise computing and storage mechanisms designed
to reduce the size of LDPC decoder memory and interconnect blocks, recognized as
dominating overall performance of the hardware design. Implementation results show
that proposed decoders allow significant improvements in terms of both throughput
and hardware resources consumption compared with a baseline decoder and offer
even better or only slightly degraded decoding performance;
g full Duplex Radio offers a capacity gain depending on the level of Self Interference
Cancellation, which should be at least 65dB. Hybrid architecture is proposed, which
combines an RF-digital canceller with a pure digital canceller. First experimental results show a 55dB gain. Simulations show that the limiting factor is transmitter noise,
which creates the need for an additional RF self-interference stage and this will be
considered in future work;
g OFDM/FBMC comparison in terms of implementation complexity. The FBMC architecture working flow has been studied and flexible FBMC receiver architecture has
been reviewed. A flexible memory-based implementation approach has been investigated along with architecture-imposed requirements for hardware implementation. An
area estimation and comparison (memory and combinational logic) of OFDM and FBMC
has been performed for CMOS 65nm technology.

Publications
• “Flexible, Cost-Efficient, HighThroughput Archtecture for Layered
LDPC Decoders with Fully-Parallel
Processing Units Euromicro
Conference on Digital System
Design”, T. T. Nguyen-Ly, T.Gupta,
M.Pezzin, V.Savin, D.Declercq,
S.Cotofana, Limassol, Cyprus,
31 Aug.-2 Sept. 2016.
• “Flex5Gware: Flexible and efficient
hardware and software platforms for
5G network elements and devices”,
M. Payaró, M. Färber, P. Vlacheas,
N. Bartzoudis, F. Tillman, D. Ferling,
V. Berg, T. Rautio, P. Serrano,
D. Sabella, Transactions on Emerging
• “Telecommunications Technologies”, Vol 27, Issue 9, Sept 2016.
• “Reconfigurable HW/SW
Platforms for Flexibility in 5G
Network Infrastructures”, V. Foteinos,
N. Bartzoudis, O.-A. Liakopoulos,
M. Payaró, F. Tillman, D. Sabella,
V. Berg, S. Mayrargue, P. Serrano,
J. Valiño, P.Vlacheas, M. Färber,
P. Demestichas, CLEEN 2016
workshop in conjunction with
CROWNCOM 2016, Grenoble,
France, May 30-th, June 1rst 2016.
• “Flexible In-band Full-Duplex
transceivers based on a modified
MIMO RF architecture”, A. Debard,
P. Rosson, D.Dassonville, V. Berg,
CROWNCOM 2016, Grenoble, France,
May 30-th, June 1rst 2016.

Sylvie Mayrargue,
sylvie.mayrargue@cea.fr
Bernard Strée,
bernard.stree@cea.fr
© CEA-Leti
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www.hights.eu

Publications

Leti in HIGHTS
CEA-Leti is contributing to each of the five main fields of research and development
embraced by the HIGHTS project:
1) Design of cooperative algorithms enabling high-precision positioning of both “ego”
and neighboring vehicles (within ~ 0.2m location accuracy) with limited vehicle-tovehicle (V2V) communication footprint in terms of channel congestion, overhead and
latency. Design based on:
g Fusion/Filtering of:
• asynchronous positional data received from neighboring vehicles seen as virtual
anchors (e.g., over ITS-G5/IEEE 802.11p links);
• V2V range-dependent metrics (e.g., received power over ITS-G5/IEEE 802.11p links
or accurate time of flight using Impulse Radio - Ultra Wideband technology);
• GNSS (supporting various classes of performance);
• other on-board sensors (e.g. inertial units, camera-based lane detector, etc.).
g Selection mechanisms integrating only the most informative contributions from
neighboring vehicles (e.g., based on Bayesian performance bounds).
g Optimized V2V broadcast policies (i.e. controlling transmit power, message payload
and transmit rate) to ensure quasi-constant localization accuracy while complying with
ETSI decentralized congestion control mechanisms.
• mitigation of harmful effects inherent to V2V cooperation at both signal processing and scheduling levels (e.g. space-time correlations of fused observations under
constrained vehicle mobility, particles depletion in high-dimensional fusion filters, etc.);
• parametric V2V message approximation limiting the size of localization-specific payloads in transmitted packets.

Source http://blog.covivo.eu/category/vehicule-connecte/

EC Programme

H2020-MG-3.5a-2014:
Cooperative ITS for safe,
congestion-free and
sustainable mobility

Keywords
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Intelligent transport systems
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Navigation
Road users safety
Vehicular ad hoc networks
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HIGHTS
High Precision Positioning For
Cooperative-Intelligent Transport Systems
Foreseen Connected Intelligent Transport System (C-ITS) applications
will require a precise knowledge of vehicles’ geographical positions.
Unfortunately, conventional satellite-based navigation systems (e.g.,
GNSS and Galileo) cannot provide sufficient accuracy levels in common operating environments (e.g., urban canyons, tunnels) or they
may suffer from too large convergence times (cold start).
This project addresses this problem by combining satellite-based
systems with inter-vehicle wireless communication and ranging technologies (e.g., IEEE 802.11p/ITS-G5, IR-UWB, 5G millimeter wave radios...), as well as on-board sensing capabilities (e.g., laser-scanners,
camera-based lane detector, inertial units, wheel speed counter…).
Relying on hybrid data fusion algorithms and cooperative protocol
transactions, the goal is to enable highly-accurate and secure positioning with a constant quality of service (e.g., within 0.25m), but also
dynamic mapping (i.e., retrieving the relative positions of passive and
cooperative entities around each car).
The results are intended for integration into the facilities layer of ETSI
C-ITS architecture and should thereby become available for various
C-ITS applications in challenging use cases such as safety of vulnerable users and autonomous driving/platooning.
The project therefore contributes to the development of an enhanced
European-wide positioning service platform based on Local Dynamic Maps and built on open European standards. Proof-of-concept
systems developed in the project will combine infrastructure-based
and infrastructure-free devices, reference test vehicles, cooperative
communication means between road users and offline processing,
and will be evaluated in representative vehicular contexts. The project
finally aims at pushing and promoting the proposed solutions towards
standardization bodies.

36 months
May 2015 > Apr. 2018

HIGHTS at a glance
Project Coordinator
Jacobs University Bremen (DE)
Partners

2) Integration of adapted co-simulation tools (e.g. long-term traffic/mobility simulations
combined with conditional V2V radio channel and sensor error models) for realistic performance assessment (in progress).

DE: German Aerospace Center,
Ibeo Automotive Systems, IT21,
Objective Software, Robert Bosch,
Zigpos
FR: BeSpoon, Eurecom, CEA-Leti
LU: FBConsulting
NL: PaulsConsultancy,
Tass International
SE: Chalmers University
of Technology Gothenburg

3) Refinement of existing V2V radio channel models (e.g., geometry-based stochastic
model implementation) and unprecedented vehicle-to-pedestrian channel sounding/
characterization (pending).
4) Studies regarding the integrity/security of cooperative V2V radio links against jamming
and interception attacks (pending).

Total budget
e 6 m.
EC Contribution
e 6 m.

5) HW/SW devices integration with high-accuracy (i.e. mesh) ranging capabilities based
on Impulse Radio - Ultra Wideband (BeSpoon’s integrated circuits), contributing to the
demonstration of GNSS-enabled V2V cooperative localization (in progress).

Contract Number
636537 - H2020
Example of improved
“Ego” vehicle
localization through
vehicle-to-vehicle
cooperative positioning
(CP), fusing
asynchronous
awareness messages
from neighbors
(@ti) and on-board GPS
information.

“Breaking the Gridlock of Spatial Correlation in GPS-aided IEEE 802.11p-based
Cooperative Positioning”, G.M. Hoang,
B. Denis, J. Härri, D. Slock, IEEE Transactions on Vehicular Technology, Connected
Vehicles Series, Aug. 2016.
• “Robust Data Fusion for Cooperative
Vehicular Localization in Tunnels”,
G.M. Hoang, B. Denis, J. Härri, D. Slock,
IEEE Intelligent Vehicles Symposium 2017
(IEEE IV’17), Redondo Beach, June 2017.
• “Mitigating Unbalanced GDoP Effects
in Range-Based Vehicular Cooperative
Localization”, G.M. Hoang, B. Denis,
J. Härri, D. Slock, IEEE International
Conference on Communications 2017
(IEEE ICC’17), Workshop on Advances
in Network Localization and Navigation
(ANLN), Paris, May 2017.
• “Robust and Low Complexity Bayesian
Data Fusion for Hybrid Cooperative
Vehicular Localization”, G.M. Hoang,
B. Denis, J. Härri, D. Slock, IEEE International Conference on Communications 2017
(IEEE ICC’17), Paris, May 2017.
• “Cooperative Localization in GNSSaided VANETs with Accurate IR-UWB
Range Measurements”, G.M. Hoang,
B. Denis, J. Härri, D. Slock, IEEE Workshop
on Positioning, Navigation and
Communications 2016 (IEEE WPNC’16),
Bremen, Oct. 2016.
• “On Communication Aspects of
Particle-Based Cooperative Localization
in GPS-aided VANETs”, G.M. Hoang,
B. Denis, J. Härri, D. Slock, IEEE Intelligent
Vehicles Symposium (IEEE IV’16), Workshop
on Cooperative Communication and Positioning (CCP), Gothenburg, June 2016.
• “Select Thy Neighbors: Low Complexity
Link Selection for High Precision
Cooperative Vehicular”, G.M. Hoang,
B. Denis, J. Härri, D. Slock, IEEE Vehicular
Networking Conference 2015 (IEEE
VNC’15), Kyoto, Dec. 2015.
• “Distributed Links Selection and Data
Fusion for Cooperative Positioning in
GPS-aided IEEE 802.11p VANETs”,
G.M. Hoang, B. Denis, J. Härri, D. Slock,
IEEE Workshop on Positioning, Navigation
and Communication 2015 (IEEE
WPNC’15), Dresden, March 2015.
•

Benoît Denis,
benoit.denis@cea.fr
Bernard Strée,
bernard.stree@cea.fr
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www.ibrow-project.eu

Leti in IBROW
CEA-Leti is focusing on specific vital operations within the IBROW project: clean room
process developments, including wafer bonding, and in-situ characterizations of wafer
bonding.

© Schutterstock

EC Programme

H2020 ICT-06-2014 smart optical and wireless
network technologies

Keywords

III-V materials
Short range wireless
communication
Terahertz technologies

IBROW
Innovative ultra-BROadband
ubiquitous Wireless communications
through terahertz transceivers
The IBROW project addresses the growing requirement for high bit rate
short range wireless communication. It is expected that very soon data
traffic from wireless devices exceed that from wired devices. Forecast
suggest that wireless data rates of multiple tens of Gbps will be required with a few years and this demand cannot be met with current
technology. Resonant tunnelling diode (RTD) transceiver technology
could provide the solution:
g low cost simple wireless transceiver architecture;
g already 10 Gbps is possible by exploiting the mm-wave and Thz
frequency spectrum;
g up to 100 Gbps is feasible in the longer term.
iBROW develops a novel short range wireless communication tranceiver
technoloy that is:
g energy-efficient, compact and ultra-broadband;
g seamlessly interfaced with optical fibre networks;
g capable of addressing future network requirements.
IBROW achieves a novel RTD device technology on a III-V on Si platform
integrated with laser diodes and photo-detectors. This approach offers
a simple technology that can be integrated into both ends of a wireless link, consumer portable devices and fibre-optic supported basestations.

36 months
Jan. 2015 > Dec.2017

CEA-Leti evaluates manufacturability techniques for implementing the RTD on a silicon
platform. Specifically, the institute coordinates development of III-V substrate bonding
on process silicon based on direct bonding technology. This involves characterization of
the incoming wafer, evaluation of standard and advanced surface preparation methods
as well as bonding quality evaluation.
In this way, CEA-Leti:
g extends III-V-on-Si bonding expertise to new applications (and possibly new specifications/needs for the bonding technique);
g improves the robustness and ensures total control of III-V-on-Si bonding technology
in close cooperation with III-V LAB, which develops optimized III-V epitaxial layers.

IBROW at a glance
Project Coordinator
University of Glasgow (GB)
Partners
DE: Alcatel lucent, Technische
universitat Braunschweig, VIVID
components
FR: III-V lab, CEA-Leti
GB: Compound semicondutor
technologies, IQE, Optocap
PT: Instituto de engenharia de
sistemas e computadores do Porto,
Universidade do Algarve

Total budget
e 4 m.
EC Contribution
e 4 m.
Contract Number
H2020 645369

© CEA-Leti

Publications
• “Innovative ultra-BROadband
ubiquitous Wireless communications
through terahertz transceivers”,
L. Pessoa, B. Peng, J. Wang et al.
iBROW, IEEE COMSOC MMTC
Communication – Frontiers 11,
p. 11-16 (Jan-2016).
• “High performance resonant
tunnelling diode oscillators for THz
applications”, J. Wang, K. Alharbi,
A. Ofiare, A. Khalid, H. Zhou,
D. Cumming, and E. Wasige, IEEE
Compound Semiconductor IC
Symposium, 11-14 Oct-2015;
New Orleans, LA USA.
• “G-Band MMIC resonant tunneling
diode oscillators Compound”,
J. Wang, A. Al-Khalidi, K. Alharbi,
A. Ofiare, H. Zhou, and E. Wasige,
Semiconductor Week 2016, 26-30
Jun-2016; Toyama, Japan.
• “Channel Characteristics Study
for Future Indoor Millimeter And
Submillimeter Wireless
Communications”, B.Peng, S. Rey and
Th. Kürner, 10th European Conference
on Antennas and Propagation, 10-15
Apr-2015; Davos, Switzerland.
• “Novel tunnel diode oscillator power
combining circuit topology based on
synchronisation”, A. Ofiare,
J. Wang, K. Alharbi, Ata Khalid,
E. Wasige and L. Wang, Asia-Pacific
Microwave Conference 2015, 06-09
Dec-2015; Nanjing, China.

Loïc Sanchez,
loic.sanchez@cea.fr
Yannick Le Tiec,
yannick.letiec@cea.fr
TRL

138

139

www.insight-h2020.eu

Leti in INSIGHT

NEW

© Fotolia-sdecoret
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INSIGHT
Integration of III-V Nanowire
Semiconductors for next Generation
High Performance CMOS SOC Technologies
The overall objective is to enhance advanced CMOS RF and logic capability through the use of III-V heterostructure nanowires monolithically integrated on a silicon platform. INSIGHT focuses on:
g development and evaluation of the performance of silicon based, 94GHz
III-V nanowire MOSFET low-noise amplifiers. The technology opens a path
for cost reduction of key mm-wave components for high bandwidth wireless applications;
g development of III-V nanowire MOSFETs on Si with breakdown voltage
of 6V, and evaluation of their performance in millimeter wave (90 GHz)
power amplifier circuits. These devices will increase output power available from Si CMOS compatible mm-wave technologies with benefits for
transceiver range and sensitivity;
g realisation of basic building blocks for future RF-circuits including
mixers, Voltage-Controlled Oscillators, and frequency dividers for prescalers using silicon based III-V nanowire MOSFETS;
g development of science and technology for all-III-V nanowire CMOS
on silicon targeting future technology nodes for 10nm and below. This
will be validated by the implementation and dynamic characterisation of
a flip-flop as demonstration of the co-integration of III-V n- and p-type
nanowire MOSFETs.
INSIGHT is a strong consortium with complimentary and well-documented
experience in III-V MOS technology and millimeter-wave circuit design
and implementation. Our main outcomes include : a)Technology toolbox
including, materials, processes and integration for III-V n- and p-channel
MOSFETs on a silicon platform, b) III-V nanowire MOSFET RF-transistor
technology, c) Circuit design library, d) Circuit demonstrators with a clear
technology path towards higher TRLs and commercialization.
Our vision is to use III-V nanowire CMOS technology for millimeter-wave
applications in a System-on-Chip approach, combining RF- and logic
on one Si chip. Additionally, applications for logic at the 10nm node and
beyond are foreseen.
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CEA-Leti is providing baseline CMOS processing capability for developing next generation circuits for high frequency devices, such as radio communication amplifiers (LNAs
and PAs). Co-integration of III-V technology with Si CMOS and all-III-V CMOS technology is performed in conjunction with the project partners to investigate the benefits of
III-V nanowire technology and to compare it with other available technologies. We have
demonstrated very high performance at the transistor level and have proposed the
most promising approaches to exploiting transistor properties at circuit level. INSIGHT
project work builds on initiatives targeting III-V integration in Si technologies, specifically focusing on trends in RF and mmW applications, which require new developments
for achieving high performance devices. CEA-Leti activities address the full development cycle with a complete investigation from materials through devices to full circuit
design and circuit evaluation for 90+GHz RF and mmW applications.
For the first time, we have demonstrated 3D Monolithic (3DM) integration of In0.53GaAs
nFETs on FDSOI Si CMOS featuring short-channel Replacement Metal Gate (RMG) InGaAs n-FinFETs on the top layer and Gate-First Si CMOS on the bottom layer with TiN/W
inter-layer contacts. State-of-the-art device integration has been achieved with the top
layer InGaAs using a Raised Source Drain (RSD) and the bottom layer CMOS having Si
RSD for nFETs, SiGe RSD for pFETs, implants, silicide and TiN/W plug contacts. The top
layer InGaAs n-FinFETs are scaled down to Lg =25nm and both the Si nFETs and pFETs
in the bottom layer are scaled down to Lg ~15nm. Finally, by means of inter-layer
contacts, we have demonstrated a densely integrated 3D 6T-SRAM circuit with InGaAs
nFETs stacked on top of Si pFETs. This ensures a considerable reduction in area compared with a 2D layout.

36 months
Dec. 2015 > Nov. 2018

INSIGHT at a glance
Project Coordinator
Lund University (SE)
Partners
CH: IBM Research
DE: Fraunhofer IAF
FR: CEA-Leti
IE: University College Cork - Tyndall
UK: University of Glasgow		

			
Total budget
e 4.25 m.
EC Contribution
e 3.5 m.
Contract Number
688784

Cross-section TEM
images show:
(a) InGaAs nFET on
SOI pFET,
(b) 22nm Lg InGaAs
nFET,
(c) 13nm Lg Si pFET,
(d) 25nm InGaAs
fin and
(e) top-view of 2D
and 3D inverter.

Publications

©CEA-Leti

• “Three-dimensional monolithic
integration of III-V and Si(Ge) FETs
for hybrid CMOS and beyond”,
V. Deshpande et al., Jap. J. Appl. Phys.
vol 56, 04CA05 (2017); doi: 10.7567/
JJAP.56.04CA05.
• “First Demonstration of 3D SRAM
Through 3D Monolithic Integration of
InGaAs n-FinFETs on FDSOI Si CMOS
with Inter-layer Contacts”,
V. Deshpande et al, 2017 Symposium
on VLSI Technology, Kyoto.

Hervé Boutry,
herve.boutry@cea.fr
Maud Vinet,
maud.vinet@cea.fr
Schematic
cross-section
diagram depicting
the InGaAs nFET on
SOI base wafer.
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www.i-risc.eu

Leti in i-RISC
CEA-Leti’s contributions to the i-RISC project is aimed at advancing knowledge and
understanding of error-correcting codes in the context of unreliable systems from two
complementary perspectives: (i) their ability to provide reliable error protection if they
themselves operate on unreliable hardware, and (ii) the development of specific methods
to embed error correcting techniques into the circuit design, such that fault-tolerant circuit design is achieved. A first contribution has been to develop the theoretical analysis
and to propose practical designs of error correcting codes with fault-tolerant encoder and
decoder architectures. A second contribution has been to develop the mathematical models and theory of error coding driven circuit synthesis to pave the way for new and more
powerful fault-tolerance techniques, which will be inherently a prerequisite for designing
forthcoming nanoelectric devices.
The main outcomes can be summarized as follows:
g error models that cover the effects of chip sub-powering, production imperfections,
environmental deterioration and aging. The effects of energy consumption, clock frequency, environmental conditions and area requirements on circuit error probability has
also been investigated;
g analysis and design of error correcting encoders and decoders able to provide reliable
error correction even if they are made out of unreliable components. In contrast to the
traditional use of error correcting codes, faulty hardware represents a new source of
errors that can perturb the encoding and/or decoding process;
g design of fault tolerance techniques by combining the codec architecture with the
hardware it protects. Proposed solutions exploit the links between graph representations
of digital circuits and of error correcting codes, thereby generating fault tolerant implementations of the circuit’s logical functionality.

© Fotolia - Paweł Michałowski

EC Programme

FP7-ICT-2011.9.1
FET-OPEN: Challenging
current thinking

Keywords
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i-RISC
Innovative Reliable Chip Designs from
Low-Powered Unreliable Components
The ongoing miniaturization of data processing and storage devices
and the imperative of low-energy consumption can only be sustained
through low-powered components. Lower supply voltages and variations in technological process of emerging nanoelectronic devices
make them inherently unreliable. As a consequence, the nanoscale
integration of chips built out of unreliable components has emerged
as one of the most critical challenges for the next-generation electronic circuit design. To make such nanoscale integration economically viable, new solutions for efficient and fault-tolerant data processing and storage must now be invented. The i-RISC project aims
at achieving these goals, by providing innovative fault-tolerant solutions at both device- and system-level that are fundamentally rooted
in mathematical models, algorithms, and techniques of information
theory. Proposed solutions will build on error correcting codes and encoder/decoder architectures able to provide reliable error protection
even if they themselves operate on unreliable hardware. The project
will develop the scientific foundation and provide a first proof-ofconcept by validating the proposed solutions on accurate error models and energy measurement tools developed within the project. In
the forthcoming challenge of nanoscale technologies, the i-RISC project is an essential prerequisite for preparing the European industry
for this paradigm shift.

36 months
Fev. 2013 > Jan. 2016

i-RISC at a glance
Project Coordinator
CEA-Leti (FR)
Partners

FR: Ecole Nationale Supérieure de
l’Electronique et de ses Applications
IE: University College Cork
NL: Technische Universiteit Delft
RO: Universitatea Politehnica
Timisoara
RS: University of Nis, Faculty
of Electronic Engineering

Total budget
e 2.2 m.
EC Contribution
e 1.6 m.
Contract Number
309129

Error Correcting
Code (ECC) augmented
combinational
circuits and evaluation
framework.
© CEA-Leti

Publications
• “Density Evolution and Functional
Threshold for the Noisy Min-Sum
Decoder”, C.L. Kameni Ngassa, V. Savin,
E. Dupraz, D. Declercq, IEEE Transactions
on Communications, vol. 63, no. 5, May
2015, pp. 1497-1509.
• “Analysis and Design of Finite Alphabet
Iterative Decoders Robust to Faulty
Hardware”, E. Dupraz, D. Declercq,
B. Vasic, and V. Savin, IEEE Transactions
on Communications, vol. 63, no. 8, August
2015, pp. 2797- 2809.
• “Analysis of Min-Sum based Decoders
Implemented on Noisy Hardware”,
C.L. Kameni Ngassa, V. Savin, D. Declercq,
Asilomar Conference on Signals, Systems
and Computers, Asilomar, CA, USA,
November 2013.
• “Min-Sum-based decoders running on
noisy hardware”, C.L. Kameni Ngassa,
V. Savin, D. Declercq, IEEE Global Communications Conference (GLOBECOM),
Atlanta, GA, USA, December 2013.
• “Unconventional Behavior of the Noisy
Min-Sum Decoder over the Binary
Symmetric Channel”, C.L. Kameni
Ngassa, V. Savin, D. Declercq, IEEE Information Theory and Applications Workshop
(ITA), San Diego, CA, USA, February 2014.
• “Finite Alphabet Iterative Decoders
Robust to Faulty Hardware: Analysis
and Selection”, E. Dupraz, D. Declercq,
B. Vasic, and V. Savin, IEEE International
Symposium on Turbo Codes and Iterative
Information Processing (ISTC), Bremen,
Germany, 2014.
• “Faulty Stochastic LDPC Decoders
over the Binary Symmetric Channel”,
C.L. Kameni Ngassa, V. Savin, and
D. Declercq, IEEE International Symposium
on Turbo Codes and Iterative Information
Processing (ISTC), Bremen, Germany,
2014.
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http://cordis.europa.eu/project/rcn/195713_en.html

Leti in MAPS
The general aim of MAPS is to study the feasibility and opportunities offered by integrated
mmWave massive arrays in 5G smartphones for personal radar and RFID capabilities for
environmental mapping and tagged object identification. This will enable different users
to share their maps and information collected from integrated sensors and objects, thereby offering the potential for people, objects and devices to connect in real time. The aim
is to go beyond the current state-of-the-art by introducing the innovative mmWave-based
network, which is expected to be a major player for upcoming 5G technology.
CEA-Leti’s main outcomes in relation to the project objectives are:
g adoption of massive arrays for simultaneous localization and mapping (SLAM) or
personal radar applications, enabling detection and localization of surrounding objects
through an accurate beamforming procedure. When a conventional constant false alarm
rate approach to an ideal-pencil beam pattern is adopted, signal detection ambiguities
can arise because of side-lobes, which can cause significant errors in target detection
and ranging.
The impact of massive array side-lobes on detection performance in personal radar applications has been demonstrated. To maintain antenna array complexity and minimize cost,
simpler array architectures are often considered at the expense of higher side-lobe level.
This issue has been investigated using simulated data to provide evidence of the need to
adopt a more robust detection and localization approach;
g joint conception of a massive array mask and a thresholding strategy robust in relation
to interferers in the side-lobe direction has been shown to combat the above issue the
proposed algorithm has been validated through simulated and measured data;
g a map-related channel model has been proposed starting from an office- and corridor-based measurement campaign. The most significant angular and temporal intra-cluster parameters have been derived and the inter-cluster statistics have been related to the environment characteristics with the objective to reproduce the channel,
when the environment geometry is given as in mapping applications. Based on the given
channel characterization, this offers the possibility of statistically reproducing the cluster
and path distribution as required for environment mapping applications;
g the impact of different design parameters on mapping performance has been investigated, when mmWave massive arrays are used for personal radars applications. Using
measured data and a grid-based Bayesian state space for map reconstruction, we have
demonstrated the impact of different design parameters and of the cleaning approach for
measured data;
g the feasibility and opportunities potentially offered by joint adoption of mmWave
and radio-frequency identification (RFID) technologies have been studied. Firstly, an
ad hoc reader-tag architecture has been proposed to describe the considered scheme.
Secondly, we have used a 60GHz measurement campaign to ensure preliminary system
validation. Subsequently, the possibility of localizing tags using beamsteering-based readers has been demonstrated.
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MAPS
Millimeter Wave Massive Arrays
Enabling Rfid/Radar Applications
on 5G Smartphones
Nowadays, a rising interest is moving towards the fifth generation (5G)
of wireless mobile communication, as numerous devices and different heterogeneous networks will be interconnected, guaranteeing
zero-distance connectivity between people, devices and objects. To
deal with the ever increasing data traffic demand and the low power
consumption requirements in the perspective of a sustainable growth,
smart solutions have to provide energy- and cost-efficient services.
In this context, the massive antenna arrays deployment in base stations, access points or mobile devices, appears like a viable solution
to meet these new challenges. Besides communication, the availability of such a technology can also allow other interesting applications such as accurate simultaneous localization and mapping (SLAM)
performed by a personal radar integrated in smartphones, enabling
new services in the device-to-device communication. In addition, the
interrogation of tagged objects placed in the environment through radiofrequency identification (RFID) technology will allow a mapping of
the real world into the internet space, enabling environment-related
applications and constitute the so called smart space within the Internet of Things concept. Moreover, the reduced wavelength at millimeter-waves (mmWaves) paves the way for packing a large number
of antenna elements into a small area, overcoming the difficult integration of laser-based or mechanical steering devices into mobiles.
Thus, the MAPS main objectives can be summarized as follows:
g models assessment for propagation and backscattering from objects in indoor environments at mm-waves;
g development of personal radar using mmWaves massive arrays;
g development of mmWaves passive RFID using massive arrays;
g development of environment-learning radar algorithms exploiting
massive arrays capabilities.

18 months
Jul. 2015 > Jan. 2016

MAPS at a glance
Project Coordinator
CEA-Leti (FR)
Partners
Individual fellowship (only CEA-Leti)

Total budget
e 129 k.
EC Contribution
e 129 k.
Contract Number
659067

Publications
• “Joint Energy Detection and Massive
Arrays Design for Localization and
Mapping”, F. Guidi, A. Guerra, D. Dardari;
A. Clemente, R. D’Errico, to appear in IEEE
Transactions on Wireless Communications
• “Personal Mobile Radars with
Millimeter-Wave Massive Arrays for
Indoor Mapping”, F. Guidi, A. Guerra and
D. Dardari, IEEE Transactions on Mobile
Computing, vol. 15, no. 6, pp. 1471-1484,
June 1 2016.
• “Passive UWB RFID for tag localization:
Architectures and design”, N. Decarli,
F. Guidi, and D. Dardari, IEEE Sensors
Journal 16.5 (2016): 1385-1397.
• “A Low Complexity Scheme for Passive
UWB-RFID: Proof of Concept”, F. Guidi,
N. Decarli, D. Dardari, F. Natali, E. Savioli and
M. Bottazzi, IEEE Communications Letters,
vol. 20, no. 4, pp. 676-679, April 2016.
• “Delay spread characterization of
millimeter-wave indoor backscattering
channel”, A. Guerra, F. Guidi, A. Clemente,
R. D’Errico and D. Dardari, Proc. 10th
European Conference on Antennas and
Propagation (EuCAP), Davos, 2016.
• “Delay spread characterization of
millimeter-wave indoor backscattering
channel”, F. Guidi, A. Clemente,
R. D’Errico, submitted to EuCAP 2017.
• “Crowd-Based Personal Radars for Indoor
Mapping using UWB Measurements”, A.
Guerra, F. Guidi, L. Ahtaryieva, N. Decarli, D.
Dardari, Oct. 2016, Nanjing, China.
• “Energy detection performance with
massive arrays for personal radars
applications”, F. Guidi, A. Guerra,
D. Dardari, A. Clemente, R. D’Errico, in
Proc. 11th EAI Int. Conf. on Cognitive Radio
Oriented Wireless Networks
(CROWNCOM), Grenoble, May 2016.
• “Environment Mapping with Millimeter-wave Massive Arrays: System Design
and Performance”, F. Guidi, A. Guerra,
D. Dardari, A. Clemente, R. D’Errico, in
Proc. IEEE Globecom, LION Workshop,
Washington D.C., USA, Dec., 2016.
• “Environment Mapping with Millimeter-wave Massive Arrays: System Design
and Performance”, F. Guidi, N. Decarli,
D. Dardari, F. Mani, R. D’Errico, in Proc.
IEEE Globecom, LION Workshop,
Washington D.C., USA, Dec., 2016.
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Example of a
reconstructed map
using measured
data with mm-wave
massive arrays and an
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based algorithm.
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MiWaveS
Beyond 2020 Heterogeneous Wireless
Network with Millimeter Wave Small Cell
Access and Backhauling
Providing broadband wireless communications to a majority of European citizens is a major objective of the EC at the horizon of 2020.
With a current annual growth rate in the range of 70%, the mobile
data traffic of smartphones, tablets, machine-to-machine and other
portable devices dramatically challenges the 4G wireless cellular
network currently under deployment. To sustain this growth, high
data-rate millimetrewave (mmW) technologies, that demonstrate
striking capabilities for short- and medium-range wireless communications, can bring a tremendous performance improvement.
MiWaveS develops the key technologies for the implementation of
mmW wireless access and backhaul in future 5th Generation heterogeneous cellular mobile networks, taking advantage of the wide unlicensed or light-licensed frequency bands available to allow flexible
spectrum usage as well as peak capacities above 10 Gbit/s aggregated throughput, well beyond the LTE-Advanced system. Installed in
dense urban environments, miniature mmW small-cell access-points
connected to the cellular network through optical fibre or mmW
wireless backhaul will support massive data exchanges for mobile
users with low latency, low interferences, high QoS and low power
consumption per bit. They will also contribute to a reduced exposure
of the public to electromagnetic fields (EMF) thanks to lower transmitted power and reduced skin penetration at mmW, steerable directive antennas focusing the signals in the directions of interest, and
reduced data traffic through the lower frequency legacy base-stations.
To lead this research in Europe, the MiWaveS consortium groups major
network operators, equipment/component providers, OEMs, research
institutes and academic institutions with world-known expertise in
the relevant areas for designing and demonstrating heterogeneous
cellular networks with mmW access and backhaul.

CEA-Leti is contributing to development and demonstration of new concepts of
flexible mmWave phased-array and transmit array antennas with beam-switching and
beam-steering capabilities for reconfigurable backhaul and mobile access in V-band.
CEA-Leti has generated the following outcomes:
g development and demonstration of a V-band transceiver module for user terminal
applications. This module includes a CMOS transceiver integrated with transmit and
receive antennas in a compact organic package providing small-size, low-power and
low-cost connectivity compatible with hand-held terminals requirements;
g based on the same CMOS transceiver chip, development of a new phased array
architecture for V-band access points. Multi-chip front-end implementation, in which
the transceiver is associated with multiple phase-shifting ICs to give cost effective,
low power consumption, scalable architecture. BICMOS technology is used for the
phase-shifting ICs to ensure higher transmit power and linearity; the phased array will
be integrated into multi-layer organic technology through integrated antennas;
g development of beam-switching, high-gain, transmit array antennas for backhauling applications requiring auto-alignment functions. These antennas are composed
of a transmit array panel on standard PCB technology and an active focal array including switching and phase-shifting functions. A dual structure of this type is needed to
achieve the high gains required in backhaul applications.

40 months
Jan. 2014 > Apr. 2017

MiWaveS at a glance
Project Coordinator
CEA-Leti (FR)
Partners

CH: Optiprint AG
DE: Intel Mobile Communications,
Signalion, Technische Universitaet
Dresden
ES: Tecnologias Servicios
Telematicos y Sistemas
FI: Nokia Solutions and Networks
Oy, Teknologian Tutkimuskeskus
VTT
FR: CEA-Leti, Orange,
ST-Microelectronics S.A.,
Université de Rennes I
GB: University of Surrey
IT: Telecom Italia,
ST-Microelectronics SRL
SE: Sivers

Total budget
e 11.3 m.
EC Contribution
e 7.4 m.
Contract Number
619563

Integrated 60 GHz user
terminal module; top
and bottom side.

© CEA-leti

© CEA-Leti

Publications
• “Millimeter-wave access and
backhauling: the solution to the
exponential data traffic increase in 5G
mobile communications systems?”,
F.C. Dehos et al., IEEE Communications
Magazine, vol. 52, no. 9, Sept. 2014,
p.88-95.
• “Millimeter-Wave Technologies for
5G: Opportunities, Challenges and
path toward Standards”, L. Dussopt,
2015 European Conference on Networks
and Communications (EuCNC 2015),
Paris, France, June 29-July 2, 2015.
• “Enabling Wireless Backhauling for
Next Generation mmWave Networks”,
M. Shariat et al., 2015 European
Conference on Networks and Communications (EuCNC 2015), Paris, France,
June 29-July 2, 2015.
• “A strategy for research projects to
impact standards and regulatory bodies - The approach of the EU-funded
project MiWaveS”, V. Frascolla et al.,
IEEE Conf. on Standards for Communications and Networking (CSCN 2015),
Tokyo, Japan, 28-30 Oct. 2015.
• “Recent Progress on MillimeterWave Radios and Antennas for
Wireless Access and Backhaul in 5G
Mobile Networks”, L. Dussopt,
L. Marnat, A. Moknache, EuCNC ,
Athens, Greece, June 27-30, 2016.
• “Hybrid Beamforming for Large
Antenna Arrays With Phase Shifter
Selection”, S. Payami, M. Ghoraishi,
and M. Dianati, IEEE Transactions on
Wireless Communications, Vol. 15,
n°11, Nov 2016.
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Leti in MiWEBA
CEA-Leti’s major outcomes in the field of front and backhaul link design:
g MiWEBA has stimulated close cooperation between CEA-Leti’s Antenna Design and
Algorithms laboratories;
g elevation and azimuth gains in antenna arrays at 60GHz carrier frequencies were
measured and used to assess the feasibility of a moving hotspot (HS) scenario;
g realistic deployment was simulated for this scenario: usage case was tramway
backhauling, i.e. a high-rate link between a fixed BS and a HS deployed on the tram
roof;
g beam switching requirements were specified based on several parameters including
distance between BS and HS and tram speed;
g multi Radio Access Technology (RAT) was also considered through data/control plane
splitting: data plane was based on mmWave frequencies, control plane was assumed
to be a typical 5G low-frequency link.

consortium MiWEBA

©

EC Programme

FP7-FP7-ICT-2013-EU-Japan
- Topic b Wireless Communications

Keywords

Adaptive beamforming
Backhaul
Data/Control split
Energy efficiency
Fronthaul
Heterogeneous network
Millimeter wave
Radio resource managment

MiWEBA
Millimeter Wave Evolution

CEA-Leti’s major outcomes in the field of radio resource management:
g development of radio resource management solutions to raise energy efficiency in
dense heterogeneous networks with millimeter wave small cells;
g extension of CEA-Leti’s system level simulator by integrating the mmWave
environment and technologies (e.g. channel model and directive antennas) into legacy
4G systems;
g realistic characterizations for assessing future 5G mobile networks.

36 months

for Backhaul and Access

Jun. 2013 > May 2016

Due to the explosion of mobile terminals, the data traffic on conventional networks could increase by 1000 times in next 10 years. To
face capacity shortage, 3GPP studies heterogeneous networks
(HetNet) with overlay of low-power base stations (BS) in the area of
conventional ones. Alternative mmW systems like 802.11ad are not
connected to cellular networks and restricted to AV equipment or
bridge across buildings. This project conducted R&D of mmW overlay
HetNet in which mmW ultra-broadband (UB) BS employs state-of-art
technologies of mmW devices and integrated them into conventional networks. Through system design, standardization, and validation
experiments, the project aimed to extend network capacity by 1000
times with reasonable cost and no loss of convenience to users. The
mmW overlay HetNet consists of the backhaul/fronthaul (FH) connecting mmW UB-BS with the cellular network, an access link (AL) integrating both conventional LTE cellular AL and the novel mmW link, and
a central controller to achieve seamless UE handover and dynamic
BS resources’ control. With careful design of this system and performance numerical simulations, we aim to standardize FH at the ETSI
ORI and AL at the 3GPP. We invented the data/control split access
scheme on cellular link to overcome the restricted coverage of mmW.
Furthermore, by implementing hardware prototype compliant to our
formulated international standard, we verified the performances of
the mmW overlay HetNet in real environment.

MiWEBA at a glance
Project Coordinator
Fraunhofer-Gesellschaft zur
Förderung der angewandten
Forschung
e.V. Heinrich-Hertz-Institut (DE),
Osaka University (JP)
Partners

DE: Fraunhofer-Gesellschaft zur
Förderung der angewandten
Forschung e.V. Heinrich-HertzInstitut, Intel Mobile
Communications GmbH
FR: CEA-Leti, Orange Labs
IT: Politechnico di Milano
JP: AVC Networks Company, KDDI
R&D Laboratories Inc., Osaka
University, Panasonic Corporation,
Tokyo Institute of Technology

Total budget
e 2 m. for Europe partners,
297,503,000 JPY for Japan
Partners
EC Contribution
e 1.3 m.
Contract Number
608637

C-u plane split.
BS: base station
HS: Hot Spot
mmW: millimeter wave.
© CEA-Leti

Publications
• “Millimeter-wave access and
backhauling: the solution to the
exponential data traffic increase in 5G
mobile communications systems?”,
C. Dehos, J.-L. González,
A. De Domenico, D. Kténas, and
L. Dussopt, IEEE Communications
Magazine, 2014, Vol. 52, Issue 9,
Pages 88 - 95.
• “Adaptive and Spatial Processing for
Millimeter Wave Backhaul Architectures”, I. Siaud, A.-M. Ulmer-Moll,
M.-A. Bouzigues, N. Cassiau, ICUWB
2015, Montréal, Oct. 4-7, 2015.
• “Millimeter-wave Evolution for 5G
Cellular Networks”, K. Sakaguchi,
G.K. Tran, H. Shimodaira, S. Namba,
T. Sakurai, I. Siaud, K. Takinami,
E. Calvanese Strinati, A. Capone,
I. Karls, R. Arefi, Th. Haustein, IEICE
Trans. Commun., vol. E98-B, no. 3,
pp.388-402, Mar. 2015.
• “Enabling 5G Backhaul and Access
with Millimeter-waves”, R.-J. Weiler,
M. Peter, W. Keusgen, E. Calvanese
Strinati, A. De Domenico, I. Filippini,
A. Capone, I. Siaud, A. Ulmer-Moll,
A. Maltsev, T. Haustein, K. Sakaguchi, EuCNC
2014, Bologna Italy, June 23-26, 2014.
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Leti in mmMagic

NEW

Main mmMAGIC project outcomes contributed by CEA-Leti:
g development of an mmWave channel sounder providing wide bandwidth and
antenna steering;
g mmWave channel measurement in indoor environments in E and V band. Characterization of channel properties, including spatial characteristics and frequency
dependence. Development of a geometric stochastic channel model for 5G applications
based on measurement results, in collaboration with the consortium;
g antenna solutions for access, backhaul and fronthaul applications. Investigation of
antenna impairments and models to be used in system-level simulations taking into
account usage case conditions. Analysis and design of transmit and phased arrays for
BS and user mobile;
g design of 5G waveforms such as Block Filter- Orthogonal Frequency Division Multiplexing (BF-OFDM) and Filter Bank Multicarrier Modulation (FBMC). Waveform optimization considering different channel conditions (e.g. mobility, Line of Sight/Non Line of
Sight conditions) and radio frequency hardware impairments. Investigation of compatibility and performance of candidate waveform with beamforming aspects;
g investigation of robustness of LDPC (Low Density Parity Check) decoders in relation
to computation unit impreciseness, improvement of latency and power consumption.
Theoretical analysis and practical designs of imprecise iterative decoders;
g software-based channel coder/decoder (C code) for Hardware in the Loop demonstration;
g participation in 5GPPP initiatives, dissemination and demonstration.

© Schutterstock
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mmMagic
Millimiter Wave Based Mobile Radio
Access Network for Fifth Generation
Integrated Communications
The mmMAGIC project will develop and design new concepts for mobile radio access technology (RAT) for mm-wave band deployment.
This is envisaged as a key component in the 5G multi-RAT ecosystem
and will be used as a foundation for global standardization. The project will thus enable ultrafast mobile broadband services for mobile
users, supporting UHD/3D streaming, immersive applications and
ultra-responsive cloud services.
A new radio interface, including novel network management functions
and architecture components will be proposed, taking as guidance
5G PPP’s KPI and exploiting the use of novel adaptive and cooperative beam-forming and tracking techniques to address the specific
challenges of mWave mobile propagation. The project will undertake extensive radio channel measurements in the 6-100GHz range,
and will develop and validate advanced channel models that will be
used for rigorous validation and feasibility analysis of the proposed
concepts and system, as well as for usage in regulatory and standards fora. The use of such extremely high frequencies for mobile
communications is challenging but necessary for supporting 5G’s
extreme mobile broadband service which will require very high (up to
10 Gbps) data rates, and in some scenarios, also very low end-to-end
latencies (less than 5ms).

24 months
Jul. 2015 > Jun. 2017

mmMagic at a glance
Project Coordinator
Samsung (UK)
Partners

DE: Alcatel-Lucent Deutschland AG,
Fraunhofer HHI, Huawei
Technologies Dusseldorf GmbH,
Intel Mobile, Rohde & Schwarz,
Technische Universität Dresden
DEN: Keysight Technologies
Denmark
ESP: IMDEA Networks Institute,
Telefónica
FI: Aalto Univ., Nokia Solutions
and Networks Oy NOK-N
FR: CEA-Leti, Orange
PL: Nokia Solutions and Networks
SE: Chalmers Univ., Ericsson AB,
Qamcom
UK: Samsung Electronics,
Univ. Bristol

Total budget
e 8.2 m.
EC Contribution
e 8.2 m.

Publications
• “E-Band Millimeter Wave Indoor
Channel Characterization”, A. Bamba,
F. Mani, R. D’Errico, in Personal, Indoor,
and Mobile Radio Communications
(PIMRC) 2016, Valencia (Spain), Sept.
2016.
• “Radio Channel Sounding Campaigns in EU H2020 mmMAGIC
Project for 5G Channel Modeling”,
K. Haneda, M. Peter, J. Medbo,
M. Beach, R. D’Errico, S. Wu,
J.-M. Conrat, International Symposium on
Antennas and Propagation (ISAP) 2016,
Okinawa Japan.
“White Paper on 6–100 GHz Channel
Modelling for 5G: Measurement and
Modelling Plans in mmMAGIC”,
M. Peter, et al.
• “Code-Aware Quantizer Design for
Finite-Precision Min-Sum Decoders”,
Z. Mheich, Tr. Nguyen-Ly, V. Savin, and
D. Declercq, IEEE International Black
Sea Conference on Communications
and Networking (BlackSeaCom), Varna,
Bulgaria, June 2016.
• “Non-Surjective Finite Alphabet
Iterative Decoders”, Tr. Nguyen-Ly,
K. Le, V. Savin, D. Declercq, F. Ghaffar,
IEEE International Conference on
Communications (ICC) 2016, Kuala
Lumpur, Malaysia, May 2016.
“Evaluation of Waveforms for Mobile
Radio Communications Above 6 GHz”,
A. Ali, L. Jian, G. Robin, et al., IEEE
GLOBECOM 2016 Workshop,
Washington D.C., USA, December 2016.
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Leti in MOSAIC EU
CEA-Leti is leading the Spintronics device production work. Together with other project
partners, its role is to coordinate and develop the magnetic tunnel junction stacks and
nanofabrication processes required to build nanoscale spin torque oscillators. The institute is specifically involved in demonstrating two magnetic configurations: free layers
with a homogenous magnetic configuration and free layers with a vortex configuration.
Numerous runs of nanoscale spin torque oscillators have been produced. Magnetic stacks with a resistance/area ratio as small as 1Ω/μm² and with a tunnel magnetoresistance
ratio (TMR) of 100% have been built and are reproducible. Functional nanofabricated
devices as small as 75nm have also been produced, while nanofabricated devices have
also been fabricated from magnetic stacks deposited by partner INL in vortex and homogenous configurations.
Working towards system level demonstrations, STNOs have been integrated within a
compact phase locked loop (PLL), developed by TU Dresden, and based on custom-integrated circuits for validating the generation function. Significant phase noise reduction
has been achieved, providing a positive step towards integrated, hybrid systems for accurate frequency generation using STNOs.
Proof of concept for frequency detection in the 200-500MHz range using standalone
vortex devices and the known rectification effect (RF current excitation converted into DC
current) has also been demonstrated. A new phenomenon, namely resonant expulsion
of a magnetic vortex, has been demonstrated by CNRS Thales and produces a sharp
variation in voltage at the resonant frequency. Using this effect and resonant frequency
dependence on device diameter, simultaneous detection of different RF signals has been
demonstrated in a first proof of principle that will lead to development of a new type of
nanoscale RF threshold detector.
STOs also provide a novel approach to signal mixing and modulation, in which the same
device can generate the signal via DC current injection and modulate it through an additional RF current at frequencies that are below the STO generation frequency. For uniform
devices, it has been shown that, under sinusoidal current modulation, the maximum modulation rate for frequency and amplitude modulation is determined by the amplitude
relaxation frequency fp of the order of a few tens to a few hundred MHz. Digital frequency
shift keying has demonstrated data rates up to 60Mbps for various devices, providing
insight into future wireless communication systems for wireless sensor networks.

© Fotolia -Sergey Nivens
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MOSAIC
EU
MicrOwave Spintronics as an
AlternatIve Path to Components
and Systems for Telecommunications,
Storage and Security Applications
The MOSAIC project builds on existing spintronics device level
knowledge to address system level requirements as a first crucial
step towards industrialization. Future generations of nanoelectronic
components and systems will be driven by nano-engineered semiconductor, magnetic and insulating materials. Disruptive More than
Moore paths to systems are provided by nano-scale microwave spintronics components due to firstly their unique spin polarized transport properties that appear only at nanoscale dimensions (<100nm
lateral, and 2-5nm vertical), secondly their unique (multifunctional)
microwave properties including signal generation, processing and detection and thirdly their compatibility with CMOS technology. Going
beyond previous device research, the project targets technological
breakthroughs in generating, processing (mix, modulate, synchronise) and detecting microwave frequencies. Based on innovative spin
transfer devices, four discrete systems are developed:
g ultrawideband frequency synthesis provided by spintronics
microwave components with novel circuit design on CMOS for realization of an adapted phase locked loop;
g ultrafast frequency detection using frequency discriminating level
detection;
g novel dynamic readout schemes for detecting frequency shifts
implemented for realization of high data rate read heads;
g broad bandwidth, high slew rate proximity sensor based on
frequency generation and modulation capabilities.

48 months
Jan. 2013 > Dec. 2016

MOSAIC EU at a glance
Project Coordinator
CEA-Leti (FR)
Partners
DE: TU Dresden
FR: CNRS, Thales SA, Thales
Communications and Security
PT: Laboratorio Iberico
Internacional de Nanotecnologia
SE: Nanosc AB, Sivers Ima AB
UK: The Queen’s University of
Belfast 				

Total budget
e 4.8 m.
EC Contribution
e 3.5 m.
Contract Number
ICT-317950

Fig 1: (a) Fully builtup PLL system with
bonded vortex STNO
and ICs on the main
PCB with the supply
module stacked
on top (b) Single
sideband phase
noise for free running
STNO and PLL locked
STNO.
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Fig2: a) Spin diode voltage vs external
frequency for a STNO of 400nm diameter at
Idc = 0mA and Prf = -10dBm. b) Expulsion
of the vortex core measured on a 200nm
STNO at Idc = 4mA and Prf = -10dBm
with an external magnetic field of 500 Oe.
c) Schematic of a vortex based STNO. d)
Measurement of two vortex core expulsions
for two STNOs, connected in parallel and
tuned with a dc current (Idc = 13mA for D
= 400nm and Idc = 3mA for D = 200nm)
and an 57 Oe in-plane magnetic field. The
rf current is injected to both STNOs via a
power divider.

Publications
• “Vortex spin-torque oscillator
stabilized by phase locked loop using
integrated circuits”, M. Kreissig,
R. Lebru, F. Protze, K.- J. Merazz,
J. Hem, L. Vila, R. Ferreira,
M.- C. Cyrille, F. Ellinger, V. Cros,
U. Ebels, P. Bortolotti, AIP Advances
2017, 7,DOI: 10.1063/1.4976337.
• “Spin transfer driven resonant
expulsion of a magnetic vortex
core for efficient rf detector”,
S. Menshawy, A.-S. Jenkins,
K.-J. Merazzo, L. Vila, R. Ferreira,
M.-C. Cyrille, U. Ebels, P. Bortolotti,
J. Kermorvant, V. Cros, AIP Advances
2017, 7, DOI: 10.1063/1.4973389.
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Leti in SPEED-5G
CEA-Leti’s main contributions to SPEED-5G involve MAC design and resource management for 5G traffic. On the MAC side, the institute is extending research into a new
FBMC-type waveform by defining medium access methods aimed at exploiting specific
features of reduced ou-of-band emissions. On the RRM side, CEA-Leti is contributing
resource allocation mechanisms capable of coping with 5G traffic patterns with various
Quality-of-Service (QoS) requirements.
Project outcomes are:
g specification and validation of a MAC protocol for broadband traffic supporting
various qualities of service (QoS) requirements, operating on the 5 GHz band and
complying with the European regulation;
g development of this protocol on a custome hardware platform to achieve its realtime implementation and its project testbed integration;
g over-the-air demonstration of the MAC real-time implementation; operation in
5GHz band is planned as well as the migration in the 3.5 GHz band, supporting the
CEA-Leti 5G technology validation field trial;
g contribution to the IEEE 1900.7 standardisation process. The aim is to support
QoS by defining new MAC extensions to the IEEE 1900.7-2015 standard (PHY/MAC
specifications for TV WS operation).

© Fotolia -alphaspirit
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SPEED-5G
Quality of Service Provisioning
and capacity Expansion through
Extended-DSA for 5G
With the advent of 5G, traffic exponential growth may lead to the
concept of spectrum crunch. SPEED-5G proposes to rely on a 3 dimensional model (densification, multi-technology, additional spectrum) referred to as extended-DSA (eDSA), where several technologies
are considered and managed in order to improve spectrum availability
along with the exploitation of a collection of technologies to support
capacity increase and service provision without impacting quality of
experience or even with improving it. SPEED-5G develops innovative
cloud-based architecture for ultra-dense networks based on a mix
of centralised and decentralised ressource management techniques,
which coordinate a group of small cells so that interference can be
managed taking into consideration opportunistic access on sub-6GHz
spectrum resources having diverse licensing regimes. Small cells implement a multi-RAT MAC able to apply resource management decisions on a local basis and to efficiently steer traffic on these band,
considering new waveforms like filterbank multicarrier (FBMC).
SPEED-5G is commited to investigate on the RRM/MAC framework
and will implement the most promissing solutions to show the gain
improvement on braodband traffic patterns, using a testbed which integrates HW platforms covering real-time MAC, wireless backhauling
and virtualised resource management.

33 months
Jul. 2015 > Mar. 2018

SPEED-5G at a glance

Ensuring the design and validation by simulation of resource management algorithms
for efficient heterogeneous traffic steering on unlicensed spectrum using reinforcement learning.
Development and performance assessment of dynamic channel selection strategy
using the probabilistic framework of the multi-armed bandit.
Conducting a study comparing the performance rovided by 5G waveforms and that
provided by the LTE legacy waveform in realistic conditions of coexistence with Wifi
networks.

Project Coordinator
University of Surrey (UK)
Partners
DE: Eurescom, Intel Germany
GmbH., Rhode-Schwartz
FR: CEA-Leti
GB: BT, University of Surrey
GR: Intracom Télécom, Wings
ICT Solutions
PT: Instituto de comunicações
Total budget
e 5.6 m.
EC Contribution
e 5.6 m.
Contract Number
671705

Benoit Miscopein,
benoit.miscopein@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL

Publications
• “Amendment proposal in IEEE/
DySpan P1900.7”, D. Noguet,
J.-B. Doré, B. Miscopein, IEEE 1900.7
working Group, February 2016.
• “Slicing over the 5G edge cloud
architecture”, S. Díaz,
A. De Domenico, B. Miscopein,
V. Frascolla, F. Miatton, Ó. Carrasco,
J. Calabuig, J. F. Monserrat,
B. Okyere, K. Briggs, M. Fitch,
submitted to IEEE Communications
Magazine on Network Slicing in 5G
systems.

Functional architecture
and hardware platform
of the Speed-5G MAC
demonstrator
FBMC: Filter-Bank
MultiCarrier
MAC: Medium Access
Control (layer)
PHY: Physical (layer)
RRM: Radio Resource
Management
© CEA-Leti

154

155

https://www.topas-eeb.eu/

Leti in TOPAs
TOPAs will link building performance (prediction) models to operational Building Management Systems (BMSs) and measurement technologies to improve prediction model
accuracy models and in-use building performance.
TOPAs adopts the principle of continuous performance auditing and considers not only
energy use, but also an understanding of how buildings are used and their climatic
state (environmental & air quality). The program implements a holistic performance audit process through supporting tools and methodologies that minimize the gap between
predicted and actual energy use.

© Fotolia -GKSD

EC Programme

H2020 / EeB-07-2015

Keywords

Building
Energy
Modelling gap

TOPAs
Tools for cOntinuous Building

CEA-Leti is deploying LINC middleware to coordinate the TOPAs tools and data. Deployment will be undertaken on MSIL Remote Terminal Units and on a selected Cloud
platform.

Performance Auditing

Nov. 2015 > Oct. 2018

TOPAs will develop an open, cloud based platform of analytic tools to
minimize the gap between the predicted and the actual energy usage
in blocks of buildings. TOPAs is targeting to reduce the existing gap
to 10% and approach additional energy savings in the pilot regions
up to 20%.

TOPAs at a glance

According to the World Energy Outlook reports, buildings are the
largest energy consumers in the western world with approximately
40% of total energy consumption contributing 30% to the total CO2
emissions. TOPAs will focus on reducing the gap from an operational perspective, hence supporting Post Occupancy Evaluation (POE).
TOPAs adopts the principle of continuous performance auditing and
considers not only energy use but also an understanding of how buildings are used and their climatic state (environmental & air quality),
thus providing a holistic performance audit process through supporting tools and methodologies that minimize the gap between predicted and actual energy use.

CEA-Leti will gain expertise in building modeling and management systems. this expertise could be transferred to CEA-Leti startup Bag-Era.

36 months

Publications

Project Coordinator
Motorola Solutions Israel Ltd
(MSIL)
Partners

DE: Fraunhofer Gesellschaft für
angewandte Forschung e.V.,
Technische Universität Dresden
FR: Azimut Monitoring, EMBIX,
CEA-Leti
IE: Cork Institute of Technology,
Energy Solutions, IBM Research
IL: Motorola Solutions Israel Ltd

Total budget
e 6.1 m.
EC Contribution
e 5 m.
Contract Number
676760

TOPAs aims at
developing an open,
cloud based platform
of analytic tools, to
enhance prediction and
performance, and to
provide decision
support, for building
and facilities managers.
CEA-Leti

©

• “Reliable Control through Wireless
Networks”, M. Louvel, F. Pacull,
M. - I. Vergara-Gallego, in 42nd Annual
Conference of IEEE Industrial
Electronics Society (IECON 2016),
Florence, Italy, Oct. 2016.
• “Coordination Scheme Editor for
Building Management Systems”,
M. Louvel, F. Pacull,
M. - I. Vergara-Gallego, in 42nd Annual
Conference of IEEE Industrial
Electronics Society (IECON 2016),
Florence, Italy, Oct. 2016.
•“Implementation of an Energy
Management Control Strategy for
WSNs using the LINC Middleware”,
M.- I. Vergara-Gallego, O. Mokrenko,
M. Louvel, S.Lesecq, in International
Conference on Embedded Wireless
Systems and Networks (EWSN’16),
Graz, Austria, Feb. 2016.
• “Combining Transactional and
Behavioural Reliability in Adaptive
Middleware”, A.- N. Sylla, M.Louvel
& É. Rutten, in the 15th International
Workshop on Adaptive and Reflective
Middleware (p. 5). ACM. Dec. 2016.

Maxime Louvel,
maxime.louvel@cea.fr
Marc Duranton,
marc.duranton@cea.fr
TRL
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http://wise-iot.eu

Leti in Wise-IoT

village olympique

Within the scope of the WISE-IoT project, CEA-Leti is providing its IoT data collection and
processing platform, sensiNact. This comprises a software platform enabling the collection, processing and redistribution of IoT data relevant to improving people’s quality of life
via various applications from domains such as smart city, smart home, smart transport,
etc. SensiNact provides programming interfaces for different data access modes (on-demand, periodic, historical, etc.) along with application development and deployment for
easily, quickly building innovative applications on top of the platform.

NEW
EC Programme

H2020-EUK-2016

Keywords

Europe
Internet of Things (IoT)
Korea
Mediation gateways
Semantic interoperability
Smart city
Smart healthcare
Smart ski
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The Wise-IoT project allows interoperability of sensiNact with other European and Korean
IoT platforms, such as FIWARE, Mobius (open source OneM2M implementation) and Oliot
(open source GS1 implementation), by creating specific adapters for each of these platforms.

© Foltolia - ID1974

Wise-IoT
Worldwide Interoperability
for Semantics IoT
While the Internet of Things is addressing a multiplicity of still-emerging standards and Alliance specifications with efforts to structure
them into reference architectures, the Wise-IoT project gathers lead
contributors from Europe and Korea to ongoing major global IoT standardisation activities with the objective to strengthen and expand
emerging IoT standards and reference implementation using feedback from user-centric and context-aware pilots. Based on morphing
mediation gateways concept, a trust-based recommendation system
is proposed, leveraging upon Context Information APIs enabling endto-end semantic interoperability and the dynamic distribution of analytic functions over a proposed ‘Global IoT Services’ (GIoTS). These
GIoTS provide IoT virtualisation and interaction with systems beyond
IoT together with trust building and management capabilities.
Six testbeds from Europe and South Korea will be federated to implement smart city, leisure and healthcare pilots demonstrating GIoTS
based applications roaming capabilities across continents. An iterative
development approach is being implemented to allow requirement
and architecture adjustments as well as alignment and contributions
back to on-going standardisation activities through submissions in
technical committees and interoperability events support. A strong
plan for dissemination has been set-up and will have its peak during
the trials to be run at PyeongChang Olympic and Paralympic Games.
The consortium composed of prestigious research institutes, SMEs
and large industries from Europe and Korea and will work in tandem
to contribute to the success of the Wise-IoT project. Wise-IoT will give
a particular attention to create an environment encouraging European
and Korean SMEs and startups to enter the IoT industry by enabling
access to a unified platform where interoperability among heterogeneous data in smart environments will be provided.

CEA-Leti is more specifically involved in a smart ski usage case at a ski resort near Grenoble. The sensiNact platform is used in a scenario, in which skiers are fitted with LORA
connectivity-enabled sensors that measure their performance and location, and provide
them with personalized recommendations. sensiNact ensures easy integration with other
collected data on detecting crowded areas, measuring snow quality and depth, detecting
emergency situations, etc. The platform allows the ski resort to use the collected data for
better managing resources.

24 months
Jun. 2016 > May 2018

Wise-IoT at a glance
Project Coordinator
Easy Global Market (FR),
Sejong University (KR)

Final simultaneous deployment of the smart ski usage case in France and Korea is planned
for the 2018 Winter Olympic Games in Pyeongchang.

Partners

CH: Fachhochschule
Nordwesstchweiz
ES: Santander Municipality,
University of Cantabria, Telefonica
FR: CEA-Leti, Institut MinesTelecom
KR: Gangneung Science &
Industry Promotion Agency, Gimpo
Bigdata Co. Ltd., Ireis, KAIST, KETI,
Kyungpook National University,
Samsung SDS, SK Telecom, Solu M
UK: Liverpool John Moores
University, NEC Europe

Total budget
e 3 m.
EC Contribution
e 1.5 m.
(+ 1.5 m. contribution
from Korean IITP)
Contract Number
723156

Wise-IoT provides
a world-wide
interoperable
Internet-of-Things
that utilizes a large
variety of different IoT
systems and combine
them with
contextualized
information from
various data sources.

Levent Gürgen,
levent.gurgen@cea.fr
© CEA-Leti

Dider Belot,
didier.belot@cea.fr
TRL
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BEAT
PRISMACLOUD
SocIoTal
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https://www.beat-eu.org/

Leti in BEAT
Within the scope of the BEAT project, CEA-Leti is:
g Performing vulnerability analyses of biometric systems, defining countermeasures
and providing tools to «spoof» fingerprinting systems.
Extensive testing of biometrics systems is required and a methodology for spoof creation has been developed and formalized in a database. This database is an extension
of published state-of-the-art information and includes highly innovative materials and
methods. All materials are freely available at «home improvements» or «artistic hobby»
stores. CEA-Leti is the main contributor of methods of spoofing fingerprint systems.

© Fotolia -deepagopi2011

EC Programme

FP7 SEC-2011.5.1-1
Evaluation of identification
technologies,
including Biometrics

Keywords

Biometric systems
Common criteria certification

BEAT
Biometrics Evaluation And Testing
The project’s main objectives are to:
g build an online and open platform to transparently evaluate biometric systems;
g design protocols and tools for vulnerability analysis;
g develop standardization documents for Common Criteria evaluations.
Such goals would be reached by:
g analyzing current solutions in terms of performance;
g identifying vulnerabilities, including privacy issues in a biometric
system;
g defining countermeasures;
g defining & implementing testing procedures.
By doing so, the project hopes to:
g achieve high reliability of biometric systems so that they become
standardized & comparable, potentially leading to a meaningful
increase in their performance;
g make sure that technology transfer from research to companies
becomes easier with the use of an interoperable framework;
g pave the way such that authorities and decision-makers become
more informed about the progress made in biometrics as results impact standards.

g Working towards testing protocol standardization and Common Criteria (CC) evaluation of biometric systems.
A document describing how a biometrics system can be evaluated under the Common
Criteria context has been produced. This methodology covers the various aspects of
an evaluation:
• security target content requirements;
• common criteria tasks to be included in an evaluation;
• specific characteristics of biometric system testing;
• methodology for vulnerability analysis and attack potential rating.

48 months
Mar. 2012 > Mar. 2016

BEAT at a glance
Project Coordinator
IDIAP (CH)

g Providing examples of applying this methodology to standard systems and example
of attacks rating.
CEA-Leti is the main contributor for the vulnerability analysis and assessment part of
the methodology.
This method and the examples show that biometrics systems can be certified at
various levels of Common Criteria (EAL1 to EAL4) with resistance up to “enhanced
basic” or “moderate”.

Partners

BE: KUL
CH: EPFL, Haute Ecole Spécialisée
de Suisse Occidentale, IDIAP
ES: Uni. Autonoma de Madrid
FR: CEA-Leti, MORPHO
GE: TUViT
TK: TUBITAK
UK: Uni of Surrey

g Inputs to ISO for standardization.
The methodology document has been submitted to ISO in the context of standardization of evaluation methodology. BEAT is mentioned as a main contributor for vulnerability assessment.

Total budget
e 4.7 m.
EC Contribution
e 3.5 m.
Contract Number
284989
Spoofs : ocular
prosthesis, lens,
fingerprint.

© CEA-Leti

Publications
• “BEAT: Biometrics Evaluation and
Testing”, A. Merle, International
Conference on Common Criteria
(ICCC), 2012.
• “BEAT: a Methodology for
Common Criteria evaluations
of Biometrics systems”, A. Merle,
J. Bringer, J. Fierrez, N. Tekampe,
International Conference on Common
Criteria (ICCC), 2015.

Assia Tria,
assia.tria@cea.fr
Alain Merle,
alain.merle@cea.fr
TRL
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https://prismacloud.eu/

Leti in PRISMACLOUD
CEA-Leti has contributed to PRISMACLOUD as follows:
g performance of risk analysis for some pilot use cases to showcase the benefit of
the new cryptographic tools developed within the project. Requirements for future
Common Criteria (ISO/IEC 15408) evaluations will be issued;
g evaluation of the sensitivity of the cryptographic primitives developed in the project
to physical attack (side-channel and fault injection). From the start, this will help identification of the critical portions of algorithms requiring special care to ensure secure
implementation. Insertion of suitable countermeasures will then be considered at an
early stage of implementation specification drafting;
g implementation of a redactable signature scheme that is robust to quantum computer attacks with quantum computers. This redactable scheme will serve as a selective
disclosure component that could be used in the e-health or smart-cities use cases.
Redactable signature uses a conventional signature as a core component, but is vulnerable to attacks based on Shor’s algorithm implemented over a quantum computer. The
post-quantum resistance requirement prompts selection of different technology, namely lattice-based cryptography. The state-of-the-art of lattice-based signature scheme implementation was reviewed to select the most efficient algorithm for integration
into CEA-Leti’s redactable scheme. The Bimodal Lattice Signature Scheme (BLISS)
was finally selected because it is efficient, sufficiently mature and backed by the
SAFECrypto project (ICT-644729, http://www.safecrypto.eu/);
g hardware implementation for a redactable signature scheme designed to ensure
tamper resistance and high speed. Correct hardware implementation of a strong
cryptographic algorithm is not necessarily secure because secret key data may leak
through physical measurements such as power consumption, electromagnetic radiations or the timing of operations. This vulnerability has led to a large number of attacks,
denoted side channel attacks. The literature proposes countermeasures to defeat such
attacks. CEA-Leti’s hardware specifications will take into account major attacks and
incorporate adequate countermeasures. Specific measures dedicated to the main
BLISS modules (e.g. NTT and Gaussian sampler) have been identified;
g implementation has started and a demonstration is planned for/was performed in
August 2017. Implementation security will be evaluated by penetration tests (side
channel attacks).

© Fotolia -bluebay2014

EC Programme

H2020 ICT-32-2014 Cybersecurity,
Trustworthy ICT

Keywords
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Privacy
Security
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PRISMACLOUD
Privacy and Security Maintaining
Services in the Cloud
Today, cloud computing is already omnipresent and starts pervading
all aspects of our life, whether in the private area or in the business
domain. In order to address the challenges and to enable the implementation of services with the intended security properties, a set of
goals for the PRISMACLOUD project has been identified.
In particular, the goals are:
g development of cryptographic tools to protect the security of data
during its lifecycle in the cloud;
g development of cryptographic tools and methods to protect privacy
of users;
g creation of enabling technologies for cloud infrastructures;
g development of a methodology for secure service composition;
g experimental evaluation and validation of project results.

42 months
Feb. 2015 > Aug. 2018

PRISMACLOUD
at a glance
Project Coordinator
Austrian Institute of Technology
(AT)
Partners

AT: Austrian Institute of Technology,
Graz University of Technology, XiTrust
Secure Technologies Gmbh
CH: Université de Lausanne
DE: Technische Universität Darmstadt,
Universität Passau, MikroPlan Gmgh
ES: ATOS Spain, ETRA
Investigacion y Desarrollo S.A.
FR: CEA-Leti
IL: IBM Israel Science & Technology
Ltd
IT: Fondazione Centro San Raffaele,
Interoute S.p.a., Lombardia Informatica
S.p.a.
SE: Karlstad University
UK: University of Newcastle upon Tyne

Total budget
e 8.4 m.
EC Contribution
e 8 m.
Contract Number
644692
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Alain Chambron,
alain.chambron@cea.fr
Electromagnetic
radiation.

© CEA-Leti

Bernard Strée,
bernard.stree@cea.fr
TRL
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www.sociotal.eu

Publications

Leti in SocIoTal

© Fotolia
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A reliable,
smart and secure Internet
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Keywords
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SocIoTal
Creating a socially aware
citizen-centric Internet of Things
SOCIOTAL addresses a crucial next step in the transformation of an
emerging business driven Internet of Things (IoT) infrastructure into
an all-inclusive one for the society by accelerating the creation of a
socially aware citizen-centric Internet of Things. It will close the emerging gap between business centric IoT enterprise systems and citizen
provided infrastructure. SOCIOTAL will establish an IoT eco-system
that puts trust, user control and transparency at its heart in order to
gain the confidence of everyday users and citizens. By providing adequate socially aware tools and mechanisms that simplify complexity
and lower the barriers of entry it will encourage citizen participation in
the Internet of Things. This will add a novel and rich dimension to the
emerging IoT ecosystem, providing a wealth of opportunities for the
creation of new services and applications that address true societal
needs and allow the improvement of the quality of life across European cities and communities.
SOCIOTAL builds on the foundations of emerging IoT architectures
and introduces the following innovative key target outcomes, ensuring that privacy and trust are deeply embedded in the resulting architecture:
1) A governance, trust and reputation framework combining a set of
innovative enablers that addresses the challenges of massive crowdsourced IoT infrastructure
2) A privacy-preserving context-sensitive communication framework
for IoT devices with adequate security enablers
3) A detailed understanding of technological and socio-economic barriers for citizen participation in an IoT
4) An intuitive environment inspired by social media tools that provides increased awareness and control and empowers citizens to easily
manage access to IoT devices and information, while allowing IoT
enabled citizen centric services to be created through open community APIs
5) Services piloted in two cities demonstrating the value of SOCIOTAL
to real word communities

37 months
Sep. 2013 > Oct. 2016

SocIoTal at a glance
Project Coordinator
Université de Surrey (GB)
Partners

ES: Ayuntamiento de Santander,
Universidad de Cantabria, Universidad
de Murcia
FR: CEA-Leti
IT: Centro di ricerca sviluppo e studi
superiori in sardegna
NL: Van Kranenburg Robbert Jan
RS: City of Novi Sad, Drustvo za
konsalting, razvoj i implementaciju
informacionih i komunikacionih
tehnologija dunavnet doo

g Architecture specification: CEA-Leti is providing the final architecture of the Sociotal
platform. Based on Fl-Ware and integrating the IoT-A-provided Architectural Reference
Model (ARM), the Sociotal platform introduces new user-centric modules and enablers
that offer security and privacy management services to manage the security and the privacy. New components have been introduced to hide the identity of persons or to manage
their reputation. Sociotal therefore provides a consistent, integrated platform that ensures
security and privacy through its design and end-to-end security guarantee.
g Open API for service development: CEA-Leti is providing open API for integrating devices based on heterogeneous protocols and data models. Based on a strong framework,
the programmer can focus on the protocol logic and data model alignment.
g Reputation management: a radiolocation engine has been developed and integrated
into the Sensinact gateway environment to feed location-based Reputation and Trust
(R&T) mechanisms. Mobile devices can now be positioned in 2D, relying on received
power (RSSI) measurements with respect to IEEE802.15.4-compliant anchor nodes disseminated in the environment. Time-stamped measurements and estimated position are
thus pushed as context information. Field validations have been conducted in a typical
indoor environment.
g Geo-localization enabler: a demonstrator has been developed to geo-locate a person
wearing a «sink’-type connected object in a building has been realized. Thanks to anchors
disseminated in the environment, the 2D coordinates of a person are accessible to any
person authorized to consult, so part of the user community. An enabler has been specially developed to follow the path of the person wearing the sink on the building map.
g Secret key management: CEA-Leti has finalized Secret Key Generation (SKG) studies at
radio physical layer level. This approach offers a flexible ad hoc alternative to conventional key distribution technique, thus contributing to secure group communications. More
specifically, we have considered SKG out of reciprocal multipath channel information
using real low-power integrated devices. A new quantization scheme has been proposed
to adapt better the channel impulse responses acquired by real devices. Resulting raw
keys exhibit fine randomness properties and fairly large length per channel probing.
g Service Creation Environment: CEA-Leti has developed a studio for developing services
for the SocIoTal platform. Based on the well-known Eclipse IDE, this facility offers an intuitive way of guiding the user through best practices, helping him to select devices based
on their trust and reputation. The application can be deployed and monitored in a few
clicks, which gives a rapid feedback mandatory for rapid prototyping of IoT applications.

Total budget
e 3.5 m.
EC Contribution
e 2.8 m.
Contract Number
609112

• “Security Protocols and Privacy
Issues inot 6LoWPAN stack:
A synthesis”, Chr. Hennebert, J. Dos
Santos, IEEE IoT journal, juin 2014.
• “Location-Based Pseudonyms for
Identity Reinforcement in Wireless
ad hoc Networks”, I. Tunaru, B. Denis,
B. Uguen, IEEE Vehicular Technology
Conference-Spring 2015 (IEEE VTCSpring’15), 2015.
• “in 6LoWPAN wireless sensor
network”, Connected security Word,
eSmart 2015, Marseille, France,
septembre 2015.
• “Preserving privacy in secured
ZigBee Wireless Sensor Network”,
Chr. Hennebert, J. Dos Santos and
C. Lauradoux, IEEE World Forum IoT,
Milan, décembre 2015.
• “Cooperative Group Key Generation
Using IR-UWB Multipath Channels”,
I. Tunaru, B. Denis, R. Perrier, B. Uguen,
IEEE International Conference on
Ubiquitous Wireless Broadband
(IEEE ICUWB’15), 2015.
• “Ephemeral: Lightweight
Pseudonyms for 6LoWPAN MAC
addresses”, 27th annual IEEE
International Symposium on Personal
Indoor and Mobile Radio Computing,
PIMRC, Valencia, Spain, septembre
2016.
• “End-to-end secure access from IoT
applications to remote sensor
resources”, Chr. Hennebert, A. Macabies,
soumis à IEEE Journal of sensors – en
cours de revue.
“Méthode de génération de pseudonymes dans un réseau de capteurs
sans fil et méthode de routage
associée”, Chr. Hennebert, demande
de brevet français déposée le 26 janvier
2016.
• “Procédé pour sécuriser une
communication de bout en bout entre
un utilisateur final et un objet
connecté”, Chr. Hennebert, brevet
français 1561408 en cours
d’extension à l’international.
• “Méthode de génération de clé
secrète de groupe basée sur la couche
physique sans fil et le terminal sans fil
associé”, I. Tunaru, B. Denis,
R. Perrier, EN1557728, août 2015.

Christine Hennebert,
christine.hennebert@cea.fr
Bernard Strée,
bernard.stree@cea.fr
TRL
© CEA-Leti
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168

169

http://www.euroskyproject.eu/					
					

Leti in EUROSKY
Conducted on simulation data, this study compares the performance of 3 detectors: a
typical dual energy sandwich detector, a realistic model of the commercial ME100 V2
multi-energy detector provided by MULTIX and an ME100 «Cargo», which is an upcoming modified multi-energy version of the ME100 more suited to air freight inspection.
The criterion used for this assessment is the Effective Atomic Number (Zeff) or contrastto-noise ratio; Zeff is the physical parameter that allows material discrimination.
The results reveal better performance in multi-energy detectors than in conventional
dual energy «sandwich» (DE-S): a 1.5x factor in favor of the current ME100 V2 and a
2.2x factor for the ME100 (average value depending on the material pair tested). The
ME100 V2 detector suffers from its small pixel size, which reduces the photonic statistic by a factor of 3 compared of the other 2 models.

© Fotolia -senohrabek

EC Programme

FP7 SEC-2012.2.2-3 Improving security
in air cargo transport Integration Project

Keywords

Air safety
Multi energy detector

EUROSKY
Single European Secure Air-cargo Space
EUROSKY will deliver a high impact program for improved air-cargo
security and facilitation to safeguard international supply chains and
the security of citizens whilst fostering international co-operation and
a broad stakeholder engagement from all segments of the industry.
The main project objectives are to:
g provide systemic solutions for European air cargo security addressing prevailing complexities and vulnerabilities aligned with international initiatives and building on complementary on-going projects;
g offer different stakeholder groups enhanced capabilities for integrating preventive and reactive controls to address their threats in a
timely and effective manner with optimized cost;
g secure air cargo supply chains whilst also facilitating the overall
process (i.e. achieving security without stoppages, keeping the cargo
movements unimpeded at all times).

The DE-S is logically favorable in relation to the penetration power criterion (the «DARC
alarm») because of its higher stopping power.
CEA-Leti has also studied the case of overlapping materials in a dual view approach:
one giving dimensional values, the other providing spectral data for assessing the effective atomic number (Zeff). The method developed by CEA-Leti for overlap correction has been extended to the multi-layer case with additional thickness simulating a
container. We have shown that multi-energy detectors offer better performance than
the dual energy «sandwich detector due to noise reduction and more significantly lack
of bias; a fundamental criterion for material identification.
Finally, a first approach multi-view system has been developed. The simulation result
shows a performance breakdown of between 10 and 15 views.

48 months
May 2013 > Apr. 2017

EUROSKY at a glance
Project Coordinator
BMT GROUP LIMITED (GB)
Partners

BE: European Organisation for
Security SCRL
CH: Conceptivity SARL, Swissport
International AG
ES: Enide Solutions S.L., Idom
Ingeniera y Consultoria S.A.,
Ingeniera Idom Internacional S.A.
FR: CEA-Leti, MultiX SA
GB: CLMS (UK) LIMITED, Department for Transport, Geopost UK LTD,
Heavyweight Air Express Limited,
INLECOM Systems Ltd, Mass Spec
Analytical Limited, MJC2 Limited,
Rapiscan Systems Limited
GR: Diethnis Aerolimenas Athinon AE
IT: Consorzio IB Innovation, Fast
Freight Marconi SPA
PT: SPDH Servicos Portugueses
de Hand, Urbanos-Grupo SGPS SA
SE: Totalforsvarets Forskninginstitut

Total budget
e 18.9 m.
EC Contribution
e 11.7 m.

Publications
• “Comparing performances of a
CdTe X-ray spectroscopic detector
and an X-ray dual-energy sandwich
detector”, A. Gorecki, A. Brambilla,
V. Moulin, E. Gaborieau, P. Radisson
and L. Verger, Published 19 november
2013, © 2013 IOP Publishing Ltd
and Sissa Medialab srl, Journal
of Instrumentation, Volume 8,
november 2013.
• “Multi-energy X-ray detectors
to improve air-cargo security”,
C. Paulus, V. Moulin, D.Perion,
P.Radisson, L. Verger, SPIE Defense &
Security, Anaheim, 9 – 13 april 2017,
Proceedings.

Radiographic images
versus «Zeff» images.
© CEA-Leti

Vincent Moulin,
vincent.moulin@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr
TRL

Contract Number
312649
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Leti in HiLiCo

NEW

© Fotolia -razihusin
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HiLiCo
High Luminescence In Cockpit
Although the market demand of displays bright enough to allow the
diffusion of readable information against a very bright landscape is
important, in particular in the avionics application, existing technologies still do not allow the desired brightness combined with very low
power consumption and very compact volume.
In this context, the HiLICo project aims at developing a new generation of monochrome and full-color emissive GaN microdisplays with
1920x1200 pixel resolution (WUXGA), 8-μm pixel pitch, very high brightness (over 1MCd/cm²) and good form factor capabilities that will
enable the design of ground breaking compact see-through system
for next generation Avionics applications.
To achieve this aim, HiLICo will address the following challenges:
g development of high-quality GaN based LED epilayers designed to
fulfill targeted demonstrator performances;
g design and fabrication of an active matrix in advanced Complementary metal oxide semi-conductor (CMOS) technology to control each
individual pixel;
g coupling of the LED structure and the CMOS, building a monolithic
structure on which LED arrays will be fabricated with high precision,
thus making monochrome, active-matrix, high-resolution GaN microdisplays;
g addition of colour converters (quantum dots and 2D Multi-Quantum
Wells layers) on such blue emitting devices, for fabricating bi-color
and full-color display demonstrators;
g design and manufacture of the electronics followed by the test and
evaluation of the complete micro display device. First demonstrators
will be qualified for future commercialisation.
The technology developed will contribute to the increase of European
competitiveness, through the rapid and important deployment of
innovative products on the microdisplay market, as well as Head-Up
Displays, Head-mounted displays and smart Eyewears.
The consortium gathers 1 RTO, 1 large company and 2 SMEs. They
will mobilise a grant of 4 091 583 € with an effort of 283 PM.

In addition of being Hilico’s Coordinator, CEA-Leti has a strong involvement in all the
technical work packages, from design to full-display characterization.
From year two, CEA-Leti’s main outcomes in Hilico are the following:
g design and fabrication of an active matrix in advanced Complementary metal oxide
semi-conductor (CMOS) technology, specifically adapted to high-resolution, small pixel
pitch (8µm) LED microdisplay. Due to high brightness targets, this implies dedicated
pixel driving schemes, compatible with high current levels;
g develop and demonstrate transfer process of LED epilayer onto CMOS wafer, followed by high-resolution patterning of the microLEDs. CEA-Leti will rely on its longstanding experience in direct bonding technologies, here developed for new materials
and application;
g color displays will be obtained from a blue emitting matrix combined with Red and
Green color converting materials. Therefore another important objective for CEA-Leti
is to develop dedicated process to pattern these converting structures at a very small
pixel-pitch. These tasks are undertaken with Nexdot and Novagan, CEA-Leti being
focused on the patterning steps;
g integrate all these process steps for the demonstration of monochrome WUGXGA
(1920×1200 pixels) and full color WVGA (860x600 pixels) microdisplay prototypes with
very aggressive pixel pitch (8µm) and very ambitious brightness performances (over
1 million Cd/m²).
The technical specifications of the targeted prototypes are far beyond state-of-art and
constitute a very challenging project for Hilico’s partners.

© Fotolia -Paul Heasman

36 months

HiLiCo at a glance
Project Coordinator
CEA-Leti (FR)
Partners

CH: Novagan
FR: CEA-Leti, Microoled, Nexdot

Total budget
e 4.1 m.
EC Contribution
e 4.1 m.
Contract Number
755497
Concept of Hilico’s
color GaN microdisplay
and high resolution
Monochrome GaN
microdisplay.
© CEA-Leti
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A Lidar detection chain based on HgCdTe APD directly hybridized with a custom designed CMOS ROIC will be designed and fabricated by CEA-Leti. This detection chain
will enable to detect the signal with a photon noise limited SNR over the full optical
dynamic range of space Lidar signals, up to 60 dB , down to signal fluxes below a
single photon per observation time. In addition, the observation time and corresponding
bandwidth of the detector is intended to be adjustable and on chip functionalities will
be available in order to provide a versatile detector that can address a wide range of
Lidar applications.
HgCdTe APDs have the unique advantage to combine a high quantum efficiency with a
close to deterministic avalanche gain that enables to amplify the signal to a level that is
higher than the electronic amplifier noise, with a close to negligible loss of information.
The optimization of the APD performance in terms of increased quantum efficiency
and useful APD gain, reduced excess and dark noise, reduced remanence (temporal
lag induced by a strong signal) and increased spectral range will be addressed by the
optimization of the APD architecture, technology and optical coupling. This optimization
will add to the functionality of the detector and increase its versatility. This optimization
aims in particular to use hetero structure APDs made with molecular beam epitaxy
to reduce diffusion dark and tunnel currents, which limit the operating temperature
and the maximum gain. The use of heterostructures will also enable the study of new
APD architectures which should minimize the temporal lag. In addition, the quantum
efficiency of the APDs will be maximized while minimizing the response time and dark
current by the optimization of the optical coupling to the APD using µ-lenses that will
be manufactured directly on the backside of the detectors.
The achievement of a dynamic range of 60 dB with a minimal signal level less than
a single photon for variable temporal resolutions constitute disruptive performances
which will be achieved by direct hybridization of optimized HgCdTe APDs with a specifically designed CMOS ROIC proviidng two modes of operation:
g an on-chip sampling mode with variable observation time, gain and accumulation
capability;
g a continuous mode for conventional sampling on the proximity electronics.

HOLDON
HgCdte APD Optimization for Lidar
Detection Of greeNhouse gase
Lidar remote sensing of the earth’s atmosphere is one of the main
challenges in coping with the effects and causes of global warming
caused by the emission of greenhouse gases. The present operating
Lidar missions are all implanted on large satellite platforms due to
the size of the telescope and high energy laser modules required to
ensure a sufficient collection of light to extract the signal from the detector noise. The principal objective of HOLDON project is to develop a
new detection chain which will improve the performance of the Lidars
on large platforms and/or reduce the Lidar payload to be integrated
in the future micro and mini-satellites. The performance increase is
obtained by the optimization of HgCdTe avalanche photodiodes that
will be hybridized to a CMOS Readout Circuit providing two operation
modes and designed to meet the most demanding requirements for
Lidar applications in terms of sensitivity, dynamic range and temporal
resolution.
To achieve these goals, a team of 7 partners, leaders in the different
fields related to Lidar missions, will collaborate (4 represented EU
member states). To this end, three ambitious objectives are defined:
g design and built a cutting-edge photon noise limited Lidar detection
chain;
g validate adequation between detection chain key performances
and future space mission requirements;
g demonstrate the improvement achieved with the cutting-edge detection chain for greenhouse gases detection.
COMPET-2-2017 aims at supporting project developing new technologies, systems and sub-systems for Earth observation in a relevant
environment. According to this call, HOLDON project addresses i) “Detector technology and complete detection chain enhancement in the
domains of CMOS and Infrared for Earth observations”, ii) “Sensors
and mission concepts delivering high accuracy parameters for emission measurements».

42 months
May 2013 > Apr. 2017

HOLDON at a glance
Project Coordinator
CEA-Leti (FR)
Partners

CH: IDQuantique
DE: Deutsches Zentrum für
Luft- und Raumfahrt
FR: Absiskey, Airbus Defence
and Space, École Polytechnique
/ Laboratoire de Météorologie
Dynamique
SP: Alter technology

Total budget
e 2.5 m.
EC Contribution
e 2.5 m.
Contract Number
776390
© CEA-Leti

Pierre Castelein,
pierre.castelein@cea.fr
Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
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Leti in LOMID
CEA-Leti research teams are focusing on the following activities to ensure improved
flexible OLED microdisplay performance and life:
g strengthening of thin-film encapsulation of OLED circuits;
g development of a reliable hard coat packaging layer based on sol-gel technology to
replace the OLED microdisplay glass top;
g successful development of a die-scale thinning process to reduce chip silicon
thickness to 100μm;
g demonstration of a curved OLED circuit (passive) thinned to 100μm and curved to a
45mm radius of curvature;
g iImplementation of CEA-Leti’s proprietary thin-film encapsulation technology in the
1’’ diagonal, LOMID display demonstrator.

© Limbak
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LOMID
Large cost-effective oled microdisplays
and their applications
The LOMID project defines pathways to the manufacture of flexible
OLED microdisplays with an exceptionally large area (16mm x 20mm,
screen diagonal of 25.4mm) at acceptably high yields (> 65%). This
will be achieved by developing a robust silicon-based chip design allowing high pixel counts (1024×1280 (SXGA)) and high spatial resolution (pixel sizes of 10μm x 10μm corresponding to 2000ppi). These
display innovations will be coupled to a highly reliable manufacturing
of the backplane. Cheap processes (0.35μm lithography) will be developed and special attention will be given to the interface between
the top metal electrode of the CMOS backplane and the subsequent
OLED layers. All these developments will be done on a 200mm wafer
scale. Along with this, a new testing procedure for quality control of
the CMOS wafer (prior to OLED deposition) will be developed and promoted for standardization. The flexibility of the large area microdisplays will be achieved by wafer thinning to enable a bending radius
of 45mm.
Along with the new functionality, the durability of the devices has to
be guaranteed despite bending to be comparable to rigid devices. The
project will address this by improving the OLED efficiency and by modifying the device encapsulation to both fulfil the necessary barrier
requirements and to give sufficient mechanical protection. The demand for and timeliness of these flexible, large area microdisplays is
shown by the strong interest of industrial integrators to demonstrate
the benefits of the innovative OLED microdisplays. Within the project,
industrial integrators will validate the project’s microdisplays in smart
glasses for virtual reality and to aid those with impaired vision.

36 months
Jan. 2015 > Dec. 2017

LOMID at a glance
Project Coordinator
Fraunhofer COMEDD (GE)
Partners

CH: Amanuensis GmbH
ES: Limbak 4PI S.L
FR: CEA-Leti, MicroOLED SARL
GB: University Of Oxford
GE: University of Leipzig, X-FAB
Dresden GmbH & Co. KG

Total budget
e 4.1 m.
EC Contribution
e 4 m.

First demonstration of
the new OLED-based
1.1’’ diagonal
meso-display (not
addressable in this
case, only still images
can be displayed)
developed in the LOMID
project (final
characteristics are:
CMOS-based 180nm
technology, diagonal
1,1’’, resolution
1920x1200).

Contract Number
644101

Publications
• N/A, publication prévue sur le sujet
retirée en décembre 2016 par LPA
(ECTC 2017).

Tony Maindron,
tony.maindron@cea.fr
White-emitting OLED
(forward-biased at 5V)
made onto a silicon
substrate curved at
45mm radius of
curvature (cylindrical)
after wafer thinning
from 700µm to
100µm thick.
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Leti in MESMERISE

NEW

CEA-Leti has recently developed a sensitive photon-counting X-ray detector based on
Cd(Zn)Te semi-conductor technology, which has been transferred to MULTIX (spin-off
company of Thales and CEA). This company now offers a commercial product called
ME100 for baggage screening. Innovative X-ray detectors of this type count individual
photons and sort them into selected energy bins. The information provided is more
complete, the analysis more thorough and the capacity for differentiating different objects and materials is enhanced. MultiX detector technology is able to discriminate
liquids from solids: it can even distinguish regular from diet Coke, for example!
CEA-Leti’s task with the MESMERISE project is to develop an algorithm for embedding
in the multi-energy x-ray sensor to optimize sensitivity of illicit product detection (e.g.
cash, swallowed drug packet, surgically implanted bomb, etc.) concealed in or on the
body. The aim is to adapt the multi-energy method to human body inspection. The
challenge is to conciliate a very low dose X-ray scan and automatic detection with a
low false alarm rate.
A first approach using X-ray simulation tool Sindbad and a model of human body will
enable better calibration and scanning conditions to be established. An experimental
gantry, equipped with multi-energy energy detectors, will also be developed with the
project partners. This will provide experimental measurements for assessing multi-energy detector potential in relation to the need for rapid, reliable, sensitive detection of
externally and internally concealed objects.

© oleandra - Fotolia
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MESMERISE
Multi-Energy High Resolution Modular
Scan System for Internal and External
Concealed Commodities
Most people are familiarized with the inconvenience of having to go
through a “hand search pat down” in airports check points. Apart
from being invasive and privacy disruptive, the whole procedure significantly slows down the flow of passengers, which means even
longer waiting queues. Additionally, in the case of wave body scanners the use of sexually explicit images that have to be interpreted by
an agent arises some concerns about user’s privacy and dignity. The
main challenge of MESMERISE is to develop a new scanning technology improving the respect for intimacy and privacy rights as well as
the efficiency and reliability. In order to achieve this, the project first
objective is to develop a high-resolution non-intrusive scanner able to
automatically detect and identify both internal and external concealed
prohibited or restricted commodities sought by customs. Mesmerise
proposes two complementary technologies to fill the current gaps:
ultra-low dose Multispectral X-ray transmission and Infrasonic interrogation. Both systems have the goals of improving privacy, convenience, sensitivity and reliability posing no risk for users, providing
automatic identification or classification and assuring that no human
operator needs to watch privacy-breaking images.

36 months
May 2016 > Apr. 2019

MESMERISE
at a glance
Project Coordinator
Universidad de Alcala (SP)
Partners

BY: Adani UE
DE: BPE International Dr Hornig
Gmbh
FR: CEA-Leti, MultiX SA
GB: Home Office
NO: Customs region Oslo
& Akershus
RO: University «Duanarea de Jos»
of Galati
SP: Centro De Investigaciones
Energeticas, Medioambientales Y
Tecnologicas-Ciemat, Ministerio del
Interior, San Jorge Tecnológicas S.L.

Total budget
e 5 m.
EC Contribution
e 5 m.
Contract Number
700399

Mesmerise project
will develop and test
technologies for the
security screening of
passengers for borders
control.

© MESMERISE
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Leti in MIRTIC
CEA-Leti’s involvement in the MIRTIC project is targeting a breakthrough in infrared
imaging detection, which addresses the major cost drivers of well-established
microbolometer technology. The institute has developed three advanced technologies
to achieve this:
g silicon-based vacuum packaging;
g new highly sensitive bolometer material;
g low cost infrared optics.
Among these developments, CEA-Leti has created unique vacuum Pixel Level Packaging (PLP). In this exclusive CEA-Leti technology, each bolometer pixel is isolated under
vacuum by an infrared transparent thin film of amorphous silicon deposited at wafer
level around the pixel (see Figure 2).
PLP offers unparalleled cost reductions since a vacuum is generated directly inside
the silicon wafer. Ageing tests at over 90°C (up to 260°C) for several months have also
demonstrated that PLP meets perfectly reliability and lifetime requirements.
These key results confirmed the relevance of the technology and led to its industrial
transfer to our partner ULIS in 2016, immediately followed by ULIS’ launching of a first
commercial PLP-based IRFPA product (see Figure 1).

© Fotolia - Adam

EC Programme

ENIAC Call 2011-2

Keywords

Building automation
InfraRed (IR)
Pixel Level Packaging (PLP)
Sensor
Silicon vacuum packaging

MIRTIC
Micro Retina Thermal Infrared
The MIRTIC project goal is to respond to a market expectation by developing and providing a new type of affordable low resolution infrared sensor. This new line of IR sensors is designed to fill an unmet
need in applications seeking to achieve maximum efficiency in the
everyday use of energy, for example heating or lighting systems.
The market trend is oriented on replacement of single IR sensor element by a small 2D array which enables an “understanding” of the
scene in order to be able to give not only temperature indication but
also spatial information. This information will improve efficiency of
management system in charge of air cooling (HVAC), automatic lighting or security (access control, people counting), health care (IR endoscopy) or queue management. This sensor evolution from a single
element to small array is to be performed at a similar sensor cost
and therefore requires important enabling and scalable technological
innovations.

60 months
Feb. 2012 > Jan. 2017

MIRTIC at a glance

Development of a second generation of PLP technology has started at CEA-Leti. The
goal is to improve performance and reduce pixel pitch. Encouraging first results have
been obtained with an approximately 40% increase in sensitivity comparing with first
generation PLP technology. Further research is ongoing to improve the maturity level
of this new process.

Project Coordinator
ULIS (FR)
Partners
FR: CEA-Leti, Schneider Electric
GE: Optris
GR: ISD

Total budget
e 28.4 m.
EC Contribution
e 4.1 m.
Contract Number
304653

Publications
• “Current progress on pixel level
packaging for uncooled IRFPA”,
G. Dumont, W. Rabaud, J. Yon, L. Carle,
V. Goudon, C. Vialle, S. Becker,
A. Hamelin, A. Arnaud, Proc. SPIE
8353, Infrared Technology and
Applications XXXVIII, 83531I
(Orlando, 31 May 2012).
• “320 x 240 uncooled IRFPA
with pixel wise thin film vacuum
packaging”, J. Yon, G. Dumont,
W. Rabaud, S. Becker, L. Carle,
V. Goudon, C. Vialle, A. Hamelin,
A. Arnaud, Proc. SPIE 8541,
Electro-Optical and Infrared Systems:
Technology and Applications IX,
85410D (Edinburgh 24 October 2012).
• “Latest improvements in
microbolometer thin film packaging:
paving the way for low cost consumer applications”, J. Yon, G. Dumont,
V. Goudon, S. Becker, A. Arnaud,
S. Cortial, C. Tisse, Proc. SPIE 9070,
Infrared Technology and Applications
XL, 90701N (Baltimore, June 24,
2014).

Jean-Jacques Yon,
jean-jacques.yon@cea.fr
The first Thermal
Activity Sensor (TAS)
designed for smart
buildings, based on the
unique patented Pixel
Level Packaging (PLP)
technology.
PLP top view.
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Leti in POLIS

NEW

Multiple outstanding outcomes were achieved by CEA-Leti during the POLIS project.
These include:
g Demonstration of the feasibility of low cost Infrared Thermal sensors for the consumer market: new ROIC design, new microbolometer technology and new packaging
technology.
g Demonstration of a high luminance microdisplay based on novel OLED device architecture. The process were successfully transferred to Microoled for the pilot line. This
technology is a key to addressing new fast growing markets in the augmented reality
field.
g Ongoing development of Very High Luminance microdisplay technology for the next
product generation. This new technology is based on the Direct Color Generation (DCG)
process. Results obtained in a first demonstrator are very promising and will permit
manufacturing of OLED microdisplays of the highest luminance and efficiency.
g Characterization of a functional SPAD in an advanced technology node for gesture
recognition, depth-map camera based on Time-Of-Flight and medical imaging. Moreover, microlenses have been designed for implementation in SPAD technology to
improve performance.
g Demonstration of a 3D-stacked imager with high bonding quality based on multiple
process developments (e.g. bonding alignment under vacuum). Reliability tests are ongoing for a future pilot line. This work highlights the impact of 3D stacking for a CMOS
Image Sensor from optical, thermomechanical and thermal standpoints.

© Fotolia - Syda Productions
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Today the imaging market is dominated by mobile applications and by
digital still cameras. However, the dynamics of emerging applications
reveals enormous growth in new markets, exhibited both by Imaging
product penetration in existing domains, like automotive, medical
and consumer products (TV, gaming…) and also by the explosion of
brand new applications. Innovation in photonic sensor technologies,
particularly those with on-board intelligence, has triggered an array of
new products for things like proximity sensing, optical navigation and
various human-machine interfaces based on optical systems.
In that respect, POLIS incorporates a unique consortium consisting
of large corporations, SMEs, institutes and universities from all over
Europe and focuses on the following core objectives:
g to push back the frontiers of the existing Imaging Market by devising new products, exploiting existing or new technologies, improving
manufacturing and testing tools;
g to explore new opportunities for sensors and systems development
in a wider spectral range (from gamma rays to Infrared), using innovative detection techniques (single photon avalanche diodes), materials
or technologies (OLED-on-Silicon);
g to significantly improve the state-of-the-art and performance of
existing technologies and work on yield and production cost;
g more specifically to implement at pilot line level specific technological modules to enable new products based on innovative technologies such as back-side-illuminated sensors, single photon avalanche
diodes, silicon micro-bolometers, Time-of-Flight, OLED on silicon,
through-silicon vias and 3D-stacking.

48 months
Jan. 2014 > Dec. 2017

POLIS at a glance
Project Coordinator
STMicroelectronics (FR)

These outcomes bear witness to the powerful research dynamic of this very ambitious
project and the excellent collaboration between CEA-Leti and its partners.

Partners

AT: EV Group, Materials Center
Leoben
DE: Audi
FR: Aldebaran Robotics,
Encapsulix, Fogale, CEA-Leti,
MicroOled, Ulis, Umicore,
STMicroelectronics
GB: Horiba Jobin Yvon IBH, Polaris
Vision Systems, STMicroelectronics,
University of Edinburgh
HU: Mediso
NL: Delft University of Technology,
Photonis

Total budget
e 106 m.
EC Contribution
e 16 m.
Contract Number
621200

The picture shows an
hybrid bonding
interconnect including
two 3.6µm Cu pads
direct bonded face to
face. The reliability
of the interconnect
structure has been
addressed with
electromigration tests.
The picture shows the
void induced failure on
the bottom BEOL line
in agreement with the
temperature and
current stress
conditions. As expected
the bonded interface
initially perfectly flat
is kept without any
degradation during the
lifetime.

Publications

© CEA-Leti

• “ Reliable 300 mm Wafer Level
Hybrid Bonding for 3D Stacked
CMOS Image Sensors ”,
A.-L. Le Berrigo, S. Moreau, V. Balan,
F. Fournel, A. Jouve, S. Chéramy,
ECTC, Las Vegas, USA, 2016.
• “ Mass transport-induced failure
of hybrid bonding-based integration
for advanced image sensor
applications ”, S. Moreau, D. Bouchu,
V. Balan, A.-L. Le Berrigo, A. Jouve,
ECTC, Las Vegas, USA, 2016.
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agnes.arnaud@cea.fr
Laurent Fulbert,
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Leti in VOSTARS

36 months
Jan. 2017 > Dec. 2019

CEA-Leti is contributing the Key Enabling Technology (KET) embraced in the VOSTARS
proposal. This is the GaN LED micro display for implementation in the HMD device to
be demonstrated prior to project completion. CEA-Leti is also demonstrating the performance of this innovative technology compared with standard microdisplay OLED,
LCOS and LCD technologies.
A family of innovative solid-state light-emitting microdisplays based on III-Nitride Semiconductor micro-size light emitting diodes (μLEDs) will be implemented. These devices
have been developed by CEA-Leti. This technological achievement will be obtained by
combining innovative technical solutions from GaN epitaxy to silicon-based circuit. This
will allow demonstration of μLEDs matrices with luminance of at least 50000cd/m²,
exceeding by several orders of magnitude the present levels of 1000cd/cm² obtained
using state-of-art OLED microdisplays.
Micro-LED performance will make it possible to reduce dramatically the power
consumption of the optical integrator, thereby providing a key deliverable to the market
place.
This CEA-Leti micro-LED display, structured at 10μm pitch on sapphire wafers and
hybridized on a silicon backplane, offers the following advantages:

VOSTARS at a glance

g high brightness at high resolution with almost no limitation on lifetime, providing a
significant margin for HMDs;

Project Coordinator
Universita di Pisa (IT)

g low power consumption, lightweight and optical characteristics enabling integration
into very compact systems, which conserve, indeed improve, the performance characteristics of the final product.

NEW

© Vostars
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VOSTARS
Video Optical See-Through
Augmented Reality surgical System
The idea of integrating the surgeon’s perceptive efficiency with the aid
of new augmented reality (AR) visualization modalities has become a
dominant topic of academic and industrial research in the medical
domain since the 90’s. AR technology appeared to represent a significant development in the context of image-guided surgery (IGS).
The quality of the AR experience affects the degree of acceptance
among physicians and it depends on how well the virtual content is
integrated into the real world spatially, photometrically and temporally. In this regard, wearable systems based on head-mounted displays
(HMDs), offer the most ergonomic and easily translatable solution for
many surgeries.
According to the see-through paradigm, most of the AR HMDs fall into
two categories they implement: video see-through (VST) and optical
see-through (OST) HMDs. In OST systems, the user’s direct view of the
real world is augmented with the projection of virtual information into
the user’s line of sight. Differently, in VST systems the virtual content
is merged with images captured by two external cameras anchored to
the visor. With respect to technological and human-factor issues, both
the approaches have their own strengths and shortcomings. In this
project, we identified in a hybrid OST/VST HMD, a disruptive solution
for improving surgical outcomes.
The application driven device will be developed from existing systems
and exploiting the knowhow acquired within the consortium on photonics KET technologies. The resulting device will undergo three clinical
trials whose results will be fundamental towards a straight industrial
exploitation comprising economic viability analysis.
Video-Optical See Through AR surgical System (VOSTARS) will be the
first hybrid see-through HMD surgical navigator.
Albeit it will be specifically designed for medical procedures, its
design is aimed to evolve into a multipurpose AR platform for HMDs.

Partners

In comparison with state-of-the-art microdisplays, those used in the eMagin products
(AMOLED matrix coupled to a silicon backplane) are capable of producing a luminance
of 104cd/m², which is a couple of orders of magnitude lower than the target for the
LED-based microdisplay contributed to the VOSTARS project by CEA-Leti.

FR: CEA-Leti, Optinvent
GB: VREO Innovation
GE: Charité Berlin, Pilotfish GmbH,
Sankt Gertrauden-Krankenhaus
Gmbh, Scopis GmbH, TU Munich
IT: Universita di Bologna, Scuola
Superiore di Studi Universitari e di
Perfezionamento Sant’Anna

			
Total budget
e 4.4 m.
EC Contribution
e 3.8 m.
Contract Number
731974

Stéphanie Le Calvez,
stephanie.le-calvez@cea.fr
Laurent Fulbert,
laurent.fulbert@cea.fr
TRL
iLED 10µm pitch
Micro-displays.
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Leti in BIOCAPAN
The strategy chosen to protect pancreatic islets from immune-rejection is to microencapsulate the pancreatic islets in soft, porous, biocompatible microcapsules. During
this first period of the project, the research consortium agreed on definition of a reference microcapsule and an a priori bioactive microcapsule, based on a bibliographic
study. Different biomaterials have been developed or are still under development.
While initial biomaterials have been successfully synthesized to reduce pericapsular
fibrosis and to enhance pancreatic islets oxygenation, new syntheses are on-going to
improve further biomaterial performance.
The entire process chain has been assessed: every step has been depicted from biomaterial cell production to microencapsulation. Risk analysis is now planned. The process is being gradually optimized to be able to integrate a cell therapy unit by the end
of the project. GMP production of candidate biomaterials has already started. A first
prototype of a microencapsulation platform has also been designed and is currently
under fabrication.
In parallel, the consortium has drawn up the clinical trial specifications and has received scientific advice from regulatory agencies to ensure IMPD completion by the
end of the project. The final product requires further characterization but an in vitro and
in vivo preclinical test strategy is now being defined.

© EFS

EC Programme

H2020 NMP-10-2014 Biomaterials for the treatment
of diabetes mellitus

Keywords

Bioactive microcapsule
Diabetes
Encapsulation platform
Good Manufacturing Process
(GMP)
Nanocharacterization

BIOCAPAN

BIOactive implantable CApsule
for PANcreatic islet immunosuppression
free therapy
The key therapeutic issue in diabetes mellitus type I and II is glycaemic
control. Reductions of constant self-control, of insulin injections, and
of long-term complications would have tremendous benefit for quality
of life. The best therapy option is the transplantation of allogeneic
islet cells, but the current state of the art limits the applicability of this
approach. Implanting unprotected grafts requires lifelong administration of immunosuppressants, and protecting the cells against adverse
immune reactions by current encapsulation strategies reduces their
functionality and survival to an extend that makes frequent ‘refresher’
implantations necessary. Currently, a maximum of 2 years glycaemia
regulation has been shown for the encapsulated approach.
In BIOCAPAN, bringing experts from different fields all together, we
aim at developing an innovative treatment, based on the implantation
of allogeneic islet cells that are embedded in a complex microcapsule.
We will design a GMP-grade bioactive microcapsule that will maximize the long-term functionality and survival of pancreatic islets by
prevention of pericapsular fibrotic overgrowth, in situ oxygenation,
innovative extracellular matrix microenvironment reconstruction
and immune-system modulation. We will establish a GMP-grade microfluidic microencapsulation platform to protect freshly harvested
islets quickly in a standardized and reproducible way.
We aim for full preclinical validation and we will establish a complete
protocol in accordance with the provisions of the Advanced Therapy
Medicinal Products Regulation, in order to start clinical trials within
one year after the end of the project. We aim for 5-years insulin injection free treatment, without immunosuppressants, which would tremendously benefit diabetes mellitus patients who require insulin (all
Type I and about one in six Type II Diabetes Mellitus patients).
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48 months
Jun. 2015 > Dec. 2019

BIOCAPAN at a glance

In vitro and in vivo validation of different biomaterials has started. Initial promising
results require confirmation for more pancreatic islet samples for accurate assessment
of the benefits of the developed biomaterials.

Project Coordinator
CEA-Leti (FR)

If successful, BIOCAPAN would lead to a therapy option that eliminates the need for
daily controls and interventions for at least two years. At the same time the natural
glycaemic homeostasis, supported by the implanted islets, would reduce the prevalence of comorbidities. A successful biotherapy with microencapsulated islets will fulfill
patient expectations in terms of quality of life as well as public health requirements in
terms of cost in use due to better glucose control and more efficient insulin level control
then any other insulin delivery method.

Partners

BE: Université Catholique de
Louvain (UCL)
DE: Charité-Universitätsmedizin
Berlin (CUB), European
Research Services GmbH (ERS)
ES: Nanoimmunotech (NIT)
FR: CEA, Etablissement Français
du Sang (EFS), Universtié Grenoble
Alpes (UGA)
NO: NovaMatrix/FMC
BioPolymer (NOVA)
USA: Wake Forest University Health
Sciences (WFUHS)

Total budget
e 8 m.
EC Contribution
e 8 m.
Florence Rivera,
florence.rivera@cea.fr

Contract Number
646272

Adrienne Perves,
adrienne.perves@cea.fr
TRL
Encapsulated islet.

© CEA-Leti
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EC Programme

H2020 MSCA-ITN-2015-ETN
- Training Networks

Keywords

Brain injury and trauma
monitoring
Data processing
Diagnostic
Neuroimaging
Photonics
Time-domain diffusive optics
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Backed by European ITN Marie Curie research funding of 15 thesis assignements, a laboratory group will cooperate in developing a system for monitoring blood parameters
of traumatic brain injury (TBI) in emergency services. In this connection, CEA-Leti will
host a PhD student for 36 months. This system will be based on the use of near-infrared
light to probe diffusing biological media in depth and the CEA-Leti PhD student will
study new approaches to optical tomographic reconstruction by means of multispectral and time-resolved acquisition. This young researcher will work, within a team renowned for data processing of time-domain diffuse optics, on development of time-domain multispectral tomography algorithm for monitoring blood parameters. This team
has specifically developed the Mellin-Laplace transform for processing time-domain
optical signal data in a computationally tractable way.
The aim is to reconstruct in 3 dimensions so the proposed approach involves:
g special attention to late tenuous optical signals corresponding to light propagated
deep inside the medium;
g refined data analysis by incorporating a valid noise model;
g use of priors, such as sparsity, for solving the problem of material basis decomposition.
These algorithms will be initially tested and developed on simulations.
The PhD student will then take part in acquisition campaigns implementing a supercontinuum laser source associated with a wavelength selection system and resolved
detection time. These campaigns will be used to validate the developments on real
data.
CEA-Leti’s contributions will be:
g scientific progress in time-domain diffuse optical data processing;
g progress in clinical translation of optical modality;
g strengthen of relations with leading European laboratories involved in the BitMap
project through the ITN Marie Curie student’s spirit of mobility.

BitMap
Brain injury and trauma monitoring
using advanced photonics
Our vision is to develop a suite of standardised non-invasive devices
that will provide essential information about brain health in neurocritical care and neuromonitoring, with a particular emphasis on traumatic brain injury; the “silent epidemic of the third millennium”, and
on hypoxia in newborn children. Survivors present permanent neurological conditions that have a profound impact on the quality of life
of individuals and their families, and hence a large socio-economic
impact. The key factors influencing these conditions and their treatment are the avoidance of brain hypoxia and metabolic disturbances
and this is driving the transfer of new neuromonitoring systems to the
bedside where they are being shown to have a transformative effect
on patient care.
BitMap will develop non-invasive photonics-based monitoring techniques and data analysis methods to provide biomarkers that could
guide patient management. A cohort of multi-disciplinary Early Stage
Researchers (ESRs), embedded in leading laboratories across Europe,
will work together on an programme designed to address the key
technological and clinical challenges in neurocritical care. The ESRs
will benefit from the diverse range of expertise in advanced photonics
and clinical application which will substantially enhance their research competitiveness and employability, and will together form a
critical mass of skilled people working together towards new technologies for improved neuroclinical care.
The challenges involved are fundamentally multi-disciplinary and therefore ESRs trained in a multi-disciplinary environment are essential
if progress and clinical impact is to be made. There is currently no
graduate programme producing researchers with these attributes, but
there is a significant market for such PhDs in the rapidly developing
area of biomedical optics and in general in medical imaging technology development. The BitMap project therefore addresses both a
clinical and economic need.

48 months
Jan. 2016 > Dec. 2020

BitMap at a glance
Project Coordinator
The University of Birmingham
(GB)
Partners

DE: Physikalisch Technische
Bundesanstalt, PicoQuant GmbH
FR: CEA-Leti
GB: University College London,
University Hospital Birmingham
IT: Politecnico di Milano
PO: Insitute of Biocybernetics
and Biomedical Engineering
SP: Fundacio insitut de Ciencies
Fotoniques (ICFO), HemoPhotonics,
Vall D’Hebron University Hospital

Total budget
e 3,8 m.
EC Contribution
e 3,8 m.
Lionel Hervé,
lionel.herve@cea.fr

Contract Number
675332
Fisrt meeting of BitMap
highly talented Early
Stage Researchers.

© BitMap

Adrienne Pervès,
adrienne.perves@cea.fr
TRL
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Leti in ENATRANS
CEA-Leti’s main contribution to the ENATRANS project embraces:
g showcasing SMEs with the most translatable projects to investors and industrial
business organizations;
g hosting the Nanomed Awards in 2015 and 2017;
g preparing ENATRANS / ETPN sessions at international conferences;
g disseminating information on the ETPN/ENATRANS Nanomedicine Translation Hub at
European scientific conferences;
g defining a strategy for Nanomedicine Translation Hub sustainability (aspart of
ESTHER).

© Fotolia-juripozzi

EC Programme

H2020 NMP-09-2014 Networking of SMEs in the
nano-biomedical sector

Keywords

Nanomedicine
SMEs
Translation

ENATRANS
Enabling NAnomedicine TRANSlation
ENATRANS’ main objective is to network and support SMEs in translation of nanomedicine in Europe by providing a one-stop-shop service
to interact and share information, experience and advice with uptodate information and interactive tools, but also enabling personal
contacts.
ENATRANS will gather and provide information about approval processes, regulatory authorities and agencies, clinical and market data,
and specific nanomedicine value chain analysis, relevant SME support
projects and organisations. ENATRANS will convert this critical information in dedicated learning programs and tools dedicated to translation of nanomedicine.
ENATRANS aims at implementing the concept of a Translation Advisory Board (TAB) as central element of the European Technology Platform for Nanomedecine (ETPN) White Paper. A TAB will be set-up with
senior experienced translation experts to guide R&D teams (in SMEs
and research institutes) along the translation process to successfully
make it to clinical trials and later to the market. ENATRANS will build
bridges to clinical trial centers, investors and large companies.

Achievements after one year:
g ENATRANS supports and encourages nanomed SMEs in the translation of their products under the umbrella of the Nanomedicine Translation Hub and more specifically its
Translation Advisory Board. At the end of 2016, 52 teams from 16 countries in EU and
beyond have already applied to the Nanomedicine Translation Advisory Board and half
have been selected and are currently benefiting from coaching over time;
g ENATRANS and ETPN (European technology Platform on Nanomedicine) announced
the 2 winning projects of the Nanomedicine Award 2015 at the BIO-Europe conference.
The goal of the Award is to promote and rewards two excellent innovative nanomedicine-based solutions that could help physicians change the way diseases are treated
and diagnosed, bringing significant benefits to patients.

36 months
Jan. 2015 > Dec. 2017

ENATRANS at a glance
Project Coordinator
VDI/VDE Innovation (DE)
Partners

DE: Gesellschaft für Bioanalytik
Münster, Technik GmbH, VDI/VDE
Innovation
FR: CEA-Leti, Nanobiotix
IS: Tel Aviv University
IT: Fondazione Don Carlo Gnocchi
ONLUS
PT: TecMinho

Total budget
e 2 m.
EC Contribution
e 2 m.
Contract Number
646113
Nanomedical
Translation Map.
© ENATRANS

Patrick Boisseau,
patrick.boisseau@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr
TRL
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Leti in ENLIGHTENED
The primary aims of the ENLIGHTENED project evolved significantly during its first half.
Main progress has been development of a new mass spectrometry system for detecting and identifying traces of biological species for biomedical applications. The novel
aspects of the project activities are three-fold. Firstly, the system architecture transfers
efficiently the sample in solution to a vacuum chamber without the need for ionization
as in today’s mass spectrometry techniques. Secondly, the detector in the vacuum
chamber is a series of nanomechanical resonators, which capture as much of the
particle beam as possible through the use of resonators featuring optical transduction.
Lastly, there is major progress in work dedicated to understanding the limiting source
of noise of the nanoresonator to increase its detection limits.
A significant achievement has been demonstration of the system architecture using
samples containing massive biological species; these are typically next to impossible
to analyze using conventional mass spectrometers. Optomechanical resonators have
been fabricated and successfully tested and they show excellent performance. Finally,
CEA-Leti has shown that the detection limit of most nanoresonators in the field is different to the commonly accepted theory by several orders of magnitude. A finding that
has attracted much attention as mentioned in this article: http://www.eetimes.com/
document.asp?doc_id=1329165.

© Fotolia-Pavla Zakova

EC Programme

ERC-CG-2013-PE7ERC Consolidator
Grant - Systems and
Communication Engineering

Keywords

Low noise transduction
Mass spectrometry
NEMS

ENLIGHTENED
Nanophotonic Nanomechanical Mass
Spectrometry For Biology And Health
Mass Spectrometry has become a routine analytical tool in modern biological research, and in recent years in clinical diagnostics and screening. ENLIGHTENED demonstrates a breakthrough concept based on
Photonic Nano-Mechanical Mass Spectrometry, able to perform analysis of bioparticles of high biomedical significance, of ultra-high mass,
never so far characterized, with single-molecule sensitivity and unprecedented resolution. The long-term vision beyond the current project is
to provide biologists with a tool which will be transformative for fundamental knowledge, and to make possible cheap, handheld devices for
personalized medicine.

60 months
Jun. 2014 > May 2019

ENLIGHTENED
at a glance
Project Coordinator
CEA-Leti (FR)
Partners
FR: CEA-Leti

Total budget
e 2 m.
EC Contribution
e 2 m.
Contract Number
ERC-616251
Publications
• “Frequency fluctuations in
silicon nanoresonators, Nature
Nanotechnology”, M. Sansa et al.,
(2016) doi:10.1038/nnano.2016.19.
• Nature Communications 6,
E. Sage et al., Article number: 6482
doi:10.1038/ncomms7482.

Sébastien Hentz,
sebastien.hentz@cea.fr
TRL
Nanomechanical
resonator.
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Leti in EU-NCL
CEA-Leti is responsible for general infrastructure and trans-national access coordination.
EU-NCL offers a solution that goes beyond the state of the art by establishing an integrated infrastructure comprising national centres that join forces to offer a comprehensive portfolio of assays in full coordination. Among the testing facilities included, CEA is
responsible for physical and chemical characterization and provides a number of physical and chemical characterization tools such as DLS (Dynamic Light scattering), AFM
(Atomic Force Microscope), SEM (Scanning Electron Microscopy), TEM (Transmission
Electron Microscopy), FFF (Filed Flow fractionation), EDS (Electron Dispersive X-ray
Spectrocopy), ICP-MS (Ion Coupled Plasma Mass Spectroscopy), UV-VIS AS (Ultra Violet
and Visible light Absorption Spectroscopy), FTIR (Fourier Transform Infrared Spectroscopy), NME (Nuclear Magnetic Resonance), Pro-inflammatory cytokine detection,
Endotoxin, and Microbial and Mycoplasma contamination.

© CEA / Dominique GUILLAUDIN (Malverpix No Comment Studio)

EC Programme

H2020 INFRAIA-1-2014-2015
- Integrating and opening
existing national and regional
research infrastructures of
European interest

Keywords

Characterization
European infrastructure
Nanomedicine

EU-NCL
European Nanomedicine
Characterization Laboratory
g To provide a trans-disciplinary testing infrastructure covering a
comprehensive set of preclinical characterisation assays (physical,
chemical, in-vitro and in-vivo biological testing) allowing researchers
to fully understand the biodistribution, metabolism, pharmacokinetics,
safety profiles and immunological effects of their nanoparticles used
for medical applications (Med-NPs).
g To foster the use and deployment of standard operating procedures
(SOPs), benchmark materials, and quality management for the preclinical characterization of Med-NPs.
g To promote inter-sectorial and inter-disciplinary communication
among key drivers of innovation, especially between developers and
regulatory agencies.

OUTCOMES
g Efficient synchronization with CEA-Liten Nano Safety Platform (PNS).
g EU leadership.
g Strong attractiveness for Grenoble (France).
g Alignment with US-NCI’s NCL (world reference site for nanocharacterisation of nanomedicines).
g Initial campaigns lanunched in 2016 have led to 9 applications from universities,
SMEs and research institutes. Different material types have been submitted: organic nanomaterials (liposomes, dendrimers…), inorganic nanomaterials (GNP, iron
carbide…) and various drugs loaded.

4 years
May 2015 > Apr. 2019

EU-NCL at a glance
Project Coordinator
CEA-Leti (FR)
Partners

CH: EMPA
DE: NanoBioAnalytik Münster,
European Research Services (DE)
FR: CEA-Leti, CEA-DSV-Ibitecs
GB: The University of Liverpool
IE: Trinity College
IT: JRC-Ispra
NO: SINTEF Trondheim
US: SAIC – FREDERICK

Total budget
e 5.6 m.
EC Contribution
e 5 m.
Contract Number
654190

Value chain of
MED-nanoparticles
development with focus
on translation.
© ETP Nanomedicine

Patrick Boisseau,
patrick.boisseau@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr
TRL
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Leti in IDENTIFY
FFC-MRI requires measurement and elimination of interfering magnetic fields near the
MRI system; this involves developing new active magnetic shielding.
The aim of CEA-Leti and CNRS work is to compensate the surrounding static and time
varying (<500 Hz) near NMR and MRI systems (NMR in Grenoble, and MRI in Aberdeen)
and to ensure generation of a relaxation field for ultra-low intensity FFC-NMR/MRI measurements in the 2μT - 1mT range.

NEW

This work has been broken down into the following key steps:
g roll out magnetic sensors for measuring magnetic environments;
g develop mathematical models for magnetic interference sources (static and time
varying);
g based these models, design coils for compensating DC and AC interfering fields and
creating ultra- and very-low fields (2μT to 1mT and <500 Hz interference-free);
g develop and implement the coils in Grenoble (NMR system) and Aberdeen (MRI
system);
g implement automatic compensation software in FFC-NMR and FFC-MRI systems.

© Fotolia-Maxim Pavlov

EC Programme

H2020-PHC-11-2015.
Development of new
diagnostic tools
and technologies: in vivo
medical imaging
technologies

Keywords

Contrast agents
Field-cycling
Magnetic resonance
Medical imaging
MRI
Relaxometry

IDENTIFY
Improved Diagnosis
By Fast Field-Cycling MRI
Many diseases are inadequately diagnosed, or not diagnosed early
enough by current imaging methods. Fast Field-Cycling (FFC) MRI, can
measure quantitative information that is invisible to standard MRI. FFC
scanners switch magnetic field while scanning the patient, obtaining
new diagnostic information.
The main objectives of the project are:
g understand the mechanisms determining FFC signals in tissues;
g create technology to measure and correct for environmental
magnetic fields, enabling FFC at ultra-low fields;
g investigate contrast agents for FFC, to increase sensitivity and to
allow molecular imaging;
g improve FFC technology, in order to extend its range of clinical
applications;
g test FFC-MRI on tissue samples and on patients.
Achieved by:
g developing the theory of relaxation in tissue at ultra-low fields;
g developing magnetometers and environmental-field correction;
g creating and in vitro testing of new FFC contrast agents;
g improving technology to monitor and stabilize magnetic fields in
FFC;
g improving magnet power supply stability;
g investigating better radiofrequency coils and acquisition pulse
sequences.

48 months
Jan. 2016 > Dec. 2019

This project will allow the CEA-Leti to:
g strengthen relations between CEA-Leti partners (INAC / Clinatec) and Grenoble partners
(G2ELAB from Grenoble INP, CNRS) and build new partnerships with other scientific organizations in Germany, Poland and Italy;
g develop cutting edge technology in terms of magnetic shielding; this will be reusable
in other projects requiring cancellation of magnetic interference;
g pursue multiple scientific publications and patent applications;
g develop CEA-Leti expertise in medical imaging;
g export the technology to industrial applications such as material analysis (concrete,
polymers, food analysis);
g develop a new generation of portable NMR systems at ultra-low field allowing previous
analysis to be conducted on site.

IDENTIFY at a glance
Project Coordinator
University of Aberdeen (GB)
Partners

DE: Tuil
FI: Ieco
FR: CEA, Cnrs, Inserm
GB: Uniabdn
IT: Stelar, Unito
PL: Uwm

Total budget
e 6.6 m.
EC Contribution
e 6.6 m.
Contract Number
668119

Left: navigator image
(59 mT) of the thighs
of a healthy volunteer,
obtained using an
FFC-MRI scanner.
Right: FFC dispersion
curve obtained on
the same volunteer
from the muscle
region-of-interest
shown on the image.
Quadrupole peaks are
indicated by arrows.

© University of Aberdeen

Antoine Viana,
antoine.viana@cea.fr
Bernard Strée,
bernard.stree@cea.fr

FFC-MRI pulse
sequence and a
T1 image obtained at a
field strengh of 49mT.
Our objective is to go
as low as 2 mT.
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Leti in INFORMED

EC Programme

Ecsel-2014-2 Innovation
Actions (IA)

Keywords

3D technologies
Medical devices
MEMS
Sensors / actuators

INFORMED
An integrated pilot line for
micro-fabricated medical devices
The goal of the InForMed project is to establish an integrated
micro-fabrication pilot line for medical devices, covering the complete
innovation chain from technology concept to system qualification. In
particular, the critical stages of technology transfer from university
to industrial development (TRL 4/5), and the subsequent qualification
for manufacturing (TRL7/8) are addressed. A number of innovative
micro-fabricated medical devices serve as pilot products to identify
and resolve all possible transfer issues along the value chain. This
enables the validation of the complete integrated pilot line infrastructure from novel idea to real product. The InForMed project targets
innovation in three important classes of medical equipment and
instruments:
g traditional diagnostic equipment - Micro-fabricated devices are
rapidly replacing traditional sensors and actuators in diagnostic
equipment;
g next Generation of medical instruments - More and more medical interventions are performed with minimally invasive techniques,
which means that the intervention is carried out with laparoscopic
instruments, catheters or guide-wires;
g emerging Fields such as Organs-on-Chip - progress in microfluidics and polymer micro-fabrication, in combination with breakthroughs in cell-biology, especially in the form of the recently
developed induced Pluripotent Stem Cell technology (iPSC), has
resulted in a co-integration of living cells and tissue with microfabricated devices to form accurate models of human organs.

CEA-Leti is leveraging its expertise to develop novel 3D packaging of miniaturized
medical devices, in support of R&D transfer to the industrial partners (e.g. IPDIA, Philips
and Silex).
Special adaptation of the packaging technologies to the medical device is generally
necessary to meet the specific needs and requirements of the medical application.
Another CEA-Leti contribution is development and characterization of new material
interfaces for microelectrodes to ensure efficient recording and stimulation. In the
context of fabricating working demonstrators, CEA-Leti provides materials science expertise in biocompatible coatings and access to miniaturized packaging technologies
(3D capacitors and interconnects).
CEA-Leti has manufactured a test vehicle and has defined a method to quantify degradation of packaging thin films in a biological medium. These developments are suited
to medical technology demonstrators, which are potentially in contact with human
cells. The institute has taken part in the inventory of Chip-in-Tip needs for deep brain
stimulation. Cooperating closely with the core team of INFOMED project partners, we
have defined the initial architecture and selected appropriate materials and processes
to achieve a demonstrator.
CEA-Leti has drawn up a detailed inventory of different options and processes, including deposition of organic PEDOT: electrodeposition, screen printing, spin on, 3D
macroporous PEDOT-PSS films obtained by freeze-drying.
Finally, CEA-Leti has designed and fabricated a platinum/parylene test structure representing final electrode configuration in terms of size, shape and density.

36 months
Jun. 2015 > May 2018

INFORMED at a glance
Project Coordinator
Philips (NL)
Partners
AT: Joint Vienna Institute
BE: ICScience, Imec, Rsscan
CH: Comelec
DE: Cytocentrics Bioscience,
Fraunhofer, Lust Hybrid,
Multi Channel, Osypka
ES: Alphasip, Univ Zaragoza
FI: Aalto, Okmetic, Picosun, VTT
FR: CEA-Leti, ESIEE, Ipdia,
Packaging SIP, SAS Bodycap,
Toppan
IE: Fleming Medical, Tyndall
NL: BESI, Boschman Technology,
Cytocentrics BV, IMDS Service,
Iszgro Diodes BV, Medtronic,
Micronit, Philips, Philips Healthcare,
Pluriomics, TNO Holst Center, TU Delft
SE: Silex
UK: SPTS

Total budget
e 48.1 m.
EC Contribution
e 11.4 m.

Prototype of next
generation diagnostic
probe.

©

Publications
• “NeuroPXI: A real-time multielectrode array system for recording,
processing and stimulation of
neural networks and the control of
high-resolution neural implants for
rehabilitation”, S. Bonnet, et al., IRBM,
vol. 33, pp. 55-60, 201.

Jean-Charles Souriau,
jean-charles.souriau@cea.fr
TRL

Contract Number
ECSEL2014-2-662155
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Leti in InNaSERSS

© Fotolia-Photographee.eu

EC Programme

FP7 ERA-NET
Euronanomed II

Keywords

Biomarker detection
Leukemia
POC
Surface-enhanced
raman imaging

InNaSERSS
Development of Integrated Nanorray
based SERS system for Leukemia
biomarker detection
The monitoring of patients suffering from acute myeloid leukemia (AML)
constitutes a challenge which has yet to be adequately addressed by
modern medicine. Following chemotherapy residual malignant cells,
undetectable by morphologic examination, may remain in the bone
marrow of AML patients. This condition is known as “minimal residual
disease” (MRD) and is linked to the high rate of relapse (30%) for AML
patients.
Several studies have shown that the WT1 gene can serve as a biomarker to predict MRD and determine patient response to treatment.
Polymerase Chain Reaction (PCR) is currently the most common method for examining WT1. In MRD patients, however, WT1 expression is
extremely low and difficult to detect.
The aim of InNaSERSS is to develop a new, ultrasensitive diagnostic
test based on Surface Enhanced Raman Spectroscopy for the detection
of the WT1 gene. This will be possible through the use of new kind of
nanostructured surfaces, like nanoholes arrays, capable of significantly
enhancing the spectroscopic signal emanating from the target molecule. The project will also contribute to the development and test of a
new generation of high resolution, low price portable Raman spectrometers based on stationary wave integrated Fourier-transform spectrometry (SWIFTS).

24 months
Mar. 2014 > Feb. 2016

InNaSERSS
at a glance
Project Coordinator
Fondazione Don Carlo Gnocchi
ONLUS (IT)
Partners
FR: CEA-Leti, Resolution
Spectra Systems
GB: BioSypher

Total budget
e 0,8 m.
EC Contribution
e 0.44 m.

CEA-Leti will contribute to:
g development of a compact Raman reader integrating the new SWIFTS-based Raman
spectrometer, the aim being to enable the SERS-based test to be used outside specialized laboratories;
g validation of bio-detection assays developed by FDG using both traditional benchtops and the new portable Raman spectrometer;
g validation of the diagnostic platform using sample form patients, discussion of results with scientific support of the onco hematology unit at the San Rafaele Scientific
Institute, a leader in managing this disease.
OUTCOMES
The first part of the project focused on optimization of a Surface Enhanced Raman
Spectroscopy (SERS) substrate based on the use of nanoholes-gold arrays. This kind of
nanostructured material was previously purported to be capable of supporting the presence of localized surface plasmon (LSPR) and to thereby generate hot spots. The work
performed during this project has led to development of a particular type of nanostructure, featuring polymeric nanopillars embedded in a gold layer, whose properties are
superior to those of “standard nanoholes” in terms of production process stability and
reproducibility.
These new nanostructures have been used to develop WT1 bio-assays. The detection
performance characteristics have been validated using both conventional Raman microscope (LabRam Aramis, Jobin-Yvon) and the compact Raman reader developed at
the CEA-Leti. A detection limit for the target sequence of 2 picomolar has been determined when using red laser line of conventional equipment. The compact reader has
shown its efficiency in measuring the SERS effect arising from bio-detection assays,
but with poorer sensitivity due to the green laser line used.
In parallel, a SWIFTS-based demonstrator has been designed and built and it is now
being integrated into the Raman probe. Use of SWIFTS allows building of a cheap,
portable Raman spectrometer offering performance characteristics similar to those of
existing bench top research systems. Merging these innovative tools to create a new
point-of-care diagnostic platform will contribute to the development of more personalized medicine based on a sensitive, specific detection test for disease biomarkers with
a realistic prospect of industrial translatability.

Contract Number
635867
Publications
• S. Picciolini et al., ACS Nano.
2014,8 (10) 10496-506

Emmanuelle Schultz,
emmanuelle.schultz@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr
TRL

© CEA-Leti
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Leti in MFManufacturing
The project consortium has reached a consensus on design guidelines to be standardized and has published two whitepapers on the project website [1]. One of the main
objectives of these guidelines is to allow reliable, easy connection of a MicroFluidic
Building Block (MFBB), which integrates a fluidic function (e.g. a pneumatic valve), to
a Fluidic Circuit Board (FCB). These guidelines will enable the microfluidic designer
to access a design kit library and off-the-shelf components, thereby saving product
development time.
Prompted by these whitepapers, an International Workshop Agreement (IWA) was held
in London in April 2016. This open workshop was the chance to present these guidelines to international microfluidic players outside the project and to list 7 resolutions,
described in an ISO document [2].
Widespread dissemination is important to gain the acceptance of the microfluidic community. In this connection, CEA-Leti played an active part in several major international
conferences and workshops in 2016 [3,4].
To illustrate the impact of the guidelines, CEA-Leti has designed a generic bench to
test all the MFBBs developed within the project or described in the whitepapers under
specific conditions (cf. figure).

© L. Godart / CEA-Leti

EC Programme

ENIAC Joint Undertaking

Keywords

Distributed pilot line
Manufacturing
Microfluidic
Standardization

MFManufacturing
European initiative for the standardization
and manufacturability of complex
micro-fluidic devices
The objective of the MFManufacturing project is to bring the manufacturing of microfluidic devices to the same level of maturity and
industrialization of electronic devices, enabling them to address more
widely in the healthcare needs. Electronic devices, which have been
on the market for many years, have benefited from the long going
standardization of electronic components, and were therefore easily
integrated in the production process of the major foundries.

3 years
Mar. 2014 > Feb. 2017

PERSPECTIVES
As an AFNOR member, CEA-Leti has drafted, jointly with MFManufacturing partners,
the formal document required for creation of an ISO standard. Standardization will be
monitored by ISO technical Committee TC48, leading to a first international microfluidic
standard.

MFManufacturing
at a glance
Project Coordinator
Micronit Microfluidics (NL)

The project consortium will continue to implement the standards through the Distributed Pilot Line.

Partners

g To propose standards for interconnections and process integration
in order to respectively enhance interoperability and increase the
volume of Microfluidic devices and facilitate the manufacturing flow
between partners. The anticipated standardization in the microfluidics
field - first of all aimed at strengthening Europe’s position - will focus
on increasing maturity in:
• alignment of microfluidic functions, focusing both on existing and
novel functional modules and their interoperability,
• alignment of microfluidic manufacturing processes, focusing on
both hybrid integration processes and on selected de-centralized
manufacturing processes.

DE: MicroFluidic ChipShop
FR: APIX Analytics, Eveon SAS,
Fluigent SA, Fogale, CEA-Leti, PMB
ALCEN, STI Plastics, Toppan
Photomasks, Tronics
GB: Blacktrace (Dolomite
Microfluidics), National Physic
Laboratory, Philips Handheld
Diagnostics,
PhoeniX Software BV
NL: Axxicon, EnablingMNT,
MediMetrics, MESA+/University
of Twente, Micronit
Microfluidics, TNO

g To organize the European network of Microfluidic SME and RTO
manufacturers Distributed Pilot Line (DPL) with distributed manufacturing resources from different manufacturers in order to provide
affordable complex MF devices.

Total budget
e 18.6 m.
EC Contribution
e 2.7 m.

Publications
• [1] “Design Guideline for Microfluidic
Device and Component Interfaces
(part 1) v2”, WhitePaper, http://www.
mf-manufacturing.eu, May 2016.
• [2] “Interoperability of microfluidic
devices: Guidelines for pitch spacing
dimensions and initial device
classification”, H. van Heeren,
T. Atkins, N. Verplanck, C. Peponnet,
P. Hewkin, M. Blom, W. Buesink,
J.E. Bullema, S. Dekker, IWA 23:2016,
London, April 2016.
• [3] “Microfluidic standardization :
past, present and future”,
H. van Heeren, T. Atkins, M. Blom,
J.-E. Bullema, R. Tantra, D. Verhoeven
and N. Verplanck, 20th International
Conference on Miniaturized Systems
for Chemistry and Life Sciences 557558, Dublin, October 2016 Workshop
Microfluidic Standardization.
• [4] “Microfluidic standardization,
status overview”, H. van Heeren,
T. Atkins, M. Blom, J.-E. Bullema,
R. Tantra, D. Verhoeven and
N. Verplanck, MicroNanoConf., 2016.

Nicolas Verplanck,
nicolas.verplanck@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr

Contract Number
621275
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Leti in ML²
The project’s primary objective is to investigate what parts of a device for detecting
substances in liquid (e.g. pathogen detection) could be produced by a process implementing sheets of plastic (PMMA, PET PC, TPU, COC, etc.).
The project’s ultimate objective is to market a real low-cost device produced by a rollto-roll process.
The detection principle involves target/probe recognition by fluorescence (fluorescent
light is guided to the optical sensor by internal reflection).
Typical substances used for real application:
g microcystine (drinking water, < 1 ng/ml), EE2 (Ethynil estradiol è Endrocrine perturbators);
g product retained for development: substance P (a neuropeptide acting as a neurotransmitter).

© Fraunhofer IPT, Guido Flüchter

EC Programme

FP7 –Smart components and
smart systems integration
- Micro-Nano Bio Systems
(MNBS)

Keywords

Collective fabrication
Low-cost
Microfluidic
MNBS
Optics

ML²
MultiLayer MicroLab
ML2 - MultiLayer MicroLab provides a design and manufacturing
platform for the production of sophisticated devices which combine
microfluidics, optics and microelectronics.
g Design and develop a novel and highly cost-effective and versatile
production platform based in the concept of roll-to-roll printing for an
innovative and integrated Lab-on-Chip systems.
g Design and develop a fully functional and integrated Lab-on-Chip
microfluidic and detection system that will combine existing market
solutions nowadays only present separately enhancing therefore the
performance and multi-parametric-sensing capabilities (i.e. electronic, optic, integration of multiple bioactive components, etc.).
g Define and execute realistic test case experiments and scenarios
that will demonstrate the detection capabilities (pathogen detection,
point of case diagnostics, disease diagnostics, etc.) and open the path
to full commercialization of the system.

OUTCOMES
g Development of a disposable fluidic chamber made of PMMA for detection based on
fluorescent target-probe recognition:
• immobilization process compatible with roll-to-roll process,
• generic, robust, reliable process for immobilizing amine probes on PMMA,
• light guide inside PMMA substrate from «probe zone» to sensor,
• successful transfer to a roll-to-roll machine.
g Validation of immobilization process for substance P detection: < 1 ng/ml in 5
minutes (x2).
g Detection level of 1 μg/mL for ethinyl oestradiol.
g Sensitive detection method: typically 100 times more sensitive than scanner detection (TECAN LS200).
g Light conveyed from PMMA edge to PMT sensor by fiber bundle (rectangular to
circular transformation).
g Rapid detection (<10 minutes), automation possible, wavelength adaptable, continuous mode detection (real-time, kinetic, etc.),…
g Small, low cost pumps and electrovalves (roll-to-roll: pick and place).

48 months
Sep. 2012 > Aug. 2016

ML² at a glance
Project Coordinator
FhG IPT (DE)
Partners

DE: Coatema Coating Machinery
GmbH, Fraunhofer IPT,
Panacol-Elosol GmbH,
Polyscale GmbH
FI: Global Innovation Network Oy,
VTT Technical Research Centre of
Finland
FR: CEA, CETEMM SA
GB: Dolomite Ltd., Microsharp Ltd.
IT: Durst Phototechnik AG
SP: Institut Químic de
Sarrià-Universitat

Total budget
e 10.8 m.
EC Contribution
e 7.7 m.

Publications
• “Biochemical functionalization of
PMMA foil for roll-to-roll fabrication
of fluorescence based biosensors for
environmental testing”, N. Nonglaton,
J. Hue, C. Fontelaye, D. Lauro,
M. Doménès, T. Bastuck, C. Baum,
Poster at 5th International Conference
on Bio-Sensing Technology, Riva Del
Garda (Italy), 7-10 May 2017.
•“Fluorescence based detection
with a full PMMA fluidic chamber
compatible with a Roll-to-Roll (R2R)
process”, J. Hue, N. Nonglaton,
C. Fontelaye, M. Doménès,
R. Rousier, T. Bordy, D. Lauro,
F. Perraut, T. Bastuck, C. Baum,
Poster at Europt(r)ode XIII, Graz
(Austria), 20-23 March 2016.

Jean Hue,
jean.hue@cea.fr
Guillaume Nonglaton,
guillaume.nonglaton@cea.fr

Contract Number
318088

Adrienne Pervès,
adrienne.perves@cea.fr
Working
functionalized PMMA
fluidic chamber Achievement
compatible with a
R2R process.
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Leti in NanoAthero
CEA-Leti is performing the following two principal tasks in the NanoAthero project.
g Development of new contrast agents for atherosclerotic plaque imaging: these
contrast agents have been designed based on the well-established Lipidots™ technology. Lipid nanoparticles have been modified to insert on their surface chelating
moieties for Gd3+ labeling for Magnetic Resonance Imaging, or 68Ga labelling for Positon Emitting Tomography. Furthermore, the particle surface has been functionalized
by ligands targeting the atherosclerotic plaques at different stages of development
(fucoidan targeting endothelial cells at initial plaque development stage and RXP470,
a peptide targeting MMP12 protein overexpressed in plaque macrophages at more
advanced plaque development stages).
g Screening of drug-loaded lipid nanoparticles for plaque treatment: an anti-inflammatory drug (budesonide) and a LXR agonist for lipid metabolism regulation (GW3965)
have been loaded in Lipidots™ for plaque therapy. The particles’ ability to target efficiently the atherosclerotic plaques has been demonstrated in an ApoE mouse model
(see figure).

© psdesign1

EC Programme

FP7 NMP.2012.1.2-2 Development and phase-I
clinical trials of
novel therapeutic
nanotechnology-enabled
systems for the diagnosis and
treatment of atherosclerosis

Keywords

Nanomedicine

NanoAthero
Nanomedicine for target-specific imaging
and treatment of atherothrombosis
NanoAthero aims to demonstrate the preliminary clinical feasibility
of the use of nanosystems for targeted imaging and treatment of advanced atherothrombotic disease in humans.
In acute coronary syndrome and stroke, atherosclerotic plaque disruption with superimposed thrombosis is the leading cause of mortality in the Western world. Nanosystems for both the imaging and the
therapy of thrombus and plaque are developed.
I) New nanoimaging agents will allow non-invasive molecular imaging
of key pathological processes in vulnerable plaques.
II) Nanosystems will be used for delivery and improved efficacy of
drugs for plaque and stroke treatments in humans.

5 years
Feb. 2013 > Jan. 2018

Significant results have been reported at the project mid-term.
g Relevance of lipidotsTM nanosystems for plaque and thrombus targeting: proof-ofconcept for atherosclerotic plaque targeting by lipidots was demonstrated by in vivo
fluorescence imaging in apoE mice model using fluorescent dye-labelled nanoparticles
(see figure). Nanoparticle accumulation in atherosclerotic plaques was observed only
2 hours after intravenous injection and increased after 24 hours. These findings pave
the way to future clinical studies.
g New contrast agent for plaque imaging ready to enter preclinical studies: fast and
efficient labelling of Lipidots™ by radionucleides such as 68Ga or 64Cu was achieved. These radiolabeled agents designed for Positon Emitting Tomography imaging are
presently tested in preclinical model of atherosclerotic plaques (apoE mice) in collaboration with APHP/Bichat Hospital.

NanoAthero
at a glance
Project Coordinator
INSERM (FR)
Partners

AT: Medical University of Graz
CH: CLINAM - European Foundation
for Clinical Nanomedicine
DE: Max Planck Institute of Colloids
and Interfaces, NanoPET
Pharma GmbH, Universitätsklinikum
Erlangen
DK: Lundbeckfonden Center of Excellence in Nanomedicine NanoCAN
FR: CEA-Leti, CEA-DSV, Hopitaux
de Paris (FR), Inserm, InsermTransfert SA
GB: Edinethics Ltd
HU: Semmelweis University
IL: WinzSoft
IT: Bracco Imaging S.p.A
NL: Academic Medical Center,
University of Twente

Total budget
e 12.8 m.
EC Contribution
e 9.8 m.

Publications

Screening of
drug-loaded lipid
nanoparticles for
plaque treatment
demonstrated in
ApoE mouse model.

©

Medical University of Graz

• “Nanoparticles for intravascular
applications: Physicochemical
characterization and cytotoxicity
testing”, J. Matuszak, J. Baumgartner,
J. Zaloga, M. Juenet, A. Eduardo da
Silva, D. Franke, G. Almer, I. Texier,
D. Faivre, J.-M. Metselaar,
F.-P. Navarro, C. Chauvierre, R. Prassl,
L. Dézsi, R. Urbanics, C. Alexiou,
H. Mangge, J. Szebeni, D. Letourneur,
I. Cicha (NanoAthero Consortium),
Nanomedicine, Vol. 11, No. 6, Pages
597-616, March 2016.

Isabelle Texier-Nogues,
isabelle.texier-nogues@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr
TRL
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Leti in NAREB

© Institut Pasteur

EC Programme

FP7 NMP.2013.1.2-2 Nanotherapeutics to treat
bacterial infectious diseases

Keywords

Antibiotic resistance
Nanomedicine

NAREB
Nanotherapeutics for Antibiotic Resistant
Emerging Bacterial pathogens
The extensive use of antimicrobials in human medicine over the past
70 years has now led to a major threat to clinical practice due to a
relentless rise in the number and types of microorganisms resistant
to these medicines.
The aim of this project is to fight against Multi-Drug Resistant (MDR)
Mycobacterium tuberculosis (M. tuberculosis) (TB) and Methicillin Resistant Staphylococcus aureus (MRSA), leading to serious diseases
which usually require intensive care treatment with a long hospitalization. The project proposes nanotechnology solutions to this problem by the design, the preparation and the optimization of several
nanoformulations of current antibiotics and novel antibacterial drugs.
The objectives of the NAREB project are:
1/ to select antibacterial molecules and design nanocarriers with
strong antibacterial activity,
2/ to test in vitro and in vivo the best therapeutic combinations including innovative genomic and bioimaging approaches,
3/ to assess safety, regulatory and production (GLP/GMP) aspects for
the most promising nanoformulations, and
4/ to establishing the Clinical Development Plan for the preparatory
work for the subsequent clinical testing of the selected nanoformulations.

CEA-Leti designed smart nanocarriers based on lipid particles with antibacterial activity and contributed to their in vitro validations. Several antibiotics have been tested for
being loaded into lipid nanoparticles, including Methicillin Resistant Staphylococcus aureus (MRSA) drugs such as vancomycin, daptomycin or linezolid or Multi-Drug Resistant
Mycobacterium tuberculosis (MDR-TB) drugs such amikacin, bedaquiline or meropenem.
Up to now, 3 antimicrobial agents have been successfully loaded in lipid nanoparticles
by preserving their activity on Multi-Drug Resistant Mycobacterium tuberculosis (bedaquiline and a new lead from GSK) or on Methicillin Resistant Staphylococcus aureus
(daptomycin). ). These drug-loaded lipid particles present a high colloidal stability even in
biological media and CEA-Leti in collaboration with Kuecept has developed injectable IV
formulations through freeze-drying processes and resuspension. These new candidates
of nanotherapeutics are under investigation in terms of their in vivo efficacy and toxicity at
the preclinical level. In parallel, a clinical development plan has been initiated addressing
the preparation of a future Phase 1 clinical testing.

© Institut Pasteur

48 months
Feb. 2014 > Jan. 2018

OUTCOMES
The success of the utilization of nanoparticles in the improvement of drug targeting in
other diseases opens the way for novel applications in nanotechnology-based antimicrobial treatments aimed at controlling Multi-Drug Resistant Mycobacterium tuberculosis
and Methicillin Resistant Staphylococcus aureus.

NAREB at a glance
Project Coordinator
Institut Pasteur (FR)

Publications

Partners

BE: Coris BioConcept
DE: Forschungszen trum Borstel
ES: GlaxoSmithKline,
Nanoimmunotech, University
of Zaragoza
FR: Bioaster, CEA-Leti, Inserm
transfert, Institut pasteur
GB: National Institute for Biological
Standards and Control,
Procarata Biosystems Limited
NL: University Utrecht
NO: Stiftelsen Sintef
PL: National Medicine Institute

Total budget
e 13.1 m.
EC Contribution
e 9.7 m.
Contract Number
604237

Smart nanocarriers
based on lipid particles
(LipidotsTM).

© CEA-Leti

• “In Vitro Investigation into the
Suitability of Nucleic Acid-Cationic Lipid
Nanoparticle Based Nanocomplexes for
the Treatment of Methicillin Resistant
Staphylococcus aureus”, A. Hibbitts,
European Nanomedicine Meeting 2015,
Grenoble, France, 8 December 2015.
• “Co-Administration of Vancomycin
and Cationic Solid Lipidnanoparticles
Complexed with Transcription Factor
Decoy (TFD) Oligonucleotides Show
Enhanced Killing of Methicillin Resistant
Staphylococcus aureus (MRSA)”,
A. Hibbitts, SFNano 2016, Paris, France,
14 December 2016.
• “Lipid nanoparticles as delivery carriers
for antimicrobial agents delivery” ,
D. Jary, Novel Approaches to fight
bacteria, Bremen, Germany, 10-14 July
2016.

Fabrice Navarro,
fabrice.navarro@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr
TRL
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Leti in REFINE
CEA-Leti’s role in the project:
g global coordination of the project and interface with the European Commission;
g coordination of the “Management and Coordination» part;
g coordination of the “Bridging communities” part.

NEW

CEA-Leti’s activities in the project:
g provider of lipid nanoemulsions as reference materials (Lipidots®) for the validation of
new analytical assays, using our scale up manufacturing platform;
g developer of new analytical assays like Mass Spectrometry Imaging for the analysis of
the biodistribution of nanomedicines in human tissues;
g developer of new tools for the preclinical validation of novel nanomedicine and nanobiomaterials, using the Organ-on-Chip technologies under development in our labs, for an
animal free evaluation of new nanomaterials;
g connection of our professional network in nanomedicine industry and in regulation (like
the European Medicine Agency EMA and the EU Innovation Network);
g interface between the Nanomedicine and the Nanosafety Communities, in connection
with CEA-Liten Institute.
CEA-Leti has been nominated as coordinator of the project due to its successful leadership in EUNCL which is considered now as the reference infrastructure in Europe in
Nanomedicine Characterization. CEA-Leti will bring its technical and analytical expertise
to the REFINE partners, and expect in return a stronger expertise in the forefront of analytical sciences applied to novel nanomaterials used in medical applications, whether as
medicinal forms or as medical devices.
This leadership will reinforce our position as a European leading institute in nanomedicine
and its regulatory aspects.

© Fotolia-nd3000
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REFINE
Regulatory Science Framework for
Nano(bio)material-based Medical
Products and Devices
REFINE proposes a Regulatory Science Framework for the risk-benefit
assessment of medical products and medical devices that are based
on nanomedicines and biomaterials. The heart of our framework is
the development of a product-specific Decision Support System that
identifies the most efficient way to deliver the data required by regulation by the best-fitting methods. The decision tree will explicate the
product’s specific regulatory challenges and the priorities of both missing data and missing methods to match these challenges. It will thus
allow planning a cost-and time efficient strategy both for necessary
measurements and for the advancement of methods. Our approach
is aligned with the industrial R&D practice of stage gating. We will
demonstrate the relevance of the framework for the most pressing
regulatory challenges, which are: borderline products, nanosimilars,
and products combining several functionalities. In order to do so,
we will identify the regulatory challenges with regulation authorities
from Europe and abroad, and design methods for tiered decision tree,
guided by the latest scientific knowledge. We will study/predict physiological distribution of nanomedicines and biomaterials, as well as
develop and validate new analytical or experimental methods and assays requested by the regulators. These latter development will be
performed in a quality management system, ensuring the possible
standardisation of our assays. REFINE will gather a wide community
of stakeholders in regulation, industry, science, technology development, patients, and endusers, into a Consortium for the Advancement
of Regulatory Science in Biomaterials and Nanomedicine.

44 months

REFINE at a glance
Project Coordinator
CEA-Leti (FR)
Partners

CH: Eidgenössiche
Materialprüfungs- und
Forschungsanstalt
DE: European resaerch Services
GmbH, Gesellschaft für Bioanalytik
Münster e.V.
ES: Biopraxis Research AIE
FR: AmatsiGroup, CEA-Leti
IE: Trinity College Dublin
IT: Green Decision, Joint Research
Centre - European Commission
NO: Stiftelsen SINTEF
NL: Rijdsinstituut voor
Volksgezondheid en Milieu
UK: University of Brighton,
University of Liverpool

CEA-Leti.

© CEA-Et Hop ! Studio

Total budget
e 8 m.
EC Contribution
e 8 m.

Patrick Boisseau,
patrick.boisseau@cea.fr
Adrienne Perves,
adrienne.perves@cea.fr

Contract Number
761104

TRL

CEA-Liten.

212

© CEA / Chr. Morel

213

http://www.swan-icare.eu/

Leti in SWAN-iCare
CEA-Leti is performing the following tasks:
g development of a sensor for wound status assessment: impedance measurement is a
non-invasive way to characterize the biological structure of living tissues. Wound structure is, by hypothesis, quite different of the healthy skin one. Therefore, it should be
possible to monitor the healing status of a wound thanks to impedance measurement;
g development of a sensor for detecting wound infection: the purpose of the bacterial
sensor is to screen MRSA in wounds. Screening is performed within a separate closed
reaction chamber: an enzymatic substrate generates a volatile compound, if bacteria are
present. Then volatile compound is trapped in the sensor and a continuous monitoring of
the absorbance of the sensor is performed;
g development of a smart dressing for delivery of healing-promoting drugs: collagen-based biomaterials are designed by loading lipid nanoparticles into collagen gels
followed by a freeze-drying process. These materials combine with the water-absorbent,
tissue-structuring and reconstruction properties of the collagen as well as with the
healing properties of the lipids. The lipid nanoparticles can also be loaded with antiinflammatory or antibacterial drugs as well as growth factors that encourage healing.

© Fotolia-Kateryna_Kon
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Keywords

ICT
Wound infection detection

SWAN-iCare
Smart wearable and autonomous
negative pressure device for wound
monitoring and therapy
The core of the project is the fabrication of a conceptually new wearable negative pressure device equipped with Information and Communication Technologies. Such device will allow users to:
g accurately monitor many wound parameters via non-invasive integrated micro-sensors;
g early identify infections;
g provide personalized two-line therapy via bioactive dressings to
supplement the negative pressure wound therapy.
SWAN-iCare is a novel approach and focuses on the provision of a
pioneering two-line therapy at home: a first line based on a negative
pressure device and a second line based on the innovative bioactive
dressings.
The physician’s analysis of the collected data will be the basis for
the decision of the therapy. The closed-loop approach offered by
SWAN-iCare project provides unprecedented levels of care, improves
patient’s health condition and significantly lowers costs and needs for
hospitalization, with obvious advantages for both patients and health
care services.

48 months
Sep. 2012 > Aug. 2016

Developments at project completion:
g a wearable device for for impedance measurement (a miniaturized impedance meter).
Tests reveal close agreement with measurements taken on the device and on a commercial, non-wearable device;
g optical sensors for non-invasive detection of bacteria in complex matrices such as
blood, exudate and food;
g collagen-based biomaterials with better healing properties: hybrid collagen/lipid
materials have been designed and demonstrated to promote cell attachment and
adhesion, thereby encouraging rapid, safe wound healing.

SWAN-iCare at a glance
Project Coordinator
EXODUS (GR)
Partners

CH: Centre Suisse d’Electronique
et de Microtechnique SA
EU: European Wound Management
Association
FR: CEA-Leti, CHU Grenoble
GB: Smith & Nephew
GR: Exodus A. E., Institute of
Communications and Computer
Systems
IT: Euroresearch, Heamopharm
Biofluids, Universita di Pisa dept of
Chemistry, Universita di Pisa Wound
Healing

Total budget
e 8.1 m.
EC Contribution
e 6.1 m.

• “SWAN-iCare: A smart wearable and
autonomous negative pressure device
for wound monitoring and therapy”,
I. Texier et al., International Conference
on Embedded Computer Systems:
Architectures, Modeling, and Simulation
(SAMOS XIII), Samos, 15-18 July 2013.
• “SWAN-iCare project: Towards smart
wearable and autonomous negative
pressure device for wound monitoring
and therapy”, I. Texier et al.,
MobiHealth2014, Athens, 3-5 Nov. 2014.
• “The use of multi-frequency
impedimetry for the monitoring of
chronic wounds: the BIPPED clinical
study”,MobiHealth 2015, M. Muller & al.,
London, 14-16 Oct. 2015.
• “Wearable Impedance Monitoring
system for dialysis patients”,
S. Bonnet, A. Bourgerette, S. Gharbi,
C. Rubeck, W. Arkouche, B. Massot,
E. McAdams, A. Montalibet, P. Jallon, 38th
Annual International Conference of the
IEEE Engineering in Medicine and Biology
Society, EMBC, Orlando, FL, USA during
August 17-20, 2016.
• “Localised Impedance Monitoring
Device for the Remote Clinical Assessment of Home-Based Dialysis Patients”,
A. Montalibet, W. Arkouche,
P. Bogónez-Franco, S. Bonnet, A. Clarion,
G. Delhomme, C. Gehin, S. Gharbi,
R. Guillemaud, P. Jallon, B. Massot,
P. Pham, E. Ribbe-Cornet, E. McAdams,
38th Annual International Conference of
the IEEE Engineering in Medicine and
Biology Society, EMBC, Orlando, FL, USA
during August 17-20, 2016.

Isabelle Texier-Nogues,
isabelle.texier-nogues@cea.fr

Contract Number
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Prototype of the wound
impedance sensor.
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Leti in 3DAM

NEW

CEA-Leti’s main contributions to 3DAM are delivery of advanced technology node test
wafers to project partners and providing access to its nanocharacterization platform
offering a wide range of characterization techniques including:
g a 300mm silicon technology platform supplying test wafers to selected partners,
thereby allowing development of in-line methodologies (CDSEM, 3D-AFM, OCD):
• front End of Line (FEOL): different length and width nanowire arrays, stacked
nanowires and nanowires inside dummy gates,
• back End Of Line (BEOL): TSV with 5 - 20μm top CD and medium to high aspect
ratio.
g collaboration with other partners in developing complementary structural characterization techniques such as Electron Tomography in a TEM for FEOL qualification, X-ray
tomography in a SEM for BEOL qualification, Cathodoluminescence (CL) and Photoluminescence (PL) techniques for defect characterization and identification, Nanobeam
Electron Diffraction in a TEM and micro-RAMAN for strain analysis;
g composition and doping measurements of SiGe and III-V materials using micro-RAMAN spectroscopy, TEM Energy Dispersive X-ray and Electron Energy Loss spectroscopies (EDX &EELS), low-impact-energy SIMS protocols and Atom Probe Tomography;
g development of PL and CL mapping for MX2 materials to extract information on
thickness and crystal quality;
g in conjunction with project partners, contribution to development of hybrid, correlative metrology and characterization protocols and workflows. The study aim is to combine two or more complementary metrology or analytical techniques to improve further
the overall capabilities of technology development and ramp-up phases;
g organization of a public workshop in March 2019 at MINATEC Grenoble to disseminate project findings.

© Schutterstock
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3DAM
3D Advanced Metrology and materials for
advanced devices
The objective of the 3DAM project is to develop a new generation of
metrology and characterization tools and methodologies, needed to
enable the development and introduction of the next semiconductor
technology nodes. To follow Moore’s law for the next decade, breakthrough developments in lithography, device architectures and new
materials are needed. As nano-electronics technology is moving
beyond the boundaries of (strained) silicon in planar or even finFETs,
new 3D device architectures and new materials (e.g. nanowires,
MX2 and 2D materials) bring major metrology and characterization
challenges which cannot be met anymore by pushing the present
techniques to their limits.

36 months
Apr. 2016 > Mar. 2019

3DAM at a glance
Project Coordinator
FEI Electron Optics B. V. (NL)
Partners
BE: Imec

CH: ATT
DK: CAP, DTU
FR: AM-F, CAM, CEA-Leti, FEI-FR,
ST
HU: SEMIL
IE: ADA
IL: AMIL, BRUKER JV, NOVA
NL: FEI, TNO, TU/e

Total budget
e 13.9 m.
EC Contribution
e 6.5 m.
Contract Number
692527
Vincent Delaye,
vincent.delaye@cea.fr
Narciso Gambacorti,
narciso.gambacorti@cea.fr
CMOS Nanowire
Transistor, TEM cross
section of a silicon
nanowire (with high-k
metal gate stack).
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Leti in 3D Stack
The JRP addresses the following scientific and technical objectives:
g development of reliable 3D characterization and metrology techniques for:
• Cu filled TSV samples and arrays with aspect ratios from 10 to 15 /1,
• wafers of different thicknesses and interconnection diameters before bonding and
after CMP;
g development of methods to accurately measure electrical and thermal transport
properties of nanostructured copper TSV interconnects;
g development of metrology tools, protocols and standards for high lateral and z
resolution;
g characterization of post bonding overlay alignment on the available sample using IR
microscopy and laser scanning IR. Preparation of a report on metrological assessment
of IR microscopy and laser scanning IR limits in relation to post bonding overlay alignment for micron size interconnects;
g inspection of the bonded/thinned wafers to characterize defect type (particle, voids,
material residue), and defect distribution during the bonding process;
g consideration of wafer/die bonding and thinning process aspects. Dimensional characterization of samples and other properties (using confocal measurements, IR scan
mode interferometry, confocal chromatic scan mode and spectral domain IR interferometry);
g provision of traceable metrology for thickness uniformity control and surface quality
of wafers/dies;
g based on inputs from other partners, delivery of a documented recommendation on
the strategy for measuring dimensional properties of TSVs using confocal microscopy,
IR interferometry and optical microscopy traced to metrological 3D atomic force
microscopy (AFM);
g engagement with the semiconductor industry and others to facilitate technology
take-up.

© CEA-Leti
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Keywords

3D-technologies
Characterization
Metrology
Through Silicon Via (TSV)
Wafer bonding

3D Stack

Metrology for Manufacturing 3D Stacked
Integrated Circuits

18 months
Jun. 2015 > Jun. 2018

The evolution of the More than Moore approach has introduced 3D
objects at the micron scale, the through silicon via (TSV) and 3D heterogeneous integration. 3D characterization, metrology, and inspection
with micrometric to nanometric resolution and capabilities of largefield analysis to inspect and measure groups of vias are required as
well as controlling wafer/chip thinning and bonding processes.
The current state-of-the-art measurement techniques suffer from a
lack of traceability, accuracy and quantification. This project will focus
on establishing traceability of existing instruments (optical based methods) by developing new standards and reducing uncertainty through
new measurement protocols and methodologies. It proposes to develop new instrumentation (Scanning Probe Microscopy, Scanning
Acoustic Microscopy and Synchrotron based methods) to characterize
the TSVs before and after filling as well as characterization of the
bonding and thinning quality of wafers and dies.

3D Stack at a glance

The Joint Research Project (JRP) objective is to develop the metrological infrastructure and facilities for calibration standards and measurements of qualified material and cell devices.

Project Coordinator
Lne (FR)
Partners

BE: Imec
CH: Metas
DE: Fraunhofer Izm, Ptb
FR: Fogale, CEA-Leti

Total budget
e 1.4 m.
EC Contribution
e 1.4 m.
Contract Number
Grant Agreement No. 14IND07
Full Die
Nanotopography.

© CEA-Leti

Nicolas Devanciard,
nicolas.devanciard@cea.fr
Carlos Beitia,
carlos.beitia@cea.fr
TRL
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Leti in E450EDL
During the E450EDL project, CEA-Leti has actively contributed to the controlled
exchange of wafers between different wafer partner facilities. These are required for
the KET demonstration line that implements the Flying Wafer concept, specifically
through study and support in metallic and molecular contamination characterization
and expertise. CEA-Leti has successfully achieved the following in cooperation with
project partners ECP, Imec and Recif among others:
g defining guidelines and specifications for packaging, shipping and re-introducing
wafers at partner facilities and in wafer fabrication;
g implementing characterization methods for metallic and molecular (organic and
ionic) contamination measurements inside 450mm FOUPs and MACs and on 450mm
wafers stored/shipped in carriers. These analysis methods use GCMS, IC and VPDICPMS
techniques and have been applied to support the project partners;
g assessing metallic and molecular cross-contamination transferred from 450mm
containers through wafers during wafer storage;
g supporting ECP for cleaning process qualification of 450mm FOUP and MAC;
g in close collaboration with ECP, defining “Particles, metallic and molecular contamination cleanliness specifications for 450mm wafer carriers”;
g supporting Recif in determining the metallic contamination control performance characteristics of the 450mm sorter;
g evaluating a subcontractor for reclaiming 450mm wafers, whose metallic contamination requirement has not been met;
g participating in the successful application of the inter-fab Flying Wafer® concept
through 3-site (Imec, Recif and CEA-Leti) exchanges of implemented procedure for
contamination control.

© CEA-Leti / G. Cottet
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ENIAC call 2012-2

Keywords

Nanoelectronics
Scaling

E450EDL
European 450mm Equipment Demo Line
The aim of the E450EDL project is to continue the engagement of the
European semiconductor equipment and materials industry in the
450mm transition that started with the ENIAC JU EEMI450 initiative
and proceeded with subsequent projects funded with public money,
amongst others NGC450, SOI450, EEM450PR. In the frame of E450EDL
project the E&M (equipment and materials) solutions for manufacturing
shall be developed according to the market needs as defined in the ITRS
roadmap and according to the state of the art manufacturing practices.
Different technologies are scheduled, which drive the ITRS towards to
1X nm nodes, for instance lithography, metrology, thin film deposition,
wafer preparation and handling according the mentioned for 450mm
equipment and material standards.
The following topics are covered to support the realization of the KET
pilot line:
g integration and wafer processing;
g lithography;
g front end equipment;
g metrology;
g wafer handling and facilities.
The demo line resulting from this project is considered as an enabler
for first critical process module development by combining cleanroom
infrastructure with tools remaining at the site of the manufacturers. This
distributed demo line allows the adapted protocols (ex. Flying Wafer)
and very performant characterization for the equipment and wafers
control. CEA-Leti supports the project partners in advanced analysis
and characterization methods.

36 months
Oct. 2013 > Sep. 2016

E450EDL at a glance
Project Coordinator
ASML (NL)
Partners
AT: LAM Research AG
BE: ASM-B, Imec
CH: Artemis
CZ: FEI-CZ, ISI Brno
DE: AIS, ASYS, IDE, M+W, Zeiss
FR: Adixen, CEA-Leti, ECP, IBS,
Nanoplas, Recif, Riber
HU: MFA, Semilab
IE: Intel
IL: AMIL, JVS, KIT, Nova
NL: ASML, Demco, FEI-NL, Levitec,
Prodrive, Reden, TNO, TU-Delft,
VDL-ETG, Xylab

Total budget
e 189 m.
EC Contribution
e 29.4 m.
Contract Number
325613

Principle of the VPD-DC
collection and ICPMS
analysis.

Publications
© CEA-Leti

• “Metallic Contamination Analysis
of 450 mm Wafers Using VPD-DCICPMS and LPD-ICPMS”, C. Agraffeil
& al.,presented at: FMNC2015,
Dresden, April 2015.
• “Specification Cleanliness Proposal
for 450mm Containers”, D. Cheung,
H. Fontaine, W. Vansumere, poster
presented at APCM2017, Dublin,
Ireland, April 10-12, 2017.

Jean-Sébastien Moulet,
jean-sebastien.moulet@cea.fr
TRL
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https://erc.europa.eu/projects-and-results/erc-funded-projects/project/holoview

Leti in Holoview
CEA-Leti is developing methods to detect single dopant atoms in semiconductor
devices using different TEM-based techniques such as scanning TEM for measuring
dopant presence and off-axis electron holography for measuring related electrical
potentials.
A new electron biprism has been manufactured using CEA-Leti cleanroom-based
techniques. This replaces conventional quartz-based technology and provides a better
low cost method of performing electron holography.
© CEA-Leti

EC Programme

ERC-SG-PE7-ERC Starting
Grant - Systems and
communication engineering

Keywords

Electron holography
Transmission electron
microscopy

Holoview
Single dopant atom detection
in electrically operated devices
As the dimensions of the components that are used in the semiconductor industry are reduced in size, innovation becomes more and
more a key parameter. Doped semiconductors are used as components to build nano-electronic devices, light sources, detectors and
for photovoltaic applications. As these devices are reduced in size,
the location of individual dopant atoms becomes more important and
the behavior of only one or two atoms can dominate their properties.
Today there is no method that can routinely measure the presence of
the single dopant atoms. Their detection is now within reach, using a
transmission electron microscopy based technique known as off-axis
electron holography. The phase of the electrons is recovered to allow
the electrostatic potentials in the specimen to be measured with atomic resolution. It is the goal of Holoview to electrically connect and
operate a range of microelectronic devices in situ in the TEM in order
to assess the electrical characteristics whilst observing the changes
in electrostatic potential caused by the individual active dopants. The
ability to see individual dopant atoms and to observe working devices
in the TEM provides essential tools for this new exciting field of research.

The sensitivity and spatial resolution required to detect the fields around single dopant
atoms has now be achieved. Provision of perfect specimens and better vacuums are
nevertheless required to make this a routine characterization technique.

60 months
Dec.2012 > Dec. 2017

Holoview at a glance
Project Coordinator
CEA-Leti (FR)
Partners
NA

Total budget
e 1.5 m.
EC Contribution
e 1.5 m.

Enhanced electron holography allows magnetic and piezo-electric fields to be
measured with nm-scale resolution and this technology is now being used to improve
the performance of new types of microelectronic device.
Deformation mapping techniques have been developed and are now being used to
measure strain in technologically relevant devices with nm-scale resolution.
Methods have been designed for switching microelectronic devices in situ within the
TEM system so it is now possible to observe changes in working conditions in real
time. For example, we can now observe the movement of oxygen vacancies in resistive
memories.
Furthermore, specimen preparation techniques have been improved to allow accurate
observations of studied materials.
All these methods can be combined to provide measurements of the structure,
composition and fields in nano-scaled devices and to observe their changes in-situ as
they operate within a TEM system.

Contract Number
Stg 306535

HAADF STEM image
of a single Sb dopant
atom in a silicon
lattice viewed down the
<110> direction.
This image with
sub-angstrom spatial
resolution has been
acquired using a probe
corrected electron
microscope.

© CEA-Leti

As an example of what is now possible by electron
holography (a) shows an aberration corrected TEM image of
a few layers of MoS2. (b) A single electron hologram of
a series of 150 that was acquired in order to calculate the
(c) potential map. The potential map has a phase sensitivity
of 2pi/2500 and directly shows the electronic distribution
in the specimen.

Publications
• “Off-axis electron holography for
the measurement of active dopants
in silicon semiconductor devices”,
D. Cooper, Journal of Physics D 49
474001 (2016).
• “Strain mapping of semiconductor
specimens with nm-scale resolution
in a transmission electron
microscope”, D. Cooper et al. Micron
80 145-165 (2016).
• “Combining 2 nm Spatial Resolution
and 0.02% Precision for Deformation
Mapping of Semiconductor
Specimens in a Transmission
Electron Microscope by Precession
Electron Diffraction”, D. Cooper et al.,
Nano Letters 15 5289-5294 (2015).
• “Three dimensional imaging and
analysis of a single nano-device at
the ultimate scale using correlative
microscopy techniques”, A. Grenier
et al., Applied Physics Letters 106 21
(2015).
• “Valley Polarisation assisted spin
polarization in two dimensions”,
V.T. Renard et al., Nature Comms.
6 (2015).
• “3D analysis of advanced nanodevices using electron and atom
probe tomography”, A. Grenier et
al., “Ultramicroscopy 136 185-192
(2014).
• “Atomic resolution electrostatic
potential mapping of graphene
sheets by off-axis electron
holography”, D. Cooper et al., Journal
of Applied Physics 116 3 (2014).
• “Determination of the electrostatic
potential distribution in Pt/Fe:SrTiO3/
Nb:SrTiO3 thin-film structures by
electron holography”, A. Marchewka
et al., Scientific Reports 4 (2014).
• “Field mapping in semiconductors
by off-axis electron holography: From
devices to single dopant atoms”,
D. Cooper et al., Microscopy and
Microanalysis 20 254-255 (2014).

David Cooper,
david.cooper@cea.fr
TRL
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Leti in METRO4-3D

NEW

© P. Avavian

EC Programme

Horizon 2020 research and
innovation programme under
grant agreement No 688225

Keywords

3D technologies
Characterisation
Mass spectrometry
Metrology

METRO4-3D
Ion-Irradiation-Induced Si Nanodot
Self-Assembly for Hybrid SET-CMOS
Technology
Within the food chain of equipment delivery for the semiconductor industry, Europe has kept a very strong position in the metrology area with
many companies establishing themselves as main leaders in the field.
Hence in line with the objectives of the ICT25 call for innovation action
to overcome the (initial) barriers for the successful com-mercialization
of novel European products, this project aims at exploring for a number
of metrology solutions their technological readiness, reliability and relevance of the developed protocols, and the COO. The portfolio within the
project covers new metrology concepts addressing specifically the processing challenges linked to 3D-Devices and range from probing basic
layer properties (composition, electrical properties) in FEOL to control
of metallization in BEOL up to issues linked to die stacking. For each
of these tools, the basic metrology concepts are existing and validated
in the lab on selected applications but their general applicability field
within the semiconductor industry still needs to be established.

36 months
Feb.2016 > Jan. 2019

METRO4-3D
at a glance
Project Coordinator
Imec (BE)
Partners
AT: Materials Center Leoben
Forschung GmbH (MCL)
BE: Lam Research Belgium BVBA
(LAM)
CH: Swiss Federal Laboratories for
Materials Science and Technology
(Empa)
DE: Fraunhofer Institute for
Mechanics of Materials (FhG),
ION-TOF Technologies GmbH
(ION-TOF), PVA Tepla Analytical
Systems (PVA TePla)
DK: CAPRES A/S – Copenhagen
Applied Research (CAPRES),
DTU Nanotech, Technical
University of Denmark (DTU)
FR: CEA-Leti

Total budget
e 3.3 m.
EC Contribution
e 3.3 m.
Contract Number
688225
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CEA-Leti’s main contribution to the METRO4-3D project is evaluating and developing
new TOF-SIMS protocols as well as designing and supplying test structures.
Two major developments are addressed.
Combining AFM with TOF-SIMS. CEA-Leti is taking part in evaluating a combined instrument, installed at IMEC, in which AFM and TOF-SIMS can be performed on the same
sample without removing it from the vacuum chamber. The idea behind this is that
the surface topography measured by AFM can be used to correct the 3-D TOF-SIMS
data set for initial surface topography and the difference in sputter rate of difference
materials. The AFM can also be used to give precise depth scale measurements. This
in-situ approach is being compared with an approach at the Letil, where the sample is
transferred between AFM and TOF-SIMS instruments in a transfer capsule (vacuum or
inert gas atmosphere). More advanced AFM modes will also be investigated to correlate materials properties such as elastic modulus with chemical information from the
TOF-SIMS.
FIB-TOF-SIMS. A second major development entails using a Ga-focused ion beam (FIB)
in situ in the TOF-SIMS. Protocols are being developed at Leti to cross-section TSV
samples in-situ and image the cut face using the TOF-SIMS. This will be extended
to the use of slice and view tomography where successive FIB cuts and images are
performed allowing a 3-D volume to be generated. This work will be correlated with
METRO4-3D data from Gigahertz acoustic microscopy.

By using AFM data
acquired at several
points during the
TOF-SIMS analysis
the 3D data set can
be corrected for the
different sputter rates of
the materials present to
achieve the data set on
the right.

© CEA-Leti
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jean-paul.barnes@cea.fr
Narciso Gambacorti,
narciso.gambacorti@cea.fr
TRL

227

www.nffa.eu

Leti in NFFA - EUROPE
CEA-Leti’s contribution is to develop advanced nano-object transfer and positioning.
Two major developments are expected in this project: to address integration and
large-scale-facilities of laboratory to allow structural, chemical, magnetic or electronic
analysis:
g in identical nanoscale sample areas;
g by several complementary fine analysis and large scale facility techniques;
g in various applications and industry relevant environments.
The purpose is to enable users from a broad range of scientific fields to conduct novel
nanoscience based on one to one structure-property-relationship of single nano-objects or nano-assemblies. It involves establishing a standardized protocol and the corresponding platform to provide novel capabilities for the user, who wants to analyze the
same nano-object with different equipment at different research facilities.
Participation in this first development provides CEA-Leti with the necessary hardware
for analyzing a nano-object at the same nano-location within different equipment:
DB-FIB, P-FIB, SEM, CL, AFM,…). It is also a good opportunity for strengthening links
with different research institutes throughout Europe. The second contribution part is by
performing infrastructure nano-characterization in conjunction with 11 partners (CNR,
CNRS, PSI, PRUB-ICMAB, ICN2, JULICH, TUG, DESY, FORTH, LU). This infrastructure
ensures integrated access to advanced characterization of nanosystems as grown and/
or nano-fabricated at other NFFA-EUROPE facilities and allows collection of experimental data for simulation or interpretation with respect to the theoretical installation.
Each installation includes a unique combination of laboratory based methods including
atomic resolution imaging, electron transport measurement, optical magnetometry or
XPS, synchrotron X-ray or neutron beamlines for scattering and spectroscopy, table-top
or perspective ultrashort pulses and FEL beamlines.
Within the framework of this transnational access, CEA-Leti provides access to TEM,
SEM, DB-FIB, P-FIB, Nano-AES, CL, PL, AFM, APT, XCT, XRD/XRF, Raman, ToF-SIMS,
XPS, PEEM.
This allows CEA-Leti to enhance the visibility of the PFNC, establish new relations with
other nanocharacterization centers (in particular with other large scale facility) and
consolidate existing relations.

© D. Morel
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Keywords
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NFFA
EUROPE
Nanoscience Foundries
and Fine Analysis - Europe
The overall objective of NFFA-EUROPE is to implement the first integrated, distributed research infrastructure as a platform supporting
comprehensive user projects for multidisciplinary research at the
nanoscale extending from synthesis and nanolithography to nanocharacterization, theoretical modelling and numerical simulation, through
a coordinated open-access to complementary facilities. The integration and the extension of scope of existing specialized infrastructures
within an excellence network of knowledge and know-how enable
a large number of researchers from diverse disciplines to carry out
advanced proposals impacting science and innovation. The full suite
of key infrastructures for nanoscience become, through the NFFA-EUROPE project, accessible to a broader community extended to research actors operating at different levels of the value chain, including
SMEs and applied research, that are currently missing the benefits of
these enabling technologies.

48 months
Sep.2015 > Sep. 2019

NFFA - EUROPE
at a glance
Project Coordinator
CNR-IOM (IT)
Partners
AU: TUG
CH: EPFL, PSI
DE: DESY, Julich, KIT, TUM
ES: ICN2, PRUAB, UPV/EHU
FR: CNRS, ESRF, CEA-Leti
GR: FORTH
IT: Promoscience, UMIL
SE: LU
SI: UNG
UK: STFC

Total budget
e 10 m.
EC Contribution
e 10 m.
Contract Number
H2020 Grant Agreement
N°654360
Narciso Gambacorti,
narciso.gambacorti@cea.fr
TRL
Atom Probe Analysis
(APT) of a material.
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http://www.sea4ket.eu/

Leti in SEA4KET
CEA-Leti’s major contribution to this program is evaluating innovative adaptation of
semiconductor standard equipment to Key Enabling technologies and its improvement.
3D integration, in particular, is considered a key technology for increasing the functionality of devices based on nanotechnologies, photonics and nano-electronics.
In this context, CEA-Leti is taking part in the following 3 metrology and process toolrelated to the project involving innovation, adaptation and improvement dedicated to
3D technology:
g «CovBond»: this subproject focuses on evaluation of innovative add-ons to EVG tool
for bonding. Innovative surface treatment chambers for direct covalent bonding have
therefore been evaluated and their performance characteristics have been assessed;
g «3DIPiCS»: this subproject involves adaptation of an AMAT tool for inspecting dies
on holders (and wafers) for defectivity in photonic die bonding for CMOS applications.
This is currently one of the only available tools for performing this inspection, which is
crucial to photonics applications;
g «XMecK»: this subproject led in conjunction with BRUKER XRR-XRD tool innovative
improvement to allow difficult measurements on KET advanced materials for Enabling
Technologies. CEA-Leti is also contributing to the overall project through its cross-disciplinary activities leading to support on other subprojects; these include contamination
issues with new substrates and materials, and metrology and specification development for implementation of the flying wafer concept in the wafer exchanges subproject.
Through assessment and evaluation of different tools, SEA4KET has enabled CEA-Leti
to build stronger relationships with Fraunhofer and other partners within the European
industrial network (process and characterization) in view of future cooperation. Overall
the program has allow CEA-Leti to increase it tool pool with:
g chambers to improve direct covalent bonding in the EVG tool;
g new inspection-on-chip resources;
g new XRD measurement resources for KET applications.

© CEA-Leti
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SEA4KET
Semiconductor Equipment Assessment
For Key Enabling Technologies
SEA4KET (Semiconductor Equipment Assessment for Key Enabling
Technologies) is an IP proposal taking the consequent step from
equipment R&D to equipment assessment experiments. The strategic objective is to effectively combine resources and expertise in a
joint assessment of novel equipment for key enabling technologies
to foster and accelerate the successful transfer of novel European
equipment into the world-wide market.
SEA4KET builds on the proven principle established in previous
European SEA programs and projects: to take novel, innovative and
promising equipment that has left the R&D phase into a joint assessment activity – this bridges the well-known gap between the phase
of having an engineered tool available and finding the “first user” and
finally success in the market for it.
While proven principles from previous SEA activities are kept,
SEA4KET takes them to the new field of assessing equipment for
Key Enabling Technologies: SEA4KET concentrates on process and
metrology systems for important enablers of future technologies:
450 mm wafer equipment, SiC mate-rial and 3D processing. The proposal comprises 14 sub-projects each dedicated to specific equipment.
The assessment activities were to a lesser extent chosen by “high
S&T” excellence, but by their expected chance on the market.
While leading R&D institutes are active in each assessment experiment to support individual final developments, several cross-cut R&D
activities were identified (and combined in a dedicated sub-project)
that are relevant to multiple assessments. Training material will be
provided and workshops will be organized, to support and strengthen
the individual dissemination activities.
SEA4KET will significantly strengthen the European equipment and
material industry for the emerging market for Key Enabling Technologies in a sustainable way by combining advanced R&D with equipment assessment involving users, institutes and equipment suppliers
- with specific benefit for the SME suppliers.

Initially 36 months
Nov. 2013 > Nov. 2016
Extended up to Apr. 2017

SEA4KET at a glance
Project Coordinator
Fraunhofer IISB (DE)
Partners

AT: Evg group e. Thallner gmbh,
Fachhoochschule wiener neustadt für
wirtschaft un technik GMBH, Lam research,
Mechatronic systemtechnik gmbh
BE: Asm belgium, Iteruniversitair
microelectronica centrum vzw
DE: 3d micromac ag, Bruker axs gmbh,
Cascade microtech dresden gmbh, E+H
metrology gmbh, Fraunhofer-Gesellschaft
zur Forderung der angewandten Forschung
e.V., Freiberg instruments gmbh, Global
foundries dresden, Hap handhabungs
automatisierung un parezisionstechnik
gmbh, Hq dielectrics gmbh, Infineon
technologies ag, Zimmermann & schilp
handhabungstechnik gmbh
FR: CEA-Leti, Pfeiffer vacuum sas,
Stmicroelectronics Crolles
HU: Magyar tudomanyos akademia
energiatudomanyi kutatokozpont
IL: Applied materials israel, Intel electronic ltd.
NE: Asm international
NL: Nederlandse organizatie voor toegepast
natuurwetenschappelijk onderzoek

Total budget
e 11 m.
EC Contribution
e 7.2 m.

CEA-Leti Holder for die
on wafer inspection
(amat tool for photonics
applications).

Reciprocal phase maps
on AlN power KETs
application on XRD
Bruker tool.

© CEA-Leti
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Leti in SOLCELL
CEA-Leti’s role in SolCell project is to furnish expertise in characterizing the structural,
optical and electrical properties of III-V alloys. Knowledge gained on single layers and
simple structures is therefore used to characterize and better understand the properties of III-V multi-junction cells with increasing number of junctions. CEA-Leti takes
full advantage of its nanocharacterization platform to provide a comprehensive set of
characterizations, which have enabled:
g obtention of optical constant for various III-V alloys using spectroscopic ellipsometry
over a wide spectral range and as a function of temperature;
g extraction of layer composition, elemental depth profiles, interfacial speciation and
metal contamination tracking by SIMS profiling;
g mapping of structural defects using photoluminescence and cathodoluminescence;
g measurement of band gap and doping efficiency, and study of electronic properties
using ellipsometry and luminescence;
g checking of morphology and layer composition.
By combining characterization techniques, different types of single and dual multijunction solar cells have now been successfully characterized. The materials involved
are binary, tertiary and quaternary alloys: GaAs, GaInP, AlGaAs, AlInP, AlGaInP, InGaAs,
GaAsSb, GaInAsN and InAs. Results obtained will extend knowledge of these materials and encourage better optimization of complex solar cells for developing the next
generation of MJSCs.

© P. Avavian
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SOLCELL
Metrology for III-V Materials Based High
Efficiency Multi-Junction Solar Cells
Multi-junction solar cells (MJSC) based on III-V materials are part of
the third generation of photovoltaic cells. They are designed so that
each p-n junction absorbs a separate portion of the solar energy spectrum, allowing for solar energy conversion with efficiencies as high as
44%. In the last two decades concentrated photovoltaics (CPV) based
on MJSC has rapidly advanced from a proven space technology to
become a feasible clean energy technology.
The Joint Research Project (JRP) objective is to develop the metrological infrastructure and facilities for calibration standards and measurements of qualified material and cell devices.

36 months
Jul. 2014 > Jun. 2017

SOLCELL at a glance
Project Coordinator
LNE (FR)
Partners

CH: METAS
DE: Agilent, Azur Space,
FhG ISE, PTB
ES: Inta-Spasolab
FI: MIKES
GB: Imperial College, NPL
FR: LAAS, CEA-Leti
PL: MG
TR: Tubitak

Total budget
e 3.6 m.
EC Contribution
e 1.6 m.

Publications

Low energy SIMS
profile showing the
interfaces of the
tunnel junction.

• “European Metrology Project for
III-V Materials Based High Efficiency
Multi-Junction Solar Cells”,
A.Cuenat and E. Selezneva, MRS
Proceedings, Volume 1771, 2015.
• “Improvements of the SI-traceble
Calibration of the Short Circuit
Current of Multi Junction Component
Solar Cells”, F. Witt et al., Proceedings
31st European Photovoltaic Solar
Energy, Hamburg, 2015.
• “Modelling of interband transitions
in GaAs tunnel diode”, K. Louarn,
G. Almuneau et al., Semicond. Sci.
Technol., Vol 31, 2016.

© CEA-Leti

Contract Number
Grant Agreement No. 217257

Christophe Licitra,
christophe.licitra@cea.fr
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SEM cross-section
Image and integrated
cathodoluminescence
of a junction.
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http://www.ptb.de/emrp/thinergy.html

Leti in ThinErgy
CEA-Leti is contributing to the ThinErgy project within different perspectives that will
further its existing expertise through:
g development of accurate non-destructive strategies to probe elemental depth-profiles
in Indium-free transparent conductive oxide thin layers (Ga-doped ZnO). These strategies
are based on combining Grazing Incidence X-ray Fluorescence (GIXRF) and X-Ray reflectometry (XRR) which is emerging as a fabrication compatible solution for measuring
thickness, density and elemental profile in complex thin layered stacks. GZO samples
are difficult to investigate using XRR-only analysis since in-depth variability of gallium
content would have a limited impact on the electronic density, whereas the impact on the
atomic density (probed by GiXRF) is significant;
g correlation of optical properties (far ultraviolet to far infrared spectral range), structural and electrical properties of Indium-free transparent conductive oxide thin layers
(Al-doped AnO) grown by atomic layer and physical vapor deposition. This has been investigated using transmission measurements, wide spectral range ellipsometry, Fourier
transform infrared spectroscopy in attenuated total reflection mode, photolulimescence,
X-ray techniques (fluorescence, reflectometry, diffraction) and Hall effect as a function of
temperature. The influence of thermal budget on the properties of ZnO:Al thin materials
is also being studied;
g investigation of substrate-induced strain in thin high-k layers grown on AlGaN and
GaN susbstrates for power electronics. Near Edge X-Ray Absorption Fine Structure spectroscopy (NEXAFS) have been used to probe the Al-K edge. Results suggest that ultrathin
alumina layers (< 2 nm) grown by atomic layer deposition on GaN substrate are subjected
to strain, whereas no substrate-induced strain is revealed in similar layers grown on
AlGaN films.

© Fotolia-Photographee.eu
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ThinErgy
Traceable Characterization of Thin-film
Materials for Energy Applications
This project aims to solve those challenges and develop the necessary metrology framework to ensure an energy efficient Europe and to
extend Europe’s leadership in energy technology and innovation. The
goal of the project is to develop complementary metrology tools for
thin film characterisation, including:
g development of models for the interpretation of advanced materials
measurements and their correlation to product performance;
g traceable determination of the correlation between material composition and electronic structure over a broad spectral range. This
should include the production of reference standards, calibration
samples and reference measurement techniques;
g validation of measurement techniques for elemental depth, selectivity and sensitivity for thin film energy materials such as novel
compound materials with matrix elemental depth gradients, organic/
inorganic hybrids, multi-layered structures and nano-structured surfaces, layers and interfaces;
g development of validated methods for the thermal characterisation
of thin films as a function of temperature and for multi-parameter
characterisation of energy thin film materials under specific stress
conditions;
g development of large-area characterisation methods for process
optimisation in thin-film energy material production, including fast
contact and non-contact methods.

36 months
Jul. 2014 > Jun. 2017

ThinErgy at a glance
Project Coordinator
Npl (GB)
Partners

CZ: Cmi
DE: Bam, Hzb, Ptb
DK: Dfm
FI: Aalto, Mikes
FR: CEA-Leti, Lne, Lne-Lnhb
GB: Npl
NL: Vsl

Total budget
e 3.6 m.
EC Contribution
e 3.6 m.

In situ measurement of
the optical properties
of (2.6% aluminium
doped) 50nm ZnO
thinfilm as a function of
the temperature.

Contract Number
JRP-ENG53

Aluminium environment
analysis of 10nm
α-Al2O3 thin film
deposited on AlGaN
substrate using a 30°
angle beam by NEXAFS
technique.
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Publications
• “Elemental depth profiling in indium
free TCO thin films for optoelectronic
applications”, H. Rotella, B.Caby,
Y. Ménesguen, D.Ingerle, A.Novikova,
B. Detlefs, M.-C. Lépy, C. Licitra,
G.Rodriguez, C. Streli and E.Nolot, EMRS
Fall Meeting, Lille, 2-6 May 2016.
• “A New Software for the Investigation
of Depth-dependent Properties using
X-rays, TXRF’2015”, E. Nolot, B. Detlefs,
G. Picot, H. Rotella, B. Caby, G. Pepponi,
F. Brigidi, M. Müller, P. Hönicke,
B. Beckhoff, MedePy, Westminster (USA),
3-7 August 2015.
• “Characterization of nano-layers for
transparent conductive oxides and
power electronics by XRF and NEXAFS”,
R. Unterumsberger, C. Streeck,
B. Pollakowski, H. Rotella, E. Nolot and
B. Beckhoff, EXRS’2016, Gothenburg
(Sweden), 19-24 June 2016.
• “In-fab metrology of depth-dependent
properties”, E. Nolot, H. Rotella, G. Picot
and W. Pessoa, EXRS’2016, Gothenburg
(Sweden), 19-24 June 2016.

Emmanuel Nolot,
emmanuel.nolot@cea.fr
TRL

© CEA-Leti
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Lithography

CoLiSA.MMP
CONNECT
ION4SET
PLACYD
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Leti in CoLiSA.MMP
g CEA-Leti’s contribution is intended to implement DSA processes for graphoepitaxy
firstly on PS-b-PMMA and secondly on high-chi materials.
g Graphoepitaxy guiding structures have been defined by conventional optical 193nm
lithography or e-beam lithography.
g The process involves integration of the guiding structure into the resist followed
by etching transfer into the CMOS stack. Application of the brush layer and block
copolymer coating and finally the DSA process then follow.
g The initial evaluation stage has been performed using small silicon samples on a
standalone system to ensure rapid screening of material performance.
g Best polymer and solvent candidates have been identified and studied in depth on a
300mm pre-pattern substrate.
g Graphoepitaxy processes have been finally have been finally developed for line multiplication (lamellar morphology block copolymer) and contact hole shrink applications
(cylindrical morphology block copolymer).
g Optimal process parameters (time, solvent type, temperature, thickness…) have
been determined and lithographic performance characteristics (resolution, pitch, CD
uniformity, placement, defectivity, etc.) have been measured for contact hole shrink
and line multiplication.
g Process implementation output parameters have been used for model and software
calibration and validation (resolution, pitch, defectivity, placement,…).
g Finally, partner-developed software has been applied to guiding structure design and
optimization, and to defectivity formation.

© Fotolia-123dartist

EC Programme

FP7 ICT-2013.3.1 Nanoelectronics

Keywords

Block CoPolymer (BCP)
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Lithography

CoLiSA.MMP
Computational Lithography
for Directed Self-Assembly:
Materials, Models and Processes
Directed self-assembly (DSA) of block copolymers is one of the most
promising techniques to enable the continued miniaturization of ICs and
to boost the performance in More Moore. It combines top-down photolithography for creation of guiding patterns with engineered new materials and processes to facilitate cost effective bottom-up techniques
for pattern density multiplication and defect rectification. An industry
scale application of DSA still faces two challenges: i) The host substrate heavily impacts DSA. The resulting pattern formation must be well
understood and modeled in order to optimize its efficiency and avoid
defects. ii) The specific properties of DSA must be considered early in
the design process.
CoLiSA.MMP develop new material and process models and a computational lithography framework for DSA. Existing and new, specially
designed atomistic and coarse-grained models are combined with experimental data to develop and calibrate efficient predictive reduced
models, seamlessly integrated in lithographic process simulation. A
new modeling capability is used to establish new design flows which
include the lithographic generation of guiding patterns and the resulting
patterns after DSA. Inversion of the problem is predicting lithographically manufacturable guiding patterns and process conditions for given
target structures. The extended capabilities of computational lithography are also used to improve materials and processes which are still
under development, to study the root causes of DSA specific defects
and to propose strategies to avoid or reduce them.
CoLiSA.MMP combines European expertise in soft matter physics, block
copolymer chemistry, lithographic process and computational lithography. This helps to bridge the gap between the multifaceted research
activities on DSA and the integration of DSA in future processes and
design flows for More Moore IC manufacturing and for new functionality
in More than Moore.
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36 months
Nov. 2013 > Oct. 2016

CoLiSA.MMP at a glance
Project Coordinator
Fraunhofer Iisb (DE)
Partners

Publications

DE: Fraunhofer Iisb, Ugoe
ES: Imb-Cnm Csic
FR: Arkema, Cnrs Lcpo,
CEA-Leti, Ntua

• “Surface affinity role in graphoepitaxy of lamellar block copolymers”,
G. Claveau et al., J. Micro/Nanolith.
MEMS MOEMS 15(3), 031604, 2016.
• “Process highlights to enhance
directed self-assembly contact
patterning performances”,
A. Gharbi et al., J. Micro/Nanolith.
MEMS MOEMS 15(4), 043503, 2016.
• “Contact hole shrink by directed
self-assembly of block copolymers:
from material to integration”,
R. Tiron et al., EMRS Spring Meeting,
Lille, 2015.
• “Graphoepitaxy DSA Process
Versatility: Template Affinity Role”,
M. Argoud et al., ICPST conference,
Tokyo, 2016.

Total budget
e 4.9 m.
EC Contribution
e 3.5 m.
Contract Number
FP7-ICT-2013-11
Contact hole shrink
application:
experimental data
regarding simulation.

Maxime Argoud,
maxime.argoud@cea.fr
Laurent Pain,
laurent.pain@cea.fr
TRL

Line multiplication
application:
experimental data
regarding simulation.
© CEA-Leti
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https://www.openaire.eu/search/project?projectId=corda__h2020::11836311cef14562026c186d8a9d2ba6

Leti in CONNECT

NEW
EC Programme

H2020 ICT-25-2015

Keywords

Interconnection
Nanotubes

CONNECT
Carbon Nanotube Composite Interconnects
Our modern society has gained enormously from novel miniaturized
microelectronic products with enhanced functionality at ever decreasing cost. However, as size goes down, interconnects become major
bottlenecks irrespective of the application domain. CONNECT proposes innovations in novel interconnect architectures to enable future
CMOS scaling by integration of metal-doped or metal-filled Carbon
Nanotube (CNT) composite. CONNECT investigates ultra-fine CNT lines
and metal-CNT composite material for addressing the most imminent
high power consumption and electromigration issues of current stateof-the-art copper interconnects. Demonstrators will be developed to
show significantly improved electrical resistivity (up to 10µOhmcm for
individual doped CNT lines), thermal and electromigration properties
compared to state-of-the-art approaches with conventional copper
interconnects. Additionally, CONNECT develop novel CNT interconnect
architectures to explore circuit- and architecture-level performance
and energy efficiency.
The technologies developed in this project are key for both performance and manufacturability of scaled microelectronics. It will allow
increased power density and scaling density of CMOS or CMOS extension and will also be applicable to alternative computing schemes
such as neuromorphic computing.

CEA-Leti is contributing to different aspects of the CONNECT project. We offer many
different features spanning a few nanometers in length and depth by applying an advanced ebeam lithography technique followed by specific dry etching know-how. Subsequently, we deposit multiple materials (including SiO2, HfO2, Al2O3, Si3N4, etc.) of
different thickness to identify the best layer for optimized Carbon Nanotube growth
within the minute design features. After preparing the Carbon Nanotube “forest” for
metallization, we conduct electro-chemical deposition-based experiments for evaluating different metal sources and deploy CEA-Leti’s specific know-how in catalyzing
advanced chemical reactions of this type. Materials are then screened for ranking at
electrical test level after final process integration.
CONNECT’s principal benefit is its evaluation of combined specific carbon nanotubes
and adaptive metallization for advanced interconnexion. It contributes to the prospect
of so far unreached current density for future intrachip connexion. Metal line characteristics are investigated in depth to assess this non-conventional approach in relation
to future microelectronics.

© CEA-Leti

36 months
Jan.2016 > Dec. 2018

CONNECT at a glance
Project Coordinator
Fraunhofer (DE)
Partners

CH: IBM
FR: CEA-Leti, CNRS
GB: Aixtron, Gold standard
simulations, University of Glasgow

Total budget
e 4 m.
EC Contribution
e 3.4 m.
Contract Number
688612

Interconnection.
© CEA-Leti

Denis Renaud,
denis.renaud@cea.fr
Yannick Le Tiec,
yannick.letiec@cea.fr
TRL
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http://www.ions4set.eu/

Leti in IONS4SET

NEW

© AZoNano

EC Programme

Horizon 2020 - Research
and Innovation Framework
Programme

Keywords

Block CopPolymer (BCP)
Directed Self Assembly (DSA)
Lithography
Nanowires
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IONS4SET is aimed at developing reliable technology to generate ion-induced self-assembled single Si nanodots in nanopillars (<20nm) and using these structures for
CMOS-based hybrid SET/FET devices operating at room temperature. CEA-Leti is leading a project task that involves producing a nanopillar array on an embedded thin
oxide layer. The work includes the lithography and associated etching process steps.
Fabrication of Si nanopillars with an embedded SiO2 layer of ~6nm thickness is the
prerequisite of a successful development of a hybrid SETCMOS technology for extremely low-power electronics. The pillar diameter must be of the order of 10nm to fulfill
the criteria for self-assembly of a single quantum dot (volumeSiOx<(10nm)3).
CEA-Leti has recently achieved production of the first nanopillars smaller than 50nm
(down to 30nm) by e-beam lithography (EBDW). This is still too thick for single Si quantum dot self-assembly. The work is still in progress in order to obtain pillars of the
required dimensions (CD and height). The first goal is to increase the resolution capacity of the Gaussian or shaped beam exposure tool for the 10nm structure using of
negative resist. The second is to produce as quickly as possible the first pillar structure
for project partner requirements to allow in-depth investigation of Si dot formation into
tiny pillars to start and development of the ensuing process steps required for hybrid
SETFET device fabrication.

IONS4SET
Ion-Irradiation-Induced Si Nanodot
Self-Assembly for Hybrid SET-CMOS
Technology
Billions of tiny computers that can sense and communicate from
anywhere are coming online, creating the “Internet of Things” (IoT). As
the IoT continues to expand, more and more devices need batteries and
plugs. According to Gartner (www.gartner.com), there will be nearly 26
billion devices connected to the IoT by 2020. Therefore, together with
improved batteries, advanced computation and communication must
be delivered at extremely low-power consumption. It is well-known that
Single Electron Transistors (SET) are extremely low-energy dissipation
devices. CMOS and SETs are complementary: SET is the champion of
low-power consumption while CMOS advantages like high-speed, driving etc. compensate exactly for SET’s intrinsic drawbacks. Unrivalled
integration with high performance is expected for hybrid SET-CMOS
architectures. Manufacturability is the roadblock for large-scale use of
hybrid SET-CMOS architectures. To assure room temperature (RT) operation, single dots of diameters below 5 nm have to be fabricated, exactly located between source and drain with tunnel distances of a few nm.
A reliable CMOS compatible process of co-fabrication of RT-SETs and
FETs is not yet available. IONS4SET is paving the way for fabrication of
low-energy devices operating at RT using the discovery of a bottom-up
self-assembly process. Lithography cannot deliver the feature sizes
of 1…3 nm required for RT operation. IONS4SET will provide both, (i)
controlled self-assembly of single ~ 2 nm Si dots and (ii) self-alignment
of each nanodot with source and drain at tunneling distances of ~ 2
nm. The fabrication process of the Si nanodot involves (i) ion irradiation
through a few tens of nm thin Si pillars with an embedded SiO2 layer
and (ii) thermal activation of self-assembly. Dot self-assembly works
for narrow pillars only, i.e. nanopillar fabrication is crucial for IONS4SET.
Finally, a power saving hybrid SET/CMOS device with a vertical gate-allaround nanowire GAASET will be fabricated.

48 months
Fev.2016 > Jan.2020

IONS4SET at a glance

Another approach to nanopillar fabrication is Directed Self-Assembly (DSA) of block
copolymer and this is also investigated within the scope of the IONS4SET project. This
is also investigated in the frame of IONS4SET project. DSA emerges as a promising
patterning technique that could be used to demonstrate dense pillars and extend the
resolution limit of conventional lithography (down to 10nm). It is a smart and simple
way to structure 10nm pillars on a large array structure for SET operation. Furthermore, DSA is considered as a potential manufacturing patterning technique rather than
E-beam approach due to its throughput and cost-effectiveness. During the first months
of the project, the work has focused on investigating materials and associated process
options to pattern the surface. Different DSA approaches have been identified and
initial production of 30nm pillars has been demonstrated. The illustration shows two
fabrication strategies for pillar structure fabrication using cylindrical PS-b-PMMA block
copolymer. The first is based on sequential infiltration synthesis (SIS) and the second
on inversion of block copolymer composition.

Project Coordinator
HZDR (DE) : Helmholtz-Zentrum
Dresden-Rossendorf
Partners
DE: Fraunhofer Institute for
Integrated Systems and Device
(FhG)
ES: Institute of Microelectronics
of Barcelona (CSIC)
FI: University of Helsinki (HY)
FR: CEA-Leti
IT: Institute for Micro-electronics
and Microsystems (CNR)

Total budget
e 4 m.
EC Contribution
e 4 m.
Contract Number
688072

Realization of
Si/SiO2 pillars by EBDW
lithography. Structural
characterizations of
pillars have been
carried out using
top-down/crosssectional electron
microscopy and atomic
force microscopy for
CD, height and profile
determination.

Publications
• “Ozone-based sequential infiltration
synthesis of Al2O3 nanostructures in
symmetric block copolymer”,
J. Frascaroli, E. Cianci, S. Spiga,
G. Seguini, and M. Perego, submitted
for publication in Chemistry of
Materials (2016)
• “Simulation of silicon-dot-based
single-electron memory devices”,
F.J. Klüpfel, A. Burenkov, and J. Lorenz,
Proc. 21st Intern. Conf. on Simulation
of Semiconductor Processes and
Devices (SISPAD 2016), Piscataway:
IEEE, 2016, pp. 237 – 240.
• “Sequential infiltration synthesis
of oxide nanostructures in block
copolymer based templates using
ozone as oxygen precursor”,
M. Perego et al.,2nd Int. 2nd DSA
Symposium, 11-13.10.2016,
Grenoble, France (Talk).
• “Defectivity monitoring for DSA
contact hole application”, F. Delachat,
A. Gharbi, P. Pimenta Barros,
M. Argoud, G. Chamiot-Maitral,
S. Bouanani, S. Bos, C. Lapeyre,
C. Monget, X. Chevalier, C. Nicolet,
C. Navarro, I. Cayrefourcq, L. Pain and
R. Tiron, 2nd Int. 2nd DSA Symposium,
11-13.10.2016, Grenoble, France
(Talk).
• “Exploring an improvement SET-FET
hybrid behavior by using different
FET types”, E. Amat, J. Bausells,
F. Perez-Murano, 42nd Conf. Micro and
Nano Engineering 2016, 20.09.2016,
Vienna, Austria (Talk).
• “Self-assembly of single Si
quantum dots in SiO2”, K.H. Heinig,
K.H. Stegemann, J. von Borany,
S. Facsko, G. Hlavacek, R. Hübner,
L. Bischoff, W. Möller, T. Prüfer, and
X. Xu, EMRS-Fall 2016, Symposium E,
22.09.2016, Warszawa, Poland (Talk).

Ahmed Gharbi,
ahmed.gharbi@cea.fr
© CEA-Leti

Yannick Le Tiec,
yannick.letiec@cea.fr
TRL
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Leti in PLACYD
g Implementation of Directed Self-Assembly (DSA) materials and processes in a
300mm CMOS wafer scale, clean room environment.
g Setting up Statistical process Control (SPC) for lithographic process parameters.
g Statistical quantification and monitoring of the impact of material physical characteristics on patterning performances.
g Possession of an industrial, reproducible source of material (including both production and characterization means and metrology) for Polystyrene (PS)-b-Polymethylmethacrylate (PMMA) systems as well as high chi materials likely to be used for the
following node).
g Selection of materials and lithographic processes for implementation of BCP DSA in
CMOS technology.
g Development of new DSA-dedicated industrial in-line metrology (dimensional and
placement) and inspection (defectivity) tools compatible with sub-10nm critical dimensions.
g Understanding, quantification and modeling of material intrinsic properties and material impact on application performance through statistical data.
g Provision of an efficient design tool enabling transparent integration of technology
with limited impact on design rules.

© CEA-Leti/ G. Cottet

EC Programme

ENIAC joint
undertaking-ED-126-13

Keywords

Block CoPolymers (BCP)
Directed Self Assembly (DSA)
Lithography

PLACYD
Pilot Line For Self Assembly
Copolymers Delivery
PLACYD aims at developing and industrializing a series of nanostructured materials, devoted to sub 20 nm lithography, together with
the required ecosystem (including metrology, design tools, integration processes) that will secure its adoption into manufacturing. It
is focused on developing a program that links the production of the
polymer materials used for directed self assembly and lithographic
pattern development with wafer level fabrication to originate a robust
process that can be used in commercial manufacturing. For the first
time it integrates polymer material developement into critical development such as pattern defectivity, metrology, circuit design and performance so that a fully developed large scale manufacturing process
consistent with ITRS targets is evolved.

36 months
Jan. 2014 > Dec. 2016

PLACYD at a glance
Project Coordinator
Arkema (FR)
Partners

ES: CNM-CSIC
FR: CNRS/LCPO, CNRS/LTM,
CEA-Leti, Mentor Graphics,
STMicroelectronics
IE: Intel, Tyndal National Institut
Il: AMIL
NL: ASML

Total budget
e 14.8 m.
EC Contribution
e 2.2 m.
Contract Number
ENIAC-ED-126-13

Different DSA process
flavour developed
during the PLACYD
project.

© CEA-Leti

Publications
• “A route for industry compatible
directed self-assembly of high-chi
PS-PDMS block copolymers”, Böhme,
S., et al., Proc. of SPIE, 2016.
• “Placement error in directed
self-assembly of block copolymers
for contact hole application”,
Bouanani, S., et al., Journal of Micro/
Nanolithography, MEMS, and MOEMS,
2016. 15(2): p. 021407-021407.
• “Surface affinity role in
graphoepitaxy of lamellar block
copolymers”, Claveau, G., et al., Proc.
of SPIE, 2016.
• “Removal of poly(methyl
methacrylate) in diblock copolymers
films studied by grazing incidence
small-angle X-ray scattering”,
Freychet, G., et al., Journal of Polymer
Science Part B: Polymer Physics,
2016. 54(12): p. 1137-1144.
• “Process highlights to enhance
directed self-assembly contact
patterning performances”, Gharbi,
A., et al., Journal of Micro/
Nanolithography, MEMS, and MOEMS,
2016. 15(4): p. 043503-043503.
• “Investigation of coat-develop
track system for placement error of
contact hole shrink process”,
Harumoto, M., et al., Proc. of SPIE,
2016.
• “Free surface BCP self-assembly
process characterization with
CDSEM”, Levi, S., et al. Proc. of SPIE,
2016.
• “PMMA removal selectivity
to polystyrene using dry etch
approach”, Sarrazin, A., et al., Journal
of Vacuum Science & Technology B,
2016. 34(6): p. 061802.

Raluca Tiron,
raluca.tiron@cea.fr
Yannick Le Tiec,
yannick.letiec@cea.fr
TRL
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