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DIRECTOR’S FOREWORD

MICHEL WOLNY,
DIRECTOR, IRT NANOELEC
IRT Nanoelec, a Technological Research Institute (IRT) established
in 2012 under the French government’s economic stimulus package,
created a novel multi-partner, open model to develop and transfer
innovative information and communication technologies directly to
businesses operating in all industries.
The Institute pursues three objectives:
• Conduct international-caliber R&D in 3D integration and silicon
photonics, using Grenoble’s large scientific instruments to characterize
nanoelectronic materials and systems.
• Transfer new technologies to businesses for commercialization; most
of these technologies concern communications between connected
objects. We help support the emergence of new products and uses for
these technologies through a user-centered innovation process. We offer
a specific program to help smaller businesses access these technologies
and integrate them into their existing products or use them to develop new
products.
• Create new educational and training programs tailored to the future
human resources needs of economic stakeholders with an interest in
nanoelectronics.
The year 2015 was a busy one at IRT Nanoelec—and it was also pivotal in
terms of our strategy. First, we entered a new phase in our development,
updating our roadmap for 2015–2017. And our partners ramped up their
involvement in the Institute, evidence of their support for this new roadmap.
We also welcomed several new industrial partners: US-based SAMTEC,
which joined in April 2015, followed by equipment manufacturers EVG of
Austria and France-based SET in late 2015.
It was also a major year for our labs in terms of results. Our 3D Integration
and Silicon Photonics programs produced demonstrator systems at the
international state of the art, attesting to the quality of both our chip
design and fabrication processes. Our Characterization platform, which
benefits from the large scientific instruments at the European Synchrotron
Radiation Facility (ESRF) and Institute Laue-Langevin (ILL), is now fully
operational.
Our tech transfer activities are also growing, and, especially, those
targeting smaller businesses. We started to see the benefits of these
activities in 2015, with positive impacts on the growth of businesses
that had completed projects with us in 2013 - 2014. A company was also
founded to develop and commercialize an autonomous building concept
created under our PULSE program.
And we made progress on our education and training program, laying
the foundations of new training modules addressing safety-an area of
increasing interest for our PULSE program and one that will drive the
program’s growth.
These are just some of the events that marked the year 2015 at IRT
Nanoelec. Read on to learn more about our scientific and technical
achievements over the year.
* IRT Nanoelec (“Institut de recherche technologique Nanoelec“)
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A WORD FROM
OUR PARTNERS

SYLVAIN PAINEAU

OPEN INNOVATION EUROPE
DIRECTOR TECHNOLOGY
& INNOVATION TECHNOLOGY
Schneider Electric

DOMINIQUE THOMAS

DIRECTOR, R&D PARTNERSHIPS
AND ADVANCED R&D PROGRAMS

STMicroelectronics, EPS,
Front - End Manufacturing & Process R&D

“The IRT Nanoelec is part of a new kind of research
centers based on multi-partner cooperative R&D. At
ST we have been associated with the build-up of this
scheme and heavily involved in several programs
of IRT Nanoelec. We have chosen to participate
in areas where technology solutions were both
incomplete and needing many contributions from
many parts. 3D integration and Silicon Photonics are
perfect examples of such domains. We had already
some background, and even common background
with CEA in those domains so the transition required
some effort, but it has proven worthwhile. The 3D
integration technology itself is rather complex and
requires a lot of experimental work and cooperation
with equipment makers, it can only bear fruits if it
is integrated as an end to end design solution, and
similarly for Silicon Photonics. IRT has allowed us to
work with the others partners (equipment makers,
EDA vendor, and system integrator) in order to test
the capabilities and usefulness of the technologies.
The IRT frame also permitted to test pure system
concepts in the PULSE program, putting to work
ST solutions along the way, and anticipating
market trends. That’s another benefit of the IRT for
STMicroelectronics”.
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“As founder member of the «PULSE» platform
(“Usage des technologies de Liaison et Soutien aux
Entreprises”) of IRT Nanoelec, we could summarize
our vision of this tool as the «chainon manquant’ in
our Open Innovation process.
We consider that 1+1=3 because we win
competencies, time to market and fruitful
cooperation.
For us, IRT Nanoelec and Pulse platform is our
Open Innovation platform in the digital & IoT domain
allowing us to share and confront our skills and
knowledges with research center, universities,
companies in a confident environment, with a
dedicated and competent team which know our
products, allowing us to co-innovate with our
customers in this platform, to integrate potential
technologies coming from startups and SMEs and
contribute to the growth of such excellence center.
The last examples and success stories demonstrated
that the implication of one of our Business Unit
which develops with IRT and a French SME, new and
disruptive devices for Electrical Vehicle and micro
grid domain, a phase of valorization with Schneider
Electric potential customers is starting.
The other example is a common strategy with a
startup where the Marketing and Commercial
activity of Schneider France are committed with IRT
Nanoelec , In this case , The IRT allows Schneider
to address an emergent market with technology
integrated and tested in the Pulse platform ,
this platform is also used as a showroom of the
possibilities for potential customers. A next step of
a common lab is under investigation to go further.
The IRT Nanoelec and Pulse platform is now
completely integrated in our world wide Open
Innovation strategy where Grenoble is one of our
main R&D and Innovation spot (with Boston, Silicon
Valley, Shanghai & Bangalore)”.

20 PARTNERS
IN THE CONSORTIUM

2015 IN FIGURES

IRT Nanoelec entered a new phase in its development strategy in 2015;
the Institute is now fully operational, on schedule with regard to the
original roadmap. IRT Nanoelec at end-2015:

Three new companies joined IRT Nanoelec in 2015:
EVG, a mid-sized Austrian company specializing in chip and wafer
bonding equipment; US-based Samtec, which focuses on optical
packaging and manufactures optical transceivers;
and France-based SET, a small business that manufactures
chip bonding equipment

114 AFFILIATE PARTNERS
engaged in or having completed joint projects
with IRT Nanoelec (these partners include

91 SMBS AND 11 PARTNERS
in countries other than France)

In 2015 33 new affiliate partners, including 28 small- to mid-sized
businesses, kicked off joint projects with IRT Nanoelec

€50 MILLION

annual operating budget

170 FTE

(full-time equivalents) engaged in
IRT Nanoelec projects each year

2 COMPANIES

created to develop and commercialize IRT Nanoelec R&D
In 2015 IRT Nanoelec consortium member “Groupe Brunet”
created a new subsidiary, ZEST, to commercialize an autonomous
building concept developed under an IRT Nanoelec program

58 PATENTS FILED AND 8 SOFTWARE
applications registered

In 2015 IRT Nanoelec filed 18 patents and registered 8 software
applications

75 SCIENTIFIC

and technical articles and papers published
In 2015 IRT Nanoelec researchers published 75 scientific
and technical articles and papers, more than 75% of which were
in international journals/at international conferences
Participation in

9 EU PROJECTS
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IRT NANOELEC
PLATFORMS
SI PROCESSING PLATFORM (200 ET 300MM)
IRT Nanoelec invests in new-generation equipment for 200 mm &
300 mm Si wafers processing. The equipment are used for IRT Nanoelec’s
3D integration and silicon photonics programs, and rounds out our R&D
partners’ (such as CEA-Leti and STMicroelectronics) 200 mm and 300 mm
standard integration equipment. The new equipment is similar to industrialgrade equipment, which enables the rapid transfer of new technologies
and short-loop proof-of-concept testing. Short-loop testing capabilities
make it possible to transfer wafers to and from IRT’s technology platform
to R&D and / or manufacturing partners’ facilities so that each step in the
fabrication process can be completed on the most suitable equipment.
New equipment purchased from 2012 to 2015:
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To carry out its characterization on Large Scale Instrument Program, IRT
Nanoelec benefits from two large facilities available in ESRF and ILL both
partners of IRT Nanoelec.

IRT NANOELEC PLATFORMS

CHARACTERIZATION ON LARGE SCALE INSTRUMENT PLATFORM

The ESRF is an international research institute for cutting-edge science
with photons. As the world’s most productive light source, the ESRF
operates 40 state-of-the-art X-ray beamlines for almost 7,000 users from
academia and industry per year.
The Institute Laue-Langevin is an international research center at the
leading edge of neutron science and technology. As the world’s leader
center for neutron science, the ILL provides scientists with a very high
flux of neutrons feeding some 40 state-of-the-art instruments, which are
constantly being developed and upgraded.
The Grenoble large-scale instruments potentially offer unrivalled
performance to achieve advanced micro-Nanoelectronics characterization.
IRT Nanoelec also benefits of Nano characterization Platform. It concerns
analysis by X-ray and ion beams, surface analysis, electron microscopy and
near-field optical characterization and analysis of mechanical properties
and sample preparation, a key step for nanoscale experiments.

BM05 diffractometer

D50 neutron-based measurement capabilities

The equipment purchased by IRT Nanoelec is selected to meet the specific
needs of its R&D programs, as well as the needs of industrial R&D
partners.
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IRT NANOELEC
PLATFORMS
CONNECTED OBJECTS PLATFORM
IRT Nanoelec developed an attractive lineup of services for product and
service designers and developers.
• A lab for interconnected technologies development and testing.
• A lab where experiments can be carried out in conditions replicating
actual use environments in fields like home healthcare, home
automation, and connected transportation. The lab is flexible, modular,
and upgradeable to adapt to a wide range of innovation-development
needs.

Lab for home healthcare
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Connected transportation

Companies working with IRT Nanoelec can benefit from the training
programs offered by partners like Grenoble Ecole de Management and
Grenoble Institute of Technology; new IRT Nanoelec training programs will
leverage these schools’ resources and the following platforms:
• The CIME Nanotech platform for integrated circuit fabrication processes
access to the platform’s technological resources for engineer and
technician training programs)
• The PREDIS platform for monitoring and smart home applications
• The Esynov platform for communicating embedded systems and RF
systems.

Esynov Platform

IRT NANOELEC PLATFORMS

TRAINING PLATFORM

PREDIS Platform
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SÉVERINE CHERAMY

3D INTEGRATION
PROGRAM DIRECTOR

“The objective of 3D Integration program is to develop a platform
gathering major aspects of the manufacturing chain, as most
generic as possible but meantime developed to be compatible
with some specific applications. It requires experience in
technology, circuit architecture, EDA tools, packaging and test.
Another objective is to facilitate the access to 3D Integration
technology. For that reason, the platform is widely open to new
partners and to external partners.
The innovation is the key to position IRT 3D Integration platform
at the top of the international state-of-the-art. Innovative
technologies and architectures are developed, in accordance
with the industrial specifications. These technological modules
are validated on pioneer demonstrators, this realization being
an important objective of the partners to validate and highlight
all the generic developments done in the program.
Since 2012, IRT3D gathers under the same roof a large panel of
expertise. CEA-Leti, ST Microelectronics and Mentor Graphics
are the historic partners involved in this program. Additionally,
the 3D integration program is pleased to welcome, end of 2015,
and two new core partners to answer challenges in fine pitch 3D
integration: EVG, a major equipment supplier in wafer bonding,
and SET, a French SME leader in fine pitch die stacking tool”.
Furthermore more than 10 associated actions (with industrial
partners or through European projects) have been launched
since the beginning of IRT Nanoelec. As an example, among
them, the collaboration with C2MI in Canada brought some
innovative technologies for packaging dedicated to 3D chips.

3D INTEGRATION PROGRAM
2015 HIGHLIGHTS
The goal of the IRT 3D Integration program is to develop a toolbox as
most generic as possible that can address a majority of applications. For
that reason, the focus is put on the most challenging 3D technologies
that are for energy efficient computing and the 3D vertical scaling. All
those applications require high interconnect density, large chip size with
mechanical and thermal aware solutions. Applications considered are
High Performance Computing and data center from one hand, and on the
other hand imaging solutions (from standard camera to high end), low
power 3D devices (all consumers applications but also high performance
system).
In 2015 concerning high density 3D stacking, one major achievement was
the realization and test of 3DNoC (3D network On Chip), a 2 logic 65nm node
dies stack using 3D Network for an efficient and low power communication
between dies. Design, Foundry and 3D steps have been done by the two IRT
Nanoelec members, CEA-Leti and ST Microelectronics.
This integration allows to reduce power consumption to 0.66pJ/Bits, while
reducing form factor. Bandwidth between both dies achieved the worldwide
record of 7.4 Goct / Sec.
Both features allow a presentation at ISSCC 2016, which is considered
as the largest design and application conference with a very high level of
selection. This presentation is the recognition of the quality of works as
well as the relevance of the choices made by IRT Nanoelec.
Additionally, some thermal sensors have been embedded in the stacks,
allowing quantifying the heat spreading in function of the embedded
processors activity. The measures have been correlated with high accuracy
with simulations provided by Mentor Graphics.
Other main achievement in 2015 was the design of the full interposer
platform, “IntAct”.
This interposer platform will embedd both an active interposer 65nm node
and many tests strutures for deep characterization of the 3D devices,
chip-to-cip interconnexion, TSV, RdL…(RF test structures, stress sensor,
thermal sensor, reliability structures ..)
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Onto the active interposer, 6 FDSOI 28nm dies, also designed in the frame
of the program, will be stacked.
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3D INTEGRATION PROGRAM

A 20µm copper-pillar pitch process has been developped for that purpose,
with pre-applied underfill solutions, with the key objective and constraint
to keep as nearer as possible the standard integration process flow. Today,
the industry State-Of-The-Art is 40µm pitch.

To anticipate further needs on even finer pitch, an alternative chip-towafer integration, potentially compatible with more aggressive pitch and
without any underfill, using Hybrid bonding, is also developped in paralell.
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KEY PUBLICATIONS IN 2015
F. Clermidy “High density 3D IC for Digital Systems” - European 3D TSV
Summit - Grenoble 20 – 21 January 2015
In this letter, we report about coarse grain to fine grain integration, from
DRAM to active interposer and compare medium density and High density.
J. Michailos, P. Coudrain, A. Farcy, N. Hotellier, S. Cheramy, S. Lhostis, E.
Deloffre, Y. Sanchez, A. Jouve, F. Guyader, E. Saugier, V. Fiori, P. Vivet, M.
Vinet, C. Fenouillet-Beranger, F. Casset, P. Batude, F. Bœuf, Y. Henrion,
B. Vianne, L-M Collin, J.P Colonna, L. Benaissa, L. Brunet, R. Prieto, R.
Velard and F. Ponthenier “New Challenges and opportunities for 3D
integrations“ - IEEE IEDM 15 - 200 December 7-9, 2015 Washington
From low density 3D integrations embedding Via Last through Silicon Vias
(TSV) to high densities hybrid bonding or 3D VSLI CoolCube™ solutions,
a multitude of new product opportunities is now envisioned. An overview
of existing emerging 3D integrations is provided covering Image sensors,
Photonics, MEMS, Wide I/O memories and Silicon Interposers for advanced
logics. Associated key challenges and developments are highlighted
focusing on 3D platform performance assessment.
In this paper, we demonstrate that 3D integration is now a reality and
offers performant, innovative solutions and alternatives to the standard
“Moore law”, difficult to sustain beyond the next 10 years, due to massive
lithography investments. 3D integration choice is driven by performances
enhancement, bandwidth, complexity, interconnects density and also by
the system compactness, final cost and value chain. Solutions to manage
thermal, thermo-mechanical and density challenges are available.
With Direct Hybrid bonding overlay accuracy improvements, innovative
integrations can be envisaged, offering new alternatives to existing die
stacking solutions, simplifying the value chain, allowing partitioning, high
density interconnections and high performance devices.

3D examples, future landscape
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3D INTEGRATION PROGRAM

B. Vianne, A. Farcy, V. Fiori, C. Chappaz, N. Chevrier, G. Lobascio, P.
Chausse, F. Ponthenier, A. Ruckly, S. Escoubas, O. Thomas “Stress
Management strategy to limit die curvature during silicon interposer
integration” IEEE- 3DIC 2015 August 31 – September 2, 2015 Sendai (JP)
Die-level warpage is a challenging issue affecting silicon interposer
assembly yield. Stress management strategies are required to compensate
residual and thermo-mechanical stress occurring during silicon interposer
integration and die stacking processes. In this work, die-level curvature is
measured using shadow moiré interferometry during a thermal cycle at
several process steps. Finite element modeling aims at understanding the
curvature behavior observed experimentally and then at proposing warpage
compensation strategy. A methodology has been set up to investigate the
die-level curvature during thermal cycles which is of a particular interest
in silicon interposer warpage issues during assembly steps. Important
conclusions can be drawn in this regard: Interposer thickness has a great
lever effect to help in reducing the die-level warpage and BS dielectrics
stack deposited after temporary bonding and Si thinning induce an average
compressive stress, with a major contribution of the SiN/SiO2 stack.
A. Jouve, Y. Sinquin, A. Garnier, M. Daval, P. Chausse, M. Argoud, N.
Allouti, L. Baud, J. Dechamp, R. Franiatte, S. Cheramy, H. Kato, K. Kondo
“Silicon-based dry-films evaluation for 2.5D and 3D Wafer-level System
Integration improvement” IEEE- 3DIC 2015 August 31 – September 2,
2015 Sendai (JP)
This paper is dedicated to the full integration of innovative silicon-based
material for Wafer-Level molding of silicon interposer wafers. This
technology can be used in the frame of silicon packages where the silicon
interposer is either reported on P-BGA or directly assembled on board.
Interest of such material, is the rapid Wafer-Level lamination process and
die planarization which can facilitate interposer realization. In a first part
of the article, we have evaluated the compatibility of this material with the
whole interposer flow by having a focus on filling capacities as well as
induced deformation on 300mm wafers. We have been able to demonstrate
that such product could fill trenches presenting an aspect ratio as high as
15 (width 50μm/depth 775), that the deformation induced by the waferlevel molding on 300mm can be very low as only a 200μm compressive
bow has been measured on a 100μm thick interposer wafer. Secondly, we
have generated electrical test vehicles in order to verify the impact of such
material on environmental and mechanical reliability. No degradation
has been observed during thermal cycles when molding thickness was
200μm, only 7% of the packages integrating 400μm M1 on their backside
have failed. Finally, the greatest advantage of adding such compliant
polymer has been observed through drop tests. Indeed, we observed that
interposers with silicon based wafer level molding are more resistant than
dies without molding. This property confirmed that dry film silicon molding
is highly valuable for 3D market and all consumer applications.

X-section of package using silicon dry-film molding
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P. Vivet, C. Bernard, F. Clermidy, D. Dutoit, E. Guthmuller, I-M. Panades,
G. Pillonnet, Y. Thonnart, A. Garnier, D. Lattard, A. Jouve, F. Bana,
Th. Mourier, S. Cheramy “3D Advanced Integration Technology for
Heterogeneous Systems”, IEEE - 3DIC 2015 Conference, August 31 –
September 2, 2015 Sendai (JP)
3D integration technology is nowadays mature enough, offering today
further system integration using heterogeneous technologies, with
already many different industrial successes (Imagers, 2.5D Interposers,
3D Memory Cube, etc.). Through its 3D program, IRT Nanoelec has been
developing for a decade 3D integration and has pursued research in both
directions: developing advanced 3D technology bricks (TSVs, µ-bumps,
Hybrid bonding, etc). In this paper, we report examples on different
applications and finally demonstrate that design and technology bricks
involved are very different and every choice need to be studied from the
beginning to finally obtain the right 3D architecture. This emphasizes the
need for a close common work between design & technology to obtain the
best from 3D integration.
G. Pillonnet, N. Jeanniot, and P. Vivet “3D ICs: An Opportunity for
fully-integrated, dense and efficient power supplies” IEEE - 3DIC 2015
Conference, August 31 – September 2, 2015 Sendai (JP)
This paper evaluates the achievable power efficiency between on-die
and in-package converters using a combination of active (28 and 65nm
CMOS nodes) and passive (poly, MIM, vertical capacitor) layers. Based
on the same load power consumption, on-die and in-package switched
capacitor converters achieve 65% and 78% efficiency, respectively, in a
1mm2 silicon area. An additional high density capacitance layer (100nF/
mm2) improves efficiency by more than 20 points in 65nm for the same
surface which emphasizes the need for dedicated technology for better
power management integration. This paper shows that in-package power
management is a key alternative for fully-integrated, dense and efficient
power supplies.
The authors believe that the future of granular power management is
3D with dedicated layers for power rather than on-die converters. 3D
design also allows multiple layers to integrate N converters in parallel
to again improve the power density. However, the best topology between
inductive, capacitive or resonant-based converters is not clear cut as it
strongly depends on the passive performance offered by the emerging 3D
technologies.
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P. Vivet, J. Durupt, S. Thuries, J. Schloeffel “IEEE1687 based 3D-DFT
Architecture for testing Multi-Chips Active Interposer System” - IEEE 6th
3D TEST Workshop 2015, October 8-9, 2015 - Anaheim, CA- USA
This paper proposes new 3D-DFT architecture, based on IEEE 1687 IJTAG
standard, using chiplet TAP footprints, for testing a multi-chip active
interposer system. The proposed 3D-DFT architecture integrates two
test access mechanisms configurable serially connected network of TAPs
allowing testing: Boundary Scan cells connection (2D IOs, 3D passive links,
3D active links) and memory BIST engines and a full scan network using
compression logic, to reduce test pin count and test cost, shared between
the chiplets and the interposer. The proposed 3D-DFT architecture has
been fully implemented on a real active interposer architecture, using
Mentor Graphics’ Tessent DFT tool suite. Tessent was used for Designfor-Test logic insertion and for Automatic Test Pattern Generation, with a
test flow offering test pattern retargeting of the chiplet 2D test patterns to
the full 3D system.
N. Devanciard, S. Rey, Th. Magis, S. Minoret, C. Beitia, D. Alliata, D. Marx,
P. Bachiraju, D. Hart, J. Thornell, R. Dudley “Through silicon via process
characterization by integrated inspection/metrology solutions in
visible and infrared domain” IEEE ASMC 2015, May 3-6, 2015 - Saratoga
Springs, New York
This paper presents an integrated in-line solution, combining automatic
visual inspection/classification with unique 2D/3D measurement
technologies, which was used to characterize the defectivity and the
morphology of open through silicon via (TSV) structures. The measurements
were performed on 300mm Si wafers hosting several populations of via
with diameter varied from 5 to 20 microns, and target aspect ratio from 1:8
to 1:20. Interferometry techniques coupled with high resolution cameras
working in white light and infrared domains were used to demonstrate TSV
process control in R&D and high volume manufacturing environments.
We successfully demonstrated the feasibility of an integrated multi
characterization approach, where complementary techniques are used inline to verify and, in turn, optimize TSV open via process in HVM. Several
populations of open via differing in size were characterized for macro
defects and aggressive aspect ratio up to 23 by combining automatic visual
inspection and interferometry techniques in visible and near IR spectral
range. Results collected were validated by off-line SEM characterization.
For the first time, an IR camera was used in an NSX® system to align
the wafer upside down and look for measurement sites through the bulk
Si material. Consequently, we succeeded to improve the reproducibility of
the TSV depth measurement thanks to the more accurate site positioning.
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J. Pontes, P. Vivet, Y. Thonnart “Two-phase protocol converters for
3D asynchronous 1-of-N data links” ASP-DAC 2015 January, 20 2015 –
Tokyo (JP)
In this paper, we propose the use of two-phase Delay Insensitive
Transition Signaling for 1-of-n codes as well as new four
two-phase
data converters. The proposed circuitry is able to reduce 20% the dynamic
power and improve two times the four-phase throughput for long link
communications. Due to the high performance and low power, the
proposed converters are well adapted for inter die communication in 3D
designs and long link NoCs. This work also presented the impact of data
link pipelining and brought valid performance data for helping the decision
about protocol and pipeline selection.
S. Moreau, Y. Beilliard, P. Coudrain, D. Bouchu, L. Di Cioccio, L. Arnaud
“Electromigration in hybrid bonding interconnects for 3D-IC impact
of the diffusion barrier” IEEE-EPTC 2015 December 2-4, 2015 Marina
Mandarin Singapore
Even if some three dimensional integrated circuits (3-D IC) are
commercialized and even better integrated in applications like memories,
graphic cards or smartphones, a 3-D world is not yet a reality.
Manufacturers still need to demonstrate the reliability of their solutions,
in addition to the gain in terms of size, electrical performance, and power
consumption. Electromigration experiments have been carried out on 3D
interconnect structures with hybrid (Cu/SiO2) bonding architectures. This
study highlights on one hand that the Cu-Cu bonded interface has much
better electromigration activation energy that the Cu-SiO2 interface. On
the other hand the dependence of the voiding mechanisms versus the
barrier material process already observed in previous studies seems to be
unchanged for this hybrid bonding architecture. The results also show that
it will be interesting to increase the precision of alignment to maximize
the Cu-Cu interface in comparison of the Cu-SiO2 to ensure high activation
energy and then a higher electromigration resistance.
S. Moreau “Does electromigration
remain an issue for 3D ICs?”
ESREF 2015 December 5 – 9, 2015
Toulouse France
According to the previous paper,
the
study
compares
Cu-Cu
bonding process vs. Cu – SiO2 one.
Concerning Cu-Cu bounding, the
larger the Cu-Cu bonding surface,
the bigger the activation energy.
Wafer to Wafer alignment needs to
be improved (better than 200nm) to
strengthen the interface.

Characterization of voids over a TSV after electromigration test
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S. Moreau, F. De Crecy, V. Mandrillon “Application of design of computer
experiments (DoCE) method for the extraction of the Elasto-Plastic
behaviour law of ECD copper through nano-indentation tests” IEEEEuroSimE 2015 September 20-22 , 2015 Budapest (HG)
This paper report a new methodology combining finite element modeling
(FEM) and Nano indentation tests in order to extract the plasticity law
of ECD copper film. Demonstration has been done that only ANSYS
Multilinear isotropic hardening (MISO) model reaches the goal of fitting the
Nano indentation measurements achieved on ECD copper film. In addition,
there is no unique solution, as implied by many papers on optimization
problem, but we can define a set of good solutions.
P. Coudrain, P. Momar Souare, J-P Colonna, H Ben-Jamaa, P. Vivet,
R. Prieto, Vincent Fiori, C. Santos, D. Dutoit, F. de Crecy, S. Dumas, C.
Chancel, A. Farcy, D. Lattard, S. Cheramy, L. Le Pailleur “Experimental
Insights into Thermal Dissipation in TSV-Based 3D Integrated Circuits”
- IEEE-Design & Test magazine /DT-2015-04-0034.R1
This revue paper for a magazine provides an overview of recent
achievements on 3D thermal management obtained at CEA-Leti and
STMicroelectronics in a frame of the IRT Nanoelec Program. We present
new insights into thermal dissipation in TSV-based three-dimensional
ICs (3DIC). In this paper we have presented two 3D test chips embedding
heaters and sensors that are able to address this challenge with a coupled
experimental/simulation approach.
The first circuit was dedicated to 3D interconnects exploration, allowing
precise thermal mapping. It has been at the basis of a calibrated FEM
model able to study fine interactions at the micrometer scale.
The second test chip was a 3D SoC used for Memory on- Logic
integrations. It has illustrated the possibility of a more compact model.
These powerful tools have been used to study the thermal impact of TSV
and 3D interconnects design in 3D circuits. Design rules can be derived
from this work but they cannot be generalized. Indeed, the temperature
quantification in the 3D stack requires to perfectly understanding the
dissipation fluxes across the chip. This depends on the power level, the
location of hot spots, the layers thicknesses and the materials employed.
Furthermore, a perfect understanding of boundary conditions is necessary.
After calibration with in-situ measurements, the models become strong
tools for 3D thermal aware design, from precise FEM models at micrometer
scale to high-level floor planning explorations. By efficiently controlling
on-chip temperatures, this strategy will allow to preserve the performance
of circuits, as well as to maximize the functionality of the future 3D chips.
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N. Devanciard, F. Bana, N. Bresson, S. Rey, C. Beitia, D. Alliata, D. Hart,
J. Thornell, J. Miller “Improving mean time to develop micro-bump/
pillar fabrication process for vertical interconnections by combined
defectivity and metrology approach“ IMAPS 2015 – October 26 -29, 2015
Orlando (USA)
In this paper, we explored a new process development concept that was
recently introduced on the IRT Nanoelec program to minimize the MeanTime-To-Detection (MTTD) of fabrication problems. This innovative
approach aims to speed up the learning curve and reduce its associated
cost when developing new innovative technologies. The basic idea is to
mix defectivity with metrology by feeding one with the other through a
unique hardware/software platform. As a case study, we characterized the
fabrication process of a micro-bump and pillar by using information from
automatic visual inspection to drive the local metrological investigation.
We successfully demonstrated the potential advantage when running on
the same system a defectivity inspection pass that automatically triggers
additional metrological passes that are executed in cascade as a function of
the defect count limit. An alternative to this approach, the process program
could be also setup to input the sequence of GOOD dies (or FAILED dies),
according to AVI criteria, to the following metrological passes, so as only
dies of interest are controlled in μbump diameter and height. Ultimately,
the approach that would guarantee the best compromise between the
quality of the process characterization and the minimum throughput
penalty would be to use information from inspection at defect level to feed
forward smart metrological measurement to characterize the morphology
of a defect of interest or a defective pattern of
interest.
Based on this approach and proper
compromise between inspection and
metrology it is expected to reduce
mean time to development which
is crucial in the first phase of
introduction of new product.
Finally, this flow would not
only
provide
important
information to determine the
best micro-bump diameter
versus density compromise
on a test wafer as developed
in this paper, but would also
ensure a quick and reliable
set of information to validate
many other process steps in 3D-IC
manufacturing.
Height of interconnection wafer map, using metrology tool Rudolph
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Y. Fkih, P. Vivet, M.L Flottes, B. Rouzeyre, G. Di Natale, J. Schloeffel “3D
DFT challenges and solutions“ - IEEE- ISVLSI’ 2015 Symposium July,
8 -10 – Montpellier France
Design-For-Test (DFT) of 3D stacked integrated circuits based on Through
Silicon Vias (TSVs) is one of the hot topics in the field of test of integrated
circuits. This is due to the test access complexity of dies’ components
that must be controlled/observed before and after bonding (especially for
upper dies), and the high complexity of 3D systems where each die can
embed hundreds of IPs. DFT of 3D circuits concerns all the components of
the 3D system, including the dies and the inter-die interconnections. We
address the problem of test architecture definition for both TSVs testing
before bonding and cores testing before and after bonding.
The first aspect concerns the pre-bond test of TSVs where we presented
a BIST solution based on ring oscillators. The proposed solution was
implemented on a prototype test chip, showing its low implementation
cost, and real characteristic measurements on TSV matrices showed that
the proposed approach allows differentiating faulty from fault-free TSVs.
The second aspect of the 3D DFT challenges concerns the test architecture.
We proposed an architecture based on IEEE 1687 which allows the test of
all the components at all the 3D bonding levels and fulfils other 3D test
requirements including 3D test pattern retargeting a dynamic selection of
the instruments under test. Moreover the proposed 3D DFT architecture is
scalable and can be adapted to specific 3D ICs technologies especially with
interposers (passive or active) and/or multi-tower 3D technologies. The
last discussed aspect of 3D test challenges concerns the relation between
DFT architecture and test scheduling. We have shown that the proposed
3D DFT architecture does not block any test scheduling at any test level
and presented and illustrative example of 3D test scheduling that can be
done at the different stages of the 3D stacking process. This work opens
perspectives towards 3D test scheduling of various instruments “IPs” with
physical constraints such as power and thermal issues.

Pre-bond test of TSVs using ring oscillators
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P. Vivet, C. Bernard, E. Guthmuller, I. Miro-Panades, Y. Thonnart, F.
Clermidy “Interconnect Challenges for 3D Multi-cores: from 3D Networkon-Chip to Cache Interconnects” - IEEE- ISVLSI’ 2015 Symposium July,
8 -10 – Montpellier France
One of the main challenge of multi-cores structures is clearly the
interconnect infrastructure. For designing such 3D multi-cores, it is
required to address two primary concerns: the 3D physical link by itself, and
advanced interconnects scaled to 3D. The paper present an overview of 3D
interconnects with 3D asynchronous Network-on-Chip architectures, with
focus on 3D asynchronous links, and advanced interconnect structures
for memory caches in 3D. For robust 3D link & avoiding synchronization
issues, we proposed two kind of asynchronous vertical links, either
using serial link for TSV area reduction, and 4-2 asynchronous protocol
converters to optimize the 3D link throughput, achieving 500 MHz in a
65nm technology. Finally, a 3D manycore architecture based on 3D tiles of
L3 caches is proposed, allowing to fully exploiting the opportunities offered
by 3D technologies while leveraging their shortcomings. Experiments have
shown how important is the 3D NoC topology. As further work, we plan to
implement the proposed 3D tiles of caches by using an active interposer,
and using the proposed optimized 3D NoC links using both asynchronous
links and source-synchronous links.

Principle of 3D Asynchronous Network-On-Chip (3DNoC)
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S. Cheramy “3D technology for better performance” Leti Day@San
Francisco 2015 July 11, 2015 San Francisco (USA)
The 3DNoC chip is based on a 2D die that can be used in a stand-alone
applicative mode, and also in a 3D stack with several dice, to multiply
the processing performance of the system. The project’s complete
demonstration platform shows both the simulated and measured thermal
effects in the 3D chip using a new Mentor Graphics® Calibre® thermalanalysis prototype.
“The technology developed for this realization can be easily used and
transferred to address mixed-technology applications, such as imagers
and RF transceivers, or complex digital processing, such as highperformance computing and programmable devices. In parallel with these
results, this paper shows results on developments that address more
fine-pitch 3D technology than those used in the 3DNoC demonstrator and
solutions for thermal dissipation, temporary bonding, and stress issues.
This first work releases rough partitioning (core level). In order to get finer
partitioning (logic block or gates), very low-pitch interconnections chipto-chip (C2C) will be required.” Specifically, IRT Nanoelec is working on
fine-pitch copper pillar (20µm) and Cu-Cu direct bonding (pitch<10µm).
Additionally, for high- performance applications, we are also working on a
stress solution for a very large interposer, such as the kind used with highaspect ratio TSVs and a stress buffer layer.
Describing the differences between traditional 2D SoC and a 3D system,
the network-on-chip (NoC) structure is already used for 2D SoC devices.
“The principle is to decouple the information into packets in the x- and
y-directions so this can be naturally extended to the third dimension by
decoupling the information also in the z-direction.
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“The photonics program of the IRT Nanoelec
works towards the design and integration of
photonics components on Silicon for high speed
short reach data communications targeting
high performance computer and data center
market segments. This program groups five
complementary partners:
• Mentor Graphics, bringing to the consortium
its expertise on automated design and layout
verification
• SAMTEC, specializing in module integration
and packaging, who has joined the program
in 2015 and who has provided a since a strong
leadership in our efforts to target the transceiver
market, making our demonstrator proposals
more effective
• Finally, a group of technology partners composed
by ST Microelectronics, CEA-Leti and CNRS
who are working together to define innovative
components and the associated fabrication
processes on the two CMOS technology lines that
coexist in the program(STMicroelectronics’s 300
mm and CEA-Leti’s 200 mm lines)
After an initial phase (2012-2014) where advanced
technological building blocks (e.g. tunable
integrated laser, echelle grating wavelength
multiplexer) have been defined, the second phase
of the program (2015-2017) aims at strengthening
these innovations and increase their maturity so
as to:

• push the most advanced building blocks such
as for instance the coarse wavelength division
multiplexer or the edge fiber coupler towards
industrialization and inclusion into the automated
design environment
• build tools for packaging with high density
electrical and optical interconnects, adapted for
high volume manufacturing
• design a laser integration flow fully compatible
with 200 mm and 300 mm CMOS fabrication lines
• provide a comprehensive multi-vendor design
automation tool including customizable cells with
proven models and layout verification capability
This second phase mainly targets the construction
of packaged demonstrator, by creating optical
transceivers which are compact (cm²), capable
of high throughput (several 100Gb/s), integrated
with electronic chips (flip chip) and ultimately
comprising several optical sources (lasers)
whose fabrication is compatible with standard
CMOS processes. This being accompanied by a
design environment ensuring robust exploitation
and fabrication. These ambitious achievements
shall lead us to a third phase targeting the design
of larger circuits with numerous individual
components and achieving complex functions
such has optical routing or photonic interconnects
for multi-core high performance computers in
collaboration with the 3D Integration program of
the IRT”.

SILICON PHOTONICS PROGRAM

2015 HIGHLIGHTS
In 2015, three main achievements can be highlighted. These are the results
of processes started during the first phase of the program which have now
matured into demonstrators.
The first achievement is the fabrication of a four channel 25Gbps optical
receiver integrated with its quad trans-impedance amplifier. The novelty of
this work is the close integration by flip-chipping of the electronic driving
chip onto the photonic circuit as well as the complete design of a printed
circuit board suitable for demonstration. Multiple fiber pigtailling is also
demonstrated.
The second achievement is the world first integration of an Indium
Phosphide based laser source with a silicon Mach-Zehnder modulator,
whose performance has been proven in the lab up to 25Gb/s. This is really a
corner stone of our progress towards the full CMOS compatible integration
of lasers onto silicon photonic circuits.
The third achievement is also a world premiere: it is the fabrication of a
laser from the bonding of small dies of III-V material on Silicon rather
than 1 inch wafers. This is also an important milestone towards the
mass production and CMOS fabrication compatibility of integrated laser
structures.
It is also important to underline that these achievements are the result of
a large underlying technological groundwork where many advances are
being targeted: parallel bonding techniques for III-V dies on silicon, electric
contact attachment to those dies, back side attachment of laser structures
to preserve the front side metallization lines, novel photodetector
structures to ease the process flow, more efficient optical waveguides and
gratings, etc. The publication summary given below will try to highlight
this fundamental work without which, once again, no demonstrator would
have been produced.
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H. Duprez, A. Descos, T. Ferrotti, C. Jany, J. Harduin, A. Myko, C.
Sciancalepore, C. Seassal and B. Ben-Bakir. “Heterointegrated III-V/
Si Distributed Feedback Lasers“ in Proc. SPIE 9365, Integrated Optics:
Devices, Materials, and Technologies XIX, 936506 (2015).
With an ever-growing transmission data rate, electronic components
reach limit and silicon photonics may overcome. This technology provides
integrated circuits in which light is generated within hybrid III-V/Si lasers
and modulated to transmit the desired information through silicon
waveguides to input/output active/passive components such as wavelength
(de)multiplexers, fiber couplers and photodetectors. Nevertheless, high
aggregate bandwidth through wavelength division multiplexing demands
for spectrally narrowband lasers with high side-mode suppression ratio
(SMSR). Distributed feedback (DFB) lasers offer such a great selectivity.
We report hybrid III-V on Silicon DFB lasers emitting at 1550nm and
1310nm. The III-V material is wafer-bonded to patterned silicon-oninsulator (SOI) wafers. The laser cavity is obtained by etching a grating in
the silicon, while silicon adiabatic tapers are used to couple light from/to
III-V waveguides to/from the passive silicon circuitry, in order to maximize
the laser available gain and output power. Gratings are either etched on
the top of the silicon waveguide or on its sides, thus relaxing the taper
dimension constraint. At 1550nm, the investigated device operates under
continuous wave regime with a room temperature threshold current of
70mA, an SMSR as high as 45dB and an optical power in the waveguide
higher than 40mW. At 1310nm, a threshold current of 35mA, an SMSR of
45dB and an optical power coupled into a single-mode fiber higher than
1.5mW are demonstrated.
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C. Sciancalepore, R. J. Lycett, J. A. Dallery, S. Pauliac, K. Hassan, J.
Harduin, H. Duprez, U. Weidenmueller, D. F. G. Gallagher, S. Menezo and
B. Ben Bakir, “Low-Crosstalk Fabrication-Insensitive Echelle Grating
Demultiplexers on Silicon-on-Insulator”, IEEE Photonics Technology
Letters, Vol. 27, No. 5, March 2015
In this letter, we report about design, fabrication, and testing of echelle
grating (EG) demultiplexers in the O-band (1.31-μm) for silicon-based
photonic integrated circuits. In detail, flat band perfectly chirped EGs and
two-point stigmatic EGs on the 300-nm thick silicon-on-insulator platform
designed for 4 × 800-GHz spaced wavelength-division multiplexing
featuring a low average crosstalk (−30 dB), a precise channel spacing,
optimized interchannel uniformity (0.7 dB) and insertion losses (3–3.5 dB)
are presented. Wafer-level statistical performance analysis shows the
EG spectral response to be stable over the wafer in terms of crosstalk,
channel spacing, and bandwidth with minimal wavelength dispersion (<0.8
nm), thus highlighting the intrinsic robustness of high-order gratings and
chosen fab pathways as well as the full reliability of 3-D vectorial modeling
tools.
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D. Fowler, S. Plantier, A. Myko, O. Lemonnier, S. Pauliac, J. A. Dallery, K.
Hassan, B. Ben Bakir, C. Kopp “Influence of Minimum Critical Dimension
on the Efficiency of SOI Apodised Grating Couplers”, Optics Express 2015
We use 2D and 3D FDTD simulations and experimental data to show that
the insertion loss of conventionally apodised one dimensional grating
couplers may be significantly reduced by using smaller minimum critical
dimensions. We then experimentally demonstrate an adapted apodised
grating coupler design using an effective index approach with a minimum
feature size of 120nm on a standard SOI substrate, obtaining a measured
insertion loss as low as -1.4dB.

K. Hassan, C. Sciancalepore, J. Harduin, T. Ferrotti, S. Menezo and B.
Ben Bakir “Toward athermal silicon-on-insulator (de)multiplexers in
the O-band”, Optics Letters Vol. 40, Issue 11, pp. 2641-2644 (2015)
We report on the design, fabrication, and characterization of a 1×4 siliconon-insulator (SOI) demultiplexer exhibiting a significant reduction of its
thermo-optical sensitivity in the O-band. The optical filtering is achieved
by cascading several Mach–Zehnder interferometers (MZIs) fabricated
on a 300-nm-thick SOI platform. Owing to an asymmetric design of the
confinement for each MZIs, we found a thermal criteria that satisfies the
spectral requirements. The thermal sensitivity of the structure is analyzed
by a semi-analytical model in order to create a thermal multiplexer. Fiberto-fiber thermo-optical testing reveals a thermal sensitivity of around
17  pm/°C reduced by 75% compared to the standard devices with promising
performances for both the crosstalk (15 dB), the insertion losses (4 dB),
and absolute lambda registration (<0.25 nm).
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S. Bernabé, G. Pares, B. Blampey, K. Rida, O. Castany, S. Menezo, S.
Malhouitre, C.Kopp, K. Dieng, E. Temporiti, “High Data Rate Silicon
Photonic - CMOS Electronic Modules using Copper Microbumps”,
International Symposium on Microelectronics: FALL 2015, Vol. 2015, No.
1, pp. 000616-000620 (2015)
Achieving high data speed (typically Nx25 Gbps) compact optoelectronic
modules is now made possible by using Photonic Integrated Circuits (PIC)
combined with CMOS electronic drivers. Among the techniques that can be
used to combine both circuits, flip-chip assembly based on micro-bumps
shows several advantages, for example low RF parasitics and high density
compared to wire bonding. Using this technique, it is possible to build low
consumption photonic receivers working at 25 Gbps.

E. Ghegin, F. Nemouchi, J. Lábár, C. Perrin, K. Hoummada, S. Favier,
S. Gurbán, I. Sagnes, “Phase formation in the Ni/n–InP contacts for
heterogeneous III/V-silicon photonic integration”, Microelectronics
Engineering, In Press, Dec. 2015
The metallurgical properties of the Ni/n–InP system meet a great interest
for its use as a contact in the scope of Photonics laser application. We report
the formation of a compositionally non-uniform Ni–In–P amorphous layer
during the early stages of the contacts elaboration, which include HCl and
Ar+ plasma cleanings prior to the metal DC sputtering. During various heat
treatments, the coexistence of the Ni2P and Ni3P binary phases and the
Ni2(InP) ternary phase were observed while In release was featured. For
temperatures equal to or greater than 350 °C we highlighted the formation
of In phase. Thanks to RTP and long-time annealing processes, we pointed
out the predominance of the diffusion and/or interfacial reactions on the
formation of the Ni2P, Ni3P and Ni2(InP) phases and that of nucleation or
melting/solidification on the formation of In agglomerates.
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Ph. Rodriguez, L. Toselli, E. Ghegin, N. Chevalier, N. Rochat, E.Martinez,
F. Nemouchi, “In situ cleaning of InGaAs surfaces prior to low contact
resistance metallization”, Microelectronics Engineering, In Press, Dec.
2015
In this work, we studied the pretreatment of InGaAs layers by employing Arand He-based direct plasmas and NH3, H2, NF3/NH3 remote plasmas. All
the remote plasmas involved in this study were inadequate to remove the
InGaAs native oxides. Moreover, for NF3/NH3 exposed samples, we noticed
the addition of undesirable In–F and Ga–F bonds. Concerning Ar and He
direct plasmas, investigations exhibited that both seem to be efficient for
removing arsenic oxides whereas the elimination of indium oxides is more
effective with Ar plasma. We also studied the addition of hydrogen into He
direct plasma and we demonstrated that increasing the H2 content leads
to decreasing the removal of arsenic oxides. The impact on indium oxides
is also notable as we observed a reducing effect of hydrogen on indium
and the emergence of In–In type bonds. Finally, whatever the plasma
pretreatment, no degradation of surface morphology and roughness was
observed by AFM. The RMS values obtained after surface treatments are
similar with the ones acquired for reference samples. AFM. The RMS values
obtained after surface treatments are similar with the ones acquired for
reference samples.
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CHARACTERIZATION ON LARGE-SCALE
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The Grenoble large-scale instruments potentially
offer unrivalled performance to achieve advanced
micro-nanoelectronics characterization.
However, access to these research infrastructures
is adapted to the world of academic research and
is generally, apart from several exceptions such
as structural biology for drug discovery, not yet
optimally aligned to the needs of industrial R&D.
Industrial needs are reflected by rapid access,
confidentiality, a strong scientific support from
experiment feasibility to running the experiment
and data analysis. Important factors for the use
of large instruments for industrial innovation
and R&D is the prior but basic awareness of the
power and limits of the infrastructure techniques
(for example diffraction, scattering, imaging,
and spectroscopy; all potentially under in situ
or under operando conditions), adapted sample
preparation methods, and more generally in a
precise definition of the relevant experiment or
measurement required to meet the industrial
technical question.
The objective of the Characterization Program

is to allow to technological research in micronanoelectronics to have an enhanced access
to the ultimate characterization permitted
by the large-scale instruments of Grenoble.
The program focuses on the following three
points: Define processes for preparation and
characterization of a series of real cases with
the industrial and technological partners of the
IRT Nanoelec. Establish the technical means
for sample preparation and conduct the work of
development and validation of actual pilot cases
identified with the partners. And, finally, offer
dissemination, awareness and training.
During the 1st period of the IRT (2012-2014), the
program team has prepared the infrastructure
and started to establish links between the
different academic and industrial partners. The
next period 2015-2017 will see the increase of the
quantity of studies carried out in collaboration
with industrial partners’ members of the IRT, and
of services for industrial customers.

2015 was an exceptional and decisive year for the characterization
program with the design and start, in a record time, of two major
instruments and a preparation laboratory dedicated to industrial
applications. The Platform for Advanced Characterization –
GRENOBLE (PAC- G), became so a full reality.
D50, a powerful neutron reflectometer, coupled with an advanced
X-ray diffraction instrument, constitutes a unique set of tools
ideal for the study of micro / nanoelectronics interfaces and for
neutron irradiation tests. This instrument is using a new way to
select wavelength via a neutron prims (RAINBOWS concept),
providing an efficiency gains of an order of magnitude compared
to state of the art n-reflectometer. It will enable to characterize
layers, heterostructures and interfaces of interest for the micro
and nanoelectronics.The adaptable design of D50 also allows the
characterization of high-reliability electronic components, and in
the near future will provide non-destructive, high-resolution 3D
images to optimize interconnections and component packaging.

CHARACTERIZATION ON LARGE-SCALE INSTRUMENTS PROGRAM

MAIN 2015 RESULTS

D50: Reflectrometry – Neutrons irradiation

At the ESRF the BM05 synchrotron beamline optimized for
massive sample tests (diffraction, reflectometry, topography) and
additional resources implemented on several beamlines perfectly
complete this offer dedicated to industrial applications. On BM05
synchrotron line, a 6 axis diffractometer has been installed. It
enables diffraction and reflectivity measurements in transmission
and reflection at energy from 6keV to 60 keV. Moreover, it allows
x-ray diffraction imaging (topography) characterization, and is
planned to be part of a parallel beam micro-tomography setup.
One of the specificity of this instrument is to be able to perform in
plane measurements, as well as out of plane
The first industrial clients have benefited from these services
at the end of 2015 and 2016 promises to see an important growth
in industrial utilization of PAC-G, bringing to fruition the aim of the
program: to build a bridge between the means and expertise available
at CEA / PFNC, ESRF and ILL and French and European industry thus
generating innovation and economic growth in this sector.
Among the technical results obtained in the program, one can
highlight first the characterization of 3D connections (Copper
pillars, direct bondings) using imaging and diffraction techniques
operated with a very high lateral resolution, using x-ray nanoprobes
and second the understanding of interfaces and especially the
determination of the causes producing the delamination of layers
on microelectronic advanced structures.
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KEY PUBLICATIONS IN 2015
J. Beaucour, J. Segura-Ruiz, B. Giroud, E. Capria, E. Mitchell. C. Curfs, J.C. Royer, M. Baylac, F. Villa and S. Rey “Grenoble Large Scale Facilities
for advanced characterisation of microelectronics devices“ Poster at
the Radecs 2015 conf, published in the IEEE NSREC proceedings
This paper does present the Advanced Characterization PlatformGRENOBLE (D50 at ILL, BM05 at ESRF, GENEPI-2 and the sample
preparation and pre-characterization labs at the Science Building of
the EPN campus and at the PFNC-CEA), for the specific market of high
Reliability component and Systems (Aerospace and Space industry). Focus
is done on the use of D50 and GENEPI2 for components characterization
of Single Event Upset. These 2 instruments are complementary and enable
the testing in the high (3 MeV and 15MeV) and low (thermal) energy neutron
ranges. Complementary characterization on High Reliability components
using CEA and ESRF means are also presented.
J. Segura-Ruiz, P. Gutfreund, G. Imbert, A. Ponard and R. Cubitt
“Hydrogen accumulation as the origin of delamination at the a-C/ SiO2
interface”, Journal of Applied Physics, 117, 2015, pp 215302-5
Reflectometry of Neutron (NR) and X-rays (XRR) have been used to study
the interface of amorphous Carbon (a-C) and SiO2. In the NR results,
an intermediate layer (IL) between the a-C and the SiO2 layers has been
evidenced. This IL has been associated with the accumulation of hydrogen
at the interface and it has been correlated with the weakness of the
interface. By comparing the XRR and NR results, the H-concentration in
this layer was estimated. This paper demonstrates the power of combing
Neutron and X-ray reflectivity to study interfaces.
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J. Segura-Ruiz, J. Beaucour, B. Giroud, D. Atkins and R. Cubitt, “D50,
an innovative ILL prototype for a white beam neutron reflectometer”,
Neutron News, Vol 26, N. 3, 2015, p 27
D50 is a new prototype of the white beam RAINBOWS type neutron. This
setup, which requires a well collimated beam and a refracting prism to
measure the wavelengths after reflection, is expected to produce an order
of magnitude in useful intensity over the standard TOF instrument. D50
can also be adapted to neutron imaging with only minimal modifications

CHARACTERIZATION ON LARGE-SCALE INSTRUMENTS PROGRAM

R. Cubitt, T. Saerbeck, R. A. Campbell, R. Barker and P. Gutfreund, “An
improved algorithm for reducing reflectometry data involving divergent
beams or non-flat samples”, J. Appl. Cryst.,48, 2015, pp 2006-2011
Reflectometry has been successfully used in analysing interfacial
structures in the fields of soft matter, magnetism and life science. The
main drawback of neutron reflectometry compared to X- rays reflectometry,
is the relatively feeble brilliance of the source. In this paper, a simple
modification of the data-reduction algorithms for non-flat surfaces, leads
to a substantial gain in statistical quality, equivalent to a significant flux
increase. This new algorithm requires the use of a multi-detector as
opposed to a single detector with a resolution better than 0.5 mm, which
corresponds to the minimum source size typically used.

J. Segura-Ruiz, P. Gutfreund, G. Imbert, A. Ponard and R. Cubitt
“Hydrogen accumulation as the origin of delamination at the a-C/ SiO2
interface”, 6th European Conference on Neutron Scattering, 2015
The results presented in this talk have been described in the paper entitled
“Hydrogen accumulation as the origin of delamination at the a-C/ SiO2
interface” published in the Journal of Applied Physics
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J. Segura-Ruiz, J. Beaucour, B. Giroud, G. Manzin, R. Cubitt, E.
Capria, E. Mitchell, J-C. Royer and C. Curfs “IRT Nanoelec: Advanced
characterization Platform”, 6th European Conference on Neutron
Scattering, 2015
This communication presents the equipment available at the Advanced
Characterization Platform and their characteristics: D50 at ILL, which
can be used to perform reflectivity, irradiation and eventually neutron
tomography and SANS experiments; BM5 at the ESRF, where the available
techniques are Powder XRD, RSM, GIXRD, XRR, X-Ray diffraction imaging,
SAXS; The Sample Preparation and complementary characterization
equipment which includes a polishing machine, an X-ray bench with Cu
and Ag sources and a 2D detector.
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E. Capria “Nanoelec Industry @ BM05 Equipment Description”,
Synchrotron Radiation Instrumentation 2015
This poster is a description of a new instrument, tailored for industrial
application, being installed on BM05 at the ESRF. This new equipment is
a 6 axes diffractometer with two 2D detectors (250k pixel and 2M pixels)
and a high throughput sample exchanger which will enable to perform
diffraction, reflectivity and tomography experiments.

Detail of the experimental hutch on BM05
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E. Capria, J. Beaucour, I. Bertrand, Bicais, E. Boller, C. Curfs, G. Chahine,
A. Fitch, R. Kluender, T.A. Lafford, Y.M. Le-Vaillant, F. Lorut, J.S. Micha,
E. Mitchell, O. Robach, J.C. Royer, T.U. Schülli and J. Sergura-Ruiz
“Non-conventional synchrotron characterizations for the industry of
nano-electronics “, EuroNanoForum 2015
This talk begins with a description of the interaction X-rays/matter,
followed by a description of the possible configurations available at
synchrotron in terms of space resolution, energy, time-resolution and
sample environment. An explanation of what synchrotron can do for nano
and micro-electronics is given using examples: Analysis of dislocation
formation by Topography; Characterization of Si thickness on SOI samples
by micro focused High Resolution X-ray diffraction (Micro-HRXRD), high
lateral resolution chemical mapping by nano-XRF and XANES; Analysis of
precipitates phases in copper pillar by micro-tomography.

X-ray diffraction imaging analysis on solar cells
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E. Capria “Non-destructive high resolution 3D imaging for future
generation nanoelectronics packaging“, SEMICON Europe 2015 –
Dresdes (GE)
This talk gives an overview of the Nanoelec Advanced Characterization
Platform and a description of its academic partners (ESRF, ILL and CEALeti), its industrial partners (ST-microelectronics, SOITEC, Schneider and
CEA-Leti) and its offer. A focus is done on 3D imaging and the available
techniques depending on the required spatial resolution: Atom probe
tomography for Angstrom resolution, STEM tomography for 10 nm
resolution, X-ray nano-tomography for 10 to 100 nm resolutions, Hard
X-ray micro-tomography for micron resolution and gamma-ray and
neutron tomography for millimeter resolution.

Sample magnification in divergent nano-tomography
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E. Capria, J. Beaucour, I. Bertrand, Bicais, E. Boller, C. Curfs, G. Chahine,
A. Fitch, R. Kluender, T.A. Lafford, Y.M. Le-Vaillant, F. Lorut, J.S. Micha,
E. Mitchell, O. Robach, J.C. Royer, T.U. Schülli and J. Sergura-Ruiz
“Non-Conventional Structural and Chemical Characterizations for
the Industry of Nano-Electronics”, Frontiers of Characterization and
Metrology for Nanoelectronics 2015
This poster describes the academic partners of the Platform for
Advanced Characterization (CEA, ESRF and ILL). The use of neutrons
and synchrotron X-rays for nano- and micro-electronics is then showed
through several examples: Residual strain and thickness of thin layers
(micro-HRXRD), dislocations in single crystals (topography), defectology
(micro-tomography) and characterization of bonding interfaces (neutron
reflectometry).

Nano-diffraction analysis on a SOI sample
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E. Capria, J. Beaucour, I. Bertrand, Bicais, E. Boller, C. Curfs, G. Chahine,
A. Fitch, R. Kluender, T.A. Lafford, Y.M. Le-Vaillant, F. Lorut, J.S.
Micha, E. Mitchell, O. Robach, J.C. Royer, T.U. Schülli and J. SerguraRuiz “Industrial characterization of nano-electronic devices-based
on neutrons and synchrotron X-rays non-conventional techniques”,
Nanoelectronic Days 2015
This talk presents the Characterization platform, the types of
characterization which can be offered by X-ray synchrotron (Topography,
micro-HRXRD, Nano-XRF + XANES and micro-tomography) and the
complementarity between neutrons and synchrotron X-rays. Finally
a description of the multi-technique diffractometer on BM05 and the
nanoscale tomography instrument ID16A at the ESRF is made.

Updated sample holder of nanoscale tomography setup

A. Durand, N. Vaxelaire, D. Le-Cunff, D. Rouchon and P. Gergaud,
“Mapping of 7-nm-thick condensed Si1-xGex layer by Micro-Raman
spectroscopy and Scanning X-Ray Diffraction Microscopy”, conference
MECASENS 2015, Grenoble
In order to improve transistor performance, SiGe alloy is being used as
a replacement for Si channels. Thus, a monitoring of the composition
and strain of this layer is needed. In this talk, the author presents results
obtained by micro-Raman spectroscopy and high resolution X-ray
diffraction (K-Map method) using the same sub-micrometer probe. Partial
correlation of the results obtained using the two techniques is shown the
inhomogeneity of the SiGe layer is confirmed.
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TIANA DELHOME

PULSE PROGRAM DIRECTOR
“The PULSE* collaborative innovation program was
set up by five industrial corporations (Schneider
Electric, STMicroelectronics, Bouygues, Groupe
Brunet, and Cofely Ineo) and three research
organizations (CEA, Inria, and the Grenoble-Alpes
University) to help businesses harness the potential
of nanoelectronics to develop innovative products and
services that integrate breakthrough technologies
and respond to existing and emerging user needs.
Like most developed economies, France is facing
some major societal challenges. Whether this
means taking care of an aging population or
responding to the global imperative to make better
use of energy resources in areas like transportation
and homes, real-time access to data to drive
intelligent decision-making is the key to ensuring
the best use of resources of all kinds.
Micro and nanoelectronic bridge technologies can
be used to give objects communicating capabilities,
vital to accessing the necessary data for informed
decision-making. The Internet of Things will bring
businesses—especially in the microelectronics
industry—substantial growth opportunities. Recent
studies estimate there will be more than 80 billion
connected objects by 2020 and that machine-tomachine (M2M) communications are growing by
nearly 30% per year.
However, to seize upon these opportunities,
businesses must, of course, come up with
competitive, differentiated new products. And
these products must be easily appropriated by
users. In other words, they must fit into users’
lifestyles, because even the most advanced
technology cannot guarantee a new product’s
commercial success.
Today’s generation of innovation programs
favors a multidisciplinary approach that

combines technological research and usercentered development—both of which are
necessary for successful collaboration between
all stakeholders, whether users, sellers, or
financers. And the potential added value of
nanoelectronics is questioned and challenged at
every stage of the design process:
• Do the features enabled by nanoelectronics
meet market/user needs?
• Do they add something to users’ lives and are
users willing to pay for this added value?
• Do they support business, individual, and
collective efficiency?
• Do they support economic and industrial
efficiency and performance?
• Will they have a positive and viable impact on
public policies?
PULSE, set up in 2012, has consistently worked
toward helping this new generation of collaborative
technological innovation programs to evolve. The
Bridge Technology R&D Platform addresses the
technological aspects inherent to this multidisciplinary
approach. The next step—and the program’s top
priority—is to expand and create new resources
addressing user-centered innovation. In 2015, PULSE
kicked off several projects to move toward this
goal, producing results like the world’s first mobile
autonomous building (the ENA project) and the
winning of the Huawei France Digital IN-Pulse Award
for a joint project run with Technosens, a French SME.
These efforts will gain traction in 2016, with upcoming
projects aimed at drawing up specifications for and
creating new tools to help businesses fully leverage
all that nanoelectronics can offer”
*Programme des Usages des technologies de Liaison
et Soutien aux Entreprises

The PULSE program is unique in its capacity to build complex, innovative
demonstrator systems and put together multidisciplinary on-site teams
made up of research scientists, engineers, sociologists, ergonomists, and
experts from other fields to assess the performance of nanoelectronic
technologies and evaluate the benefits for users. Since the PULSE
program was set up in 2012, its top priority has been to create an R&D
facility unique in France capable of:
• rapidly integrating demonstrator systems and using advanced tools and
human expertise to evaluate connectivity performance, even in “noisy“
environments
• experimenting with demonstrator systems in semi-realistic or real
world environments and conducting multi-criteria value assessments

SILICON PHOTONICS PROGRAM

2015 HIGHLIGHTS

The program has chosen a two-pronged strategy to ensure it remains
competitive while constantly honing its in-house technology know-how.
First, it operates as a collaborative innovation “club“ that works with its
founding members to develop demonstrator systems which are then
assessed for performance or employed in user-centered innovation
activities. This approach gives the program’s founding members access
to nanoelectronic technologies for integration into their future products.
In 2015, six such projects were run under the PULSE program. Here are
some of the results:
• A demonstrator of the world’s first autonomous, mobile living space (the
ENA project) was built and installed at sites in Grenoble and Ambérieu, to
show that the concept works.
• An urban supervision demonstrator system (the SSL project) was
developed and installed at the PULSE program’s experiment lab where it
was employed in user-centered development studies.
• A study of an actual family living in a self-powered home in a mountain
environment was completed (the Reli2 project).
• A dependent-person’s living space was built in the PULSE integration
lab to test an interconnected personal monitoring technology (the
Silverlab project).
• A bidirectional battery charger prototype for mobile (vehicles) and
stationary (energy-positive homes) applications was developed, achieving
yields in excess of 96% (the Hub Energy project).
• Two new vehicle security technology demonstrator systems were built
for user-centered development testing (the Perfect project).
Second, the PULSE program forms technology partnerships with
companies to help them overcome their technical challenges. Program
partners in 2015 included several SMEs (ISKN, Technosens, and Avalun)
and industrial corporations, with projects that resulted in substantial
product performance improvements and the most appropriate bridge
technology choices to meet service quality requirements.
This two-pronged approach also supports the development of an ecosystem
of partners and resources with the program at its center, thus facilitating
the emergence of additional collaborative projects between members”.
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A. THE SILVERLAB PROJECT
The world’s aging population is creating a number of challenges for
society, driving innovations in areas like healthcare and assisted living that
will help citizens live, receive care, and grow old at home. However, due to
economic pressures that are here to stay, these developments must also
ensure increasingly efficient use of available resources. Nanoelectronic
technologies are crucial to developing new products and services that will
help people stay at home longer. For the ill or dependent living at home,
the challenge lies in detecting abnormal events (such as falls or changes
in a person’s daily routine) to be able to arrange for the intervention of a
human caregiver as quickly as possible.
The Silverlab project, an initiative of Schneider Electric, was set up to find
solutions to these challenges. An environment representative of a dependent
person’s living space and easy to equip with instruments to test new products
and services was built at the PULSE Bridge Technology Lab. Several
products and technologies developed by PULSE program founders were
integrated into this environment to make it representative of a dependent
person’s actual living conditions so that the breakthrough personal
monitoring technologies being tested could be evaluated as accurately as
possible. Several concepts to increase in-home safety and comfort for the ill
or dependent are currently being developed in this environment.
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PUBLICATIONS:
Patenaude J, Legault GA, Beauvais J, Bernier L, Béland JP, Boissy
P, Chenel V, Danie, CE, Genest J, Poirier MS, Tapin D. April 2015.
“Framework for the Analysis of the Impacts of Nanotechnologies and
their Ethical Acceptability: Basis of an Interdisciplinary Approach to
Assess Novel Technologies”. Science and Engineering Ethics 21 (2):
293–315.
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The PULSE program and partner Technosens also used this environment
to co-develop a new services platform. The results of this joint R&D project
earned Technosens a slot on the list of candidates for the second annual
Huawei France Digital IN-Pulse competition in April 2015. Technosens was
one of four award winners among the more than 50 candidates selected
for their innovative solutions in areas like smart buildings, security, and
connected objects. Technosens’ e-lio device, which uses a video intercom
system to let the elderly, their families, and caregivers communicate, won
in the smart building category.

Genest J, Legault GA, Beauvais J, Verchère C, Patenaude J. October 18,
2015. Framework for the Analysis of Emerging Technologies’ Impacts
and Ethical Acceptability: Beyond the Valley of Death. S.Net International
Conference 2015.
Chenel V, Patenaude J, Verchère C, Boissy P. October 18, 2015.
Sustainable and Ethically Acceptable Development of Mobile Health
(mHealth). “Which Regulation for Responsible Innovation?” S.Net
International Conference 2015.
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B. THE PERFECT PROJECT
Self-driving cars were a hot topic at the latest Consumer Electronics
Show in Las Vegas, with several manufacturers showcasing prototypes.
And the stakes are high, with a global market estimated at nearly €90
billion. However, designing self-driving cars is a major challenge for
manufacturers. One of the biggest hurdles is developing embedded
systems able to perceive the environment around the car in real time,
which requires:
• Detection of multiple types of data from multiple sources and situational
awareness
• Shared control and interaction
In complex environments, the human brain still wins for efficiency when it
comes to making the right decisions. Sometimes, however, technology is
better than people at making simple decisions that require short response
times.
Traditionally, perception systems have been based on multi-sensor,
multi-track algorithms developed to provide an estimation of the dynamic
characteristics of the cars, pedestrians, and other objects in these
situations. Urban environments pose some specific challenges—objects
being temporarily hidden, disappearing and reappearing many times—that
make multi-track pursuit algorithms unreliable and,
therefore, incapable of effectively controlling the vehicle.
But why are these algorithms so unreliable in urban
environments? Mainly due to the decisions made during
the matching process that associates tracks with pursuit
observations. For now, too much information is lost
during this step. Engineers at Inria have come up with an
alternative representation of the car’s environment—one
that prevents premature decision-making by removing
the concept of tracks. This new development combines
two methods. The first, occupancy grids, do away with
the need for tracks. Car and pedestrian position and
speed are represented within these grids. The second
method, Bayesian filtering, then factors in the dynamic
nature of the environment. Together, the two methods
form a Bayesian occupancy filter.
A Renault Zoe equipped with the necessary instruments
was tested at the PULSE program’s experiment lab.
The goal was to gain insights to fuel the development
of future autonomous vehicle driver assistance tools.
Inria’s algorithms were improved and the CEA ported
them to STMicroelectronics processor cores suitable for
future integration into vehicles. This research generated
several articles and conference papers.
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Rummelhard L, Negre A, Laugier C. September 2015. “Conditional Monte
Carlo Dense Occupancy Tracker”. 18th IEEE International Conference on
Intelligent Transportation Systems.
Rakotovao T, Puschini D, Mottin J, Rummelhard L, Negre A, et al.
January 2015. “Intelligent Vehicle Perception: Toward the Integration
on Embedded Manycore”. 6th Workshop on Parallel Programming and
Runtime Management Techniques for Manycore Architectures (PARMA).
Lussereau J, Stein P, David JA, Rummelhard L, Negre A, et al. July
2015. “Integration of ADAS Algorithm in a Vehicle Prototype”. IEEE
International Workshop on Advanced Robotics and its Social Impacts
ARSO 2015.
C. THE RELI2 PROJECT
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PUBLICATIONS:

One of the biggest trends shaping the construction industry is the
autonomous building. According to Philippe Van de Maele, Director of
Innovation and Sustainable Construction at Bouygues Construction, the
autonomous building is a totally new approach to sustainable construction—
one that requires a complete shift in how we think about water, energy, and
waste. If the autonomous building is to take root, however, occupants will
need tools compatible with their lifestyles that let them efficiently manage
the consumption of scarce resources.
The Reli2 project was set up to gain a deeper understanding of exactly what
kinds of tools will be most needed by and useful to families in managing
their energy consumption and adjusting their day-to-day habits. The first
phase of the project involved determining what tools a family would need to
manage its energy consumption correctly. Unlike more traditional studies
that analyze the responses of focus groups during day-long sessions, the
Reli2 project focused on a real family in a real home over a much longer
period—a year—to dig deeper into the adoption (or failure to adopt) the
tools made available. The objectives of the study were to:
• identify autonomous-building occupants’ day-to-day habits and behaviors
•determine the best technical environment within the autonomous
building (in this case, from the point of view of an occupant of a singlefamily home) for dealing with limited resources
The demonstrator was put together using several systems that
communicated with one another using various protocols.

47

THE PROGRAMS

PULSE (USES OF INTEGRATED SYSTEMS
AND SUPPORT FOR COMPANIES) PROGRAM
• Communication with solar energy production (PV panels) and the SMA
storage system (battery) via Modbus (Modbus TCP between the central
EEE PC and Sunny Web Box; Modbus RTU between the Sunny Web Box
and the rest of the SMA equipment).
• Communication with the Schneider Electric Smartlink energy meters (on
the electrical switchboard), between the EEE PC and the Smartlink Acti9
Ethernet via Modbus TCP, and between the Smartlink TCP and the other
Smartlink Acti 9 RS485s via Modbus RTU.
An expert in the sociology of living spaces was brought in to complete
the sociological component of the study, which took place over fourteen
months. An intake interview was conducted just as installation of the
equipment was being completed (January–February 2015) to determine the
users’ day-to-day habits at the beginning of the study. Monthly interviews
followed and continued throughout the project. The research also included
two workshops to dig deeper into the family’s thought processes.
D. THE ENA PROJECT
The ENA (Equipement Nomade Autonome) project focused on developing
and building a life-sized, autonomous, mobile living space demonstrator.
The unit is self-sufficient in terms of water and energy, has communications
capabilities, and can be installed in less than 24 hours without heavy lifting
equipment. Research was conducted in 2015 as a prerequisite to designing
and building the demonstrator unit, which included an interconnected
technology enabling remote management. And, to meet the unit’s mobility
needs, a detailed study was carried out leading to the development of a
fold-out concept housed in two shipping containers, one for the technical
equipment and the other for the actual living space.
A Schneider Electric Homelynk system served as the gateway between the
KNX and Modbus networks, which contained:
• the Mastervolt battery and energy conversion system to collect battery
(charge status, temperature, power, etc.) and solar energy production
(power, energy produced) data, as well as data from the various alerts
available
• Schneider Electric Ledbox lighting control units (on/off switching and
dimming)
• the Millenium system to collect data from the fluids pod (water and urine
tank levels, valve status, and alerts)
The system gathers data from the environment’s sensors (temperature,
CO2, and humidity sensors; presence detectors). The data are then
processed and used to control load-shedding to reduce the unit’s electricity
consumption to an absolute minimum.
Overall, the system works as follows:
• The CO2 measurement has unidirectional control over ventilation to limit
losses.
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• The unit is switched on (heating, shutters, and other equipment) only
when in use according to a schedule.
• Certain loads are shed if battery levels are low; this feature is being
studied during actual unit use to continue making improvements.
• A web-based interface is available to manage occupant comfort
(https://193.48.18.249/ena).
• Remote maintenance features are used to monitor system status.
The demonstrator unit was set up on the MINATEC esplanade for nearly
two months in parallel to the Experimenta art, science, and technology
fair. Partnership development work resulted in an operation contract with
Zest, a subsidiary of Groupe Brunet set up specifically to further develop
and commercialize the concept and leverage the new knowledge created
during the project.
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DAMIEN COHEN

EASYTECH PROGRAM DIRECTOR

In France, small and medium-sized businesses
find it much more challenging to innovate than
large corporations. Even in regions that are home
to world-class R&D centers, smaller companies
encounter difficulties integrating the most
recent technologies—those most likely to deliver
sustainable competitive advantage—into their
products and services. Among the hurdles these
organizations must overcome are lack of a large
enough network, access to information on the
available technologies, confusion about where
to turn for funding and services, inadequate
support, the need for fast ROI (small businesses
simply cannot afford to innovate from the ground
up), not enough capital to invest in R&D, and no
in-house innovation and marketing know-how.
The Easytech program was developed to address
these unique challenges and bring advanced
micro and nanoelectronics and digital technology
R&D to small and medium-sized businesses with
the broader goal of helping these companies gain
access to the electronics and embedded software
technologies they need. The technologies
are developed at two IRT Nanoelec member
organizations, the French Alternative Energies and
Atomic Energy Commission (CEA) and Grenoble
Institute of Technology. The Minalogic cluster and
nonprofit organization Jessica France, two other
IRT Nanoelec members, are also involved in the
Easytech program. They provide support upline

and downline from the R&D services provided,
helping identify businesses that could benefit
from assistance and conducting an initial needs
assessment. When required, these partners also
raise companies’ awareness of the potential of
digital technologies and track the impact of R&D
projects on participating companies’ business
growth.
Participating companies receive consulting
services and can take part in facilitated creativity
sessions and R&D projects. And companies
across all industries can benefit—those in
electronics and IT, of course, but also businesses
in traditional industries like steel, mechanical
engineering, food, automotive equipment, and
lighting. These companies can leverage advanced
digital technologies, broadly recognized for their
potential to ensure the sustainable growth of
smaller businesses in all industries—to diversify,
enhance existing products, or improve their
manufacturing processes.
For practical reasons—existing ties between
Minalogic and the region’s small and mediumsized businesses and with regional innovation
organizations—, Easytech was implemented by
the Rhône-Alpes regional government at the
regional level. Today, the program is gradually
being expanded across France, with eight
additional regions now covered.

EASYTECH PROGRAM
The number of projects yearly engaged continues to grow from 5 in 2012,
31 in 2013, 44 in 2014 and reaching 46 in 2015; this shows the success of
the program and clearly points out Easytech is answering to a real need.
From the beginning of the program, it’s so 125 projects between IRT
Nanoelec and industrial companies which have been launched, involving
88 companies (83 are SME’s). And, in line with the program’s initial
objectives, participating companies represent all sectors of the economy,
even the traditional manufacturing industries.
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Easytech is financed by the French government’s economic stimulus
package and local governments across the Auvergne-Rhône-Alpes region,
for the benefit of the region’s small and medium-sized businesses.
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ARYBALLE TECHNOLOGIES
Aryballe Technologies was founded in Grenoble, France by a team of
scientists and entrepreneurs. Our main objective is to develop new
generations of universal sensors for a broad range of applications. We
leverage know-how in nanoscience, biotechnology, and the cognitive
sciences to develop innovative technologies, databases, software, and
devices to identify, measure, and replicate smells and tastes.
The Neosmia project set out to miniaturize an existing laboratory prototype.
A surface plasmon resonance imaging (SPRi) technique was used: The
sample of air to analyze is aspirated through a fluid chamber. One side of the
chamber is a facet of a glass prism coated with a layer of gold on to which
the ligand molecule “spots” forming the sensitive areas that demonstrate
varying degrees of affinity with the generating compounds in the air
sample are deposited. Surface plasmon resonance images are analyzed
via a CCD camera, which displays the intensity of interaction between the
ligand molecules and compounds in the air sample. These interactions
are unique to each blend of compounds—much like a fingerprint. Once the
air to be analyzed has been aspirated, “clean“ air (with no contaminants)
enters the chamber, causing the compounds to “detach” from the ligand
molecules, regenerating them. The “fingerprint” produced is compared
with those archived in the database, which sends back information on the
nature of the odor (by identifying the nearest match in the database of
common odors) and intensity (on an open-ended scale).
In the field of analysis by non-specific systems (electronic tongues/
noses), independent data analysis must be used (Lavigne et al. 2001).
Therefore, these systems are not very robust and difficult to reproduce.
However, the use of sensors based on a blend of chemical compounds in
various proportions produces continuous signals that can uniquely identify
complex substances.
According to sales forecasts for products developed as a result of the
Neosmia project, the company will run a preliminary launch—and start
generating revenue — in 2017. The company also plans to offer custom
development services leveraging its proprietary technology and offer
licensing contracts, for a supplementary revenue stream.
Prior to the Neosmia project, the existing prototype, which had been
developed and tested at joint research unit SRrAM, was still at the
laboratory prototype stage: it had not been integrated or mounted in a
chamber and could not be transported. A fully-operational integrated and
portable demonstrator system was built, and the results are encouraging
for a future, industrially-manufacturable version. The demonstrator
system is currently being tested with several research organizations and
manufacturers.
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In addition to helping sufferers of anosmia (loss of sense of smell), the
technology could also be used in medical diagnostics and consumer
electronics, as well as the fragrance and aroma, food, environmental, and
industrial gas industries.
Aryballe Technologies is in talks with potential industrial partners for
the development of systems for fragrance and aroma quality control,
smartphone-integrated odor sensors, and devices for sufferers of anosmia.
Easytech is financed by the French government’s economic stimulus
package and local governments across the Auvergne-Rhône-Alpes region,
for the benefit of the region’s small and medium-sized businesses.

Watch video: https://www.youtube.com/watch?v=LbvvkHe1Weo
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IN&MOTION
In&motion develops smart security systems to protect people and
property. The company’s first product, an airbag vest, protects skiers in
the event of a fall. The vest’s integrated electronics determine the skier’s
exact position, determining whether or not a fall is happening. If a fall is
detected, the airbag deploys automatically.
The company also researched the feasibility of adapting the technology
to drones. Hardware and software development work was completed
and a demonstrator system was built during the project. The hardware
includes an embedded system with three sensors — GPS, inertial, and
a barometer—to determine the drone’s status. An STMicroelectronics
STM32 microcontroller is used to process data from the sensors. The
system can send the data to an on-the-ground HMI and includes Xbee
long-range transmission capabilities. The system is also equipped with a
high-brightness LED and audible buzzer alarm system, which is triggered
in the event that a problem with the drone is detected.
The embedded software was developed in C, and can process the data from
the sensors. It also manages data transmission (transmission of sensor
data and receival of commands like changes to the airbag deployment
threshold). The software on the control PC, developed in C#, ensures that
the data from the embedded electronics can be received via the electronics
on the ground and displayed for users. The HMI provides an at-a-glance
overview of the drone’s status. The software also backs up all data received
as a .csv file, enabling post-mission data analysis.

Watch video: https://www.youtube.com/watch?v=g8P0quoacO8
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IRLYNX
Detecting the presence of human beings and determining their behavior is
useful in a broad range of applications. Irlynx connects human users with
big data systems and links the real world with the world of smart objects.
Whether it is at home, in the car, on the street, indoors or outdoors, day or
night, or sitting or running, Irlynx’s unique human perception solutions can
help provide enhanced services, richer interaction, more reliable security,
and energy savings.
The purpose of this project was to develop a pyroelectric, or “IR motion“,
sensor technology P(VDF-TRFE) for fabrication on Leti’s 200 mm silicon
line. The process was mature for industrial-scale manufacturing on
150 mm silicon (manufactured by Atmel). However, there were a few
technological hurdles to overcome specific to scaling up PVDF to 200 mm:
PVDF coating and etching, making contacts.
The project involved two phases. During Phase 1, which was completed in
2014, the researchers focused on improving Leti’s PVDF coating equipment
(ACS200) and developed a PVDF coating technology. They also set up an
electrical PVDF characterization bench. Phase 2, in 2015, concentrated on
fabricating, improving, modelling, and characterizing the pyroelectric IR
matrices.
The project advanced up to complete integration (onto a test circuit and
two CMOS sensor designs, one for fingerprint detection and the other an
IR detection matrix). The performance of these simplified systems was
characterized for 3 µm–5µm (MWIR) and 7 µm–14µm (LWIR).
The technology will be of interest to the advanced, low-cost IR detector
markets where manufacturers need systems capable of distinguishing
humans from their near environment and determining what activities
they are engaged in. Applications will include integration into systems for
smart homes and buildings, assisted living, security, automotive systems,
transportation, robotics, and more.
Irlynx currently employees fifteen people and expects to reach the 20
mark by the end of 2016. The company completed a first successful round
of fundraising in July 2014 and attracted €2 million in fresh capital in
November 2015. The company has completed two IRT Nanoelec Easytech
projects. “The projects brought us our first silicon process, bringing the
technology to where we needed it to be to go to investors,” said Irlynx CEO
Sébastien Fabre.
Irlynx’s website: http://www.irlynx.com/
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LUCIOM
Luciom, founded in October 2012, designs, produces, and sells light
fidelity (Li-Fi) communication solutions. Li-Fi is a wireless communication
technology based on the light spectrum. It uses LED light’s ability to switch
on and off quickly — faster than the human eye can see —to transfer data.
The startup’s goal is to provide point-to-point bidirectional IP Li-Fi
(wireless optical) access using the visible light emitted by LED lamps in
commercial buildings, ideally with relative mobility with regard to the user’s
modem. The modem can be used as an access point for “clean” highspeed communications (with no RF emissions) that are also insensitive
to electromagnetic interference. The broad range of potential applications
includes home-to-business high-speed access, hospitals, aerospace,
nuclear, and more.
The current state of the art is at the laboratory prototype or demonstrator
stage. Generally, these systems do not work with commercial LED lamps,
and require specific lamps, either at short distances or equipped with
lenses (concentrators or collimators) that make mobility impossible. The
Chatterbeam R&D project set out to develop the first-ever Li-Fi modem to
operate with commercial LED lamps and capable of providing high-speed
transmission (10 Mb/s) at distances compatible with indoor use (3 meters)
and that enable relative mobility for the receiver. The specifications for
the project included the development of two modems: a “lamp“ modem
and a “user“ modem operating over a bidirectional IP via the visible light
spectrum for the downward link and the IR spectrum for the upward link.
The target speed was 10 Mb/s for the downward link and 1 Mb/s for the
upward link at a distance of 3 meters for two to three
lamps of different powers pointed in different directions.
The target cost per modem was €80.
All of the planned research was completed. The
physical layer for the visible spectrum was enhanced for
compatibility with smaller, cheaper components while
maintaining transmission speeds of 7 Mb/s at 3 meters.
The downward link even achieved speeds of 20 Mb/s at
distances of up to 4m when used with certain lamps. The
target speed for the upward link was also reached (5 Mb/s
at 3 meters from the lamp). The system is fully operational
from one to fifteen users.
The technology will target any application in which Wi-Fi is
currently used. Low-speed Li-Fi is driving the emergence
of new uses, a trend that will gain traction with the advent
of high-speed Li-Fi. Market research indicates high
market penetration with unit prices under €40.
Luciom’s website: http://luciom.com/technologie/lifi-haut-debit-rd/
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VAPÉ RAIL
Vapé Rail International, founded in 1994 in Oyonnax, France, is today
a leader in rail infrastructure, rail fastening systems, tie repair, rail
equipment protection, and personal safety for the rail industry. The
company is currently venturing into connected objects—an innovation in
the rail industry—to develop a communicating helmet (personal protective
equipment). The goal is to design a new generation of helmet that is cheaper
than existing equipment and that offers new features like Bluetooth phone
capabilities, a portable power supply, and optimized short- and long-range
headlamp. The overriding objective is to improve comfort and safety for
the user.
The project entailed developing a demonstrator helmet (connected and
self-powering) to test on actual workers in the field facing real-world
safety hazards. The market is estimated at several hundred units per year
for a given industry. Cost will no doubt remain an obstacle, and further
improvements will be needed to ensure market penetration.
Vapé Rail requested an analysis of a low-cost version of the helmet (with
headlamp only) and a user-friendly power-supply system. While the design
work was being completed, a specific study of the integrated power supply
and appropriate battery technologies was carried out, looking at issues
like form factor, weight, and battery life.
An interchangeable Li-ion battery system was selected to ensure at least
five hours between charges when used at full capacity. The connector
is ergonomically-designed and water- and dust-tight. The battery is
protected from overcharging, over discharging, and short circuits. An
integrated charger indicates battery charge status throughout the twohour charging duration.
Two demonstrator helmets were produced. The first with headlamp only
(with two types of LED lighting). The short-range beam lets users talk
to each other at short distances without glare; the second has the same
features and integrates Bluetooth phone capabilities via an OEM module.
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The helmet can be purchased on the Vapé Rail website:
http://www.vaperail.com/objets-connectes/
Articles:
http://www.leprogres.fr/actualite/2016/01/05/
un-casque-pour-communiquer-eclairer-et-detecter-le-danger
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“IRT Nanoelec has set itself two key objectives: it must consolidate its
position as a leader in technological innovation, while ensuring that
innovations are deployed in value-generating products and services. In other
words, technological excellence must also keep a strong market focus, in
order to innovate throughout the value chain.
The Training Program combines the resources of an engineering school,
“Grenoble INP”, with those of a business school, “Grenoble Ecole de
Management”, to better anticipate the Industry of the Future and the
professions that will emerge tomorrow. This allows it to address three major
challenges.
First, it is essential to develop a medium and long-term outlook, so as to
anticipate technological, industrial and societal change and determine which
professions and skills will be critical in the future. Second, it is essential to
consider training as a lifelong process and to establish consistency between
initial training and professional development. Third, training methods have
shifted a great deal over the years: the expectations of learners are now
very different, in a world where information and education are just a click
away, where the capacity for innovation and entrepreneurship requires new
approaches blending knowledge, practical know-how and behavioral skills,
and where information technologies enable training processes and locations
to be reimagined.
IRT Nanoelec’s great strength lies in the complementarity of its members:
the involvement of companies and laboratories in the Training Program
allows these three challenges to be met with solutions that are both
ambitious and effective“.

“To meet these challenges, IRT Nanoelec’s Training Program is working in a
number of areas: speaking to companies regarding their skill requirements,
setting up modules that fulfil these needs and developing new learning
methods on a network of platforms.
More than 69 training modules were developed in 2015, of which 2,933
students and company employees took advantage. Project-based learning,
MOOCs and serious games are core components of this training, whether it
be technical or managerial. IRT Nanoelec trains individuals to be creative,
highly skilled and curious about their profession, to provide the companies
of tomorrow with the innovation and expertise in the micro-nanoelectronics/
digital & entrepreneurship domains they need.“

Through its training program, IRT Nanoelec must rise to the challenge
of offering companies better support in acquiring skills that are crucial
to improving competitiveness through innovation. This requires the
deployment of initiatives aimed at enhancing the competencies of
employees and the professional integration of young graduates. One of its
key objectives is to speed up and amplify technological advances and the
development of innovations by IRT’s partners, by enabling these firms to
bring on board new skills and adopt fresh practices.
To meet this challenge, IRT Nanoelec’s Training Program is focused on three main
areas: assembling a portfolio of new training modules, developing platforms and
learning tools allowing the development of new modules, and supporting and
enriching the Training Program through cross-disciplinary efforts.
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In 2015, the Training Program supplemented an initial survey on the skill
requirements of industrial firms in the
field of nanoelectronics, by performing a
survey of the latest needs of companies
specializing in security and the training
already on offer in this field. The survey’s
results revealed the need for both
ongoing training (Cyber Security Officer /
Security and Information Risk Manager)
and initial training (additional topics
within engineering courses), within
the scope of which “Grenoble INP” and
“Grenoble Ecole de Management” will
be conducting pedagogical engineering
as of 2016, in conjunction with partner
companies and the relevant professional bodies.
New facilities and training modules have been deployed at the Training
Program’s technology and learning platforms (CIME-Nanotech for
nanoelectronics, Esynov for smart systems, Ensimag Fablab for intelligent
objects and Predis-MHI for energy and smart homes).
Among the innovative learning tools that have enabled the development of new
training modules catering for the needs of companies within the ecosystem,
the «Future-Driven Business Innovation» MOOC, conducted in 2015, reached
a wide audience of professionals and raised their awareness of the importance
of boosting competitiveness through technological innovation.
Ongoing training remains a major lever for the development of skills
and professional mobility. For instance, the Technical Manager program
allows experienced technical employees of partner companies to access
management roles with a strong innovation component. Meanwhile, the
Strategy seminars, which were created in conjunction with ST, allowed
managers at every level of the company to better understand the links
between innovation and competitiveness.
The IRT Formation training center is a powerful tool that enables partners
to develop their competitiveness, as demonstrated by the creation in 2015
of two chairs focused on industrial excellence: the “Trust in Systems“ chair,
which is geared towards increasing the robustness, confidentiality and
quality of smart systems, embedded systems and information systems,
and the “3D-MID Plastronics“ chair supported by Schneider Electric, which
is working to develop systems featuring plastics equipped with intelligent
properties, the emphasis being on printing techniques.
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The development of new technologies, connected embedded systems
in particular, is growing at an ever faster pace in all sectors of industry
and consumer applications. In an era defined by the “internet of things“,
“cloud computing“, M2M (Machine to Machine) communication and
“cognitive radio“, technology platforms like Esynov, which specializes in
smart systems, enable the development of new training modules that
equip young graduates with the additional skills that companies seek.
Furthermore, the constant evolution of applications and the blending of
these technologies now require companies to engage in cross-disciplinary
projects, even if their expertise is confined to a single field.
IRT Nanoelec has put in place a number of new training modules, thanks
in part to the Esynov platform.
One such course, the 96-hour “Smart System Projects“ module, has
made it possible to assess and reinforce the skills of student engineers
in the development of multidisciplinary systems, by asking them to create
a real or virtual prototype through a combination of various disciplines.
This module also develops the autonomy of students and their capacity to
innovate by working in teams comprising different areas of specialization.
One of the projects focused on what is becoming a key topic for IRT Nanoelec
and will be more and more covered at the Esynov platform: security. The
team of students that led the project was keen to show that computer
malware can use the debug port (used by developers when building an
application) to access protected system data. An initial SoC was developed
featuring basic firmware and different protected areas (keys, boot ROM,
etc.), together with an application demonstrating how the debug port can
be used to access protected data. The students invested a great deal of
effort in the project and were very happy to be able to work autonomously
and in cross-disciplinary teams. The teaching staffs found the results to
be extremely interesting and are now planning to set up common slots for
students from all courses, from the very start of the project.
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To support the industrial fabric of the Rhône-Alpes region by supplying it
with the integrated system design skills it requires, a new training module
aimed at all professions involving design was launched. The “Integrated
System Design Apprenticeship“ module is the only course that enables
students to form a project team, design their own silicon chips and test
these chips once they have been manufactured.

EDUCATION & TRAINING PROGRAM

APPRENTICESHIP-BASED ENGINEERING TRAINING
ON THE DESIGN OF INTEGRATED SYSTEMS

The module’s main objective is to equip students with comprehensive
knowledge of the design and testing of integrated radio communication
circuits and systems, by placing students in a context identical to that
found in industry in terms of the test protocols and equipment used. United
around a collaborative project to design a complex integrated system,
students put into practice every aspect of microelectronic design.
Founded upon a skills-based and business-oriented approach (the test
engineer role, systems, digital design, software-hardware interface,
analogue design, CAD tool support), with 1,710 hours of training over three
years, the module is unique because it trains students to manage a design
project from top to bottom, from system design to characterization. This
project continues in the 3rd year with the testing of circuits designed as
part of the 2nd year design project. Three practical courses on analogue RF
testing (one of which uses a probe station) have thus been developed and
implemented using IRT resources. The students are very pleased with the
skills provided to them in the areas of microelectronic design and testing.
Companies are also involved in organizing the training: the apprenticeship
manager provides technical assignments, ensures their consistency,
aligns academic input with the requirements of the assignment, helps the
apprentice to access resources and assesses the apprentice’s progress in
conjunction with the academic tutor.
Numerous partners have contributed
to the course’s development, including
the Rhône-Alpes Regional Council,
the Dauphiné Training Centre for
Industrial Apprentices (UDIMEC), ITII
Dauphiné Vivarais and Grenoble INP
Phelma, as well as companies from
the sector that provide assignments
throughout the duration of the
training, some of which are partners
of IRT Nanoelec and/or members of
IRT Nanoelec Formation’s strategic
committee:
Dolphin
Integration,
ISORG and STMicroelectronics.

Low-noise RF
amplifier

RF power
amplifier

RF transmitter
with complex
modulation

Example of a chip designed by 2nd year students
during their fourth semester
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PRINTED ELECTRONICS
Printing processes offer a very cost-effective
way of transferring material and rendering large
surface areas functional.
In 2012-2013, IRT Nanoelec’s training center
created a new printed electronics module as part
of the training dispensed to the student engineers
of Grenoble INP-Pagora. The module equips
young graduates with many of the additional skills
now required by companies, thus improving their
prospects in a rapidly growing sector: the market
is expected to be worth $89 billion by 2020 (*).
Taught over 50 hours, the module teaches students about the basics of
electronics, materials for functional printing and the applications of
printed electronics, as well as enabling them to build electronic devices
(RFID antennae, measurement of electrical properties, etc.).
The module is supported by a number of industrial firms, not least ISORG,
which contributed to the module’s development by initiating discussions
about a training program covering the topics lacking from the current
training offer.
The module was awarded the new Printed Electronics and Functional
Printing certification sponsored by the Inter-sector Paper and Cardboard
(IPC) confederation, which allows for the creation of new ongoing training
modules tailored to the needs of businesses.
The feedback from the first batch of graduates has been very positive: of
the first 22 students to graduate in June 2014 and the 18 who answered
the CGE (Conférence des Grandes Ecoles) survey, 12 declared that they had
found employment, four were pursuing their education, one was completing
a PhD and one was setting up a business. Among those in employment,
90% hold a management position and 75% work in industry (the wood
sector, printing, manufacture, maintenance and installation of equipment
and machinery, etc.). The majority of the companies they work for have
more than 50 employees and tend to recruit students within the scope
of final internships or through
apprenticeships. Over 90% of
young graduates say that their
training has prepared them
extremely well for their current
professional role (in terms of
their level of qualification and
the sectors covered). This is a
module with a bright future!

(*)LPC, Benchmarking and Worldwide Market Trends for Flexographic Printing,
PRIMIR/NPES, Inc. PO Box 400. Bristol, ME 04539(2010)

64

IRT NANOELEC / 2015 SCIENTIFIC & TECHNICAL HIGHLIGHTS

This program, which can be accessed online, makes it possible to reach
a wide range of businesses involved in nanoelectronics and its fields of
application, so as to highlight the importance of competitiveness through
technological innovation. The “Future-Driven Business Innovation“
MOOC, which was finalized and implemented in the first quarter of 2015,
contributes to IRT Nanoelec’s attractiveness and visibility, both in France
and abroad, as demonstrated by the profile of participants: 60% of those
who registered are not French and 80% are professionals in employment
seeking to constantly develop their skills.
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FUTURE-DRIVEN BUSINESS INNOVATION MOOC
(MASSIVE OPEN ONLINE COURSE)

Training Objectives
Learning to detect and exploit innovation opportunities so as to create new
products and services.

“In 10 years’ time, a tennis racket could be used to test a person’s power or
play against an opponent on the other side of the planet. In 20 years’ time,
the pressure cooker may no longer exist or it may have been transformed
into a customisable, shared and healthy nutritional experience“, explains
Sylvie Blanco, technology management professor at Grenoble Ecole de
Management.
“This MOOC invites participants to look at products and services through the
prism of smart technologies, the objective being to constantly innovate and
reinforce the competitiveness and long-term viability of companies“, adds
David Gotteland, marketing professor at Grenoble Ecole de Management.
Training content
This MOOC comprises four chapters: Defining the innovation required
to generate long-term growth; Setting out the ambition to innovate;
Generating and selecting ideas for new products or services.
The course alternates between theory classes and practical exercises
(with weekly quizzes and essay-style homework to be assessed by peers).
It also involves participants in the enrichment of its content. Participants
must write a brief and vote for one another’s submissions. This leads to
the publication of a collective work on the topic.
Target audience
Designed for a wide and diverse audience, from
secondary school students to company managers,
from the curious to the professional, this MOOC is
designed primarily for companies and individuals
(students and managers) with previous knowledge
of innovation management (master’s level).
For more information: https://www.youtube.com/
watch?v=AsIfDq8HEu8
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TECHNICAL MANAGER
Co-constructed by GEM, Grenoble INP and partner companies of IRT
Nanoelec (including ST Microelectronics and Schneider Electric), the
“Technical Manager“ ongoing training program has two key objectives:
• Developing the skills of local companies, thus enabling them to manage
innovative projects in the field of nanoelectronics and its applications
• Enhancing the careers of employees by facilitating the mobility and
professional advancement of engineers and managers.
At the interface between engineering sciences and management
sciences, the program allows experienced engineers to access Technical
Management positions in the specialist fields of micro/nanotechnology and
energy system efficiency (one of the key applications of nanoelectronics).
A Technical Manager must exploit his or her technical expertise in a role
that requires them to steer innovation processes based on technological
excellence, team management and an understanding of market and usage
trends.
Once they have completed this 650-hour module, participants are capable
of developing optimal technical solutions, aligning their projects with
company strategy and using their technical skills in the fields of micro/
nanotechnology and related applications, not least through the “PREDISMonitoring Habitat Intelligent” technology platform deployed by the IRT’s
training program.
The project assigned to the module’s participants involves the development
of an innovative service solution to better manage energy and the
environment in general. The trainees organize themselves into teams of
around four people and work in “start-up“ mode. At the very minimum,
the solution put forward must feature a box and a set of sensors, and must
lead to the creation of a prototype demonstrating the concept. Various
management and communication tools are used: sectoral analysis and
market surveys, project management, costs and budgeting, etc.
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