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Since its inception in April 2012, IRT Nanoelec has rolled out a broad range of
programs that address the development of silicon component technologies.
Back in 2012 the 3D integration of electronic chips and silicon photonics were
seen as disruptive. After a first phase focused on fabrication processes, computeraided design software, and testing methods whose the developments have
been validated via the realization of t complex demonstrators.. Going forward,
a large proportion of these activities will be devoted to technology transfer,
with more advanced investigation of how the technologies developed apply
effectively to use cases to address application challenges. This is of course,
achievable only if we maintain our knowledge base at the state of the art. In
2018, the number and quality of scientific articles published and papers given
at international conferences—some major—are a testament to the substantial
results we have obtained. Based on these achievements, we are confident in
our ability to address this next phase in our development and to expand the
use of the potential offered by our technologies to our partners so that they can
continue to deliver the most advanced solutions to their customers.
Still in the field of innovative component development, our new GaN/Si power
electronics program that kicked off in 2017 generated the first results in 2018
that have been published in several papers at international conferences.
In 2018, IRT Nanoelec initiated several actions, which the goal is to lay the
groundwork for our future process and component characterization program
in partnership with Grenoble’s large scientific instruments (the synchrotron
and neutron beamline). We implemented “open-access” services that will
leverage the research completed to date and started work on the radiationresistance testing of electronic components, a topic that will become critical in a
broadening range of applications. Our aim is to position IRT Nanoelec as one of
Europe’s leading centers for this type of characterization.
Our Easytech program to transfer new technologies to companies and,
especially, SMBs from all industries continued to grow in 2018 with a total of 28
new projects established throughout the year. The PULSE program made some
notable achievements, in particular in the field of autonomous vehicles. The
program’s research was featured in several international publications. PULSE
also pursued its transition toward digital trust for object-to-object connectivity
technologies.
Finally, the development of “human capital” via the training constantly adapted
to meet the needs of industry stakeholders is especially taken into account in
the IRT Nanoelec. We made a major shift in 2018, getting our industrial partners
even more involved in identifying the occupations facing recruitment difficulties
in which a new dynamism has to be infused at the level of training providers ,
and also the concrete participation to develop new course modules. We plan to
continue to move in this direction to increase the direct short-term contribution
from IRT towards its partners in the development of their human capital.
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20

partners in the
consortium
Integration
of two new
partners in 2018:
Akéoplus and
Easymile

30

220

affiliate partners
engaged in or having completed joint
projects with IRT Nanoelec, (these
partners include 169 SMEs and
17 partners in countries other
than France)

In 2018,
new affiliate partners,
including 23 small - to
Mid-sized Enterprises,
kicked off joint
projects with IRT
Nanoelec

59

million
annual mean
operating budget in
2018

IRT NANOELEC
2018

249

FTE (full-time equivalents)
engaged in IRT Nanoelec
projects in 2018

4

141

patents
filed and 20 software
applications registered
companies

created to develop
and commercialize IRT
Nanoelec R&D

354

scientific and
technical articles and
papers published

In 2018 IRT Nanoelec
researchers published
In 2018 IRT
Nanoelec filed

33

patents
and registered
7 software
applications

75

scientific and technical articles
and papers, more than 30 %
of which were in international
journals/at international
conferences.
Participation in 22 EU projects.
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3D INTEGRATION
PROGRAM
Highlights 2018 and Benchmark

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 much as possible
but developed to be compatible with some specific applications.
Development is focus around 3D technologies for Imager and for High
Performances Computing applications.
It requires experience and common work in technology, circuit
architecture, EDA tools, packaging and test. This is essential to pool
the expertise and efforts of ST Microelectronics, Mentor (A Siemens
Business), CEA-Leti, EVG and SET.
In 2018, the efforts of the partners have been granted by the successful
integration of the worldwide first 3D Imager proof-of-concept at a bonding
pitch of 1.44µm, where industrial published state-of-the-art is in the range
of 3µm to 4µm. This great accomplishment, published at IEEE IEDM major
conference, is the result of strong collaboration on design, technology
and packaging. This early achievement paves the way for disruptive 3D
concept in the Imager domain, and may lead to industrial success in the
future for STMicroelectronics, EVG or Mentor A Siemens Business.
Another success in 2018 is the realization of the Active Silicon interposer
IntAct, whose results will be published in 2019. This successful integration
arrived simultaneously with the announcement of major players in
HPC domain (AMD, Intel), who both announced the revolution of the
Computing with innovative 3DIC concepts such as active interposer.
Finally, I would like to point out that the role of our program is also to
support French industry more specifically SME or start-up. SET joined
the 3D consortium in 2015 and developed since then a new equipment
for an innovative Chip-To-Wafer direct hybrid bonding technology. The
results so far are very promising, and more and more payers in the field
are interested by this technology. IRT Nanoelec is proud to participate in
the development of SET.
On the strength of all these developments and results, the 3D Integration
program is now opening up its consortium to new partnership and
broadening its field of expertise and application.
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PASCAL METZGER
CEO SET
SET is an equipment supplier for semiconductor industry since 1975 and has
acquired a long experience developing high precision flip-chip bonders for
40 years. Its competences are worldwide recognized for sub-micron postbond accuracy, its versatile equipment performing thermocompression and
other various assembly processes, as well as its precise process parameters
control like force, temperature or gap and parallelism between chips and
substrates.
Among several projects to enlarge its portfolio and continuously improve
its existing equipment, SET has decided in 2014 to develop a new flip-chip
bonder dedicated to high volume manufacturing. Wishing to work in a
multi-partners environment, SET has joined IRT Nanoelec end of 2015. Such
collaboration allows to design all the adapted options and configurations
useful to direct bonding applications for, firstly researchers, and secondly
production people and to fully qualify it. After the installation of the beta
tool and the beginning of harvesting results in direct bonding, several
publications have been done in various conferences. One of the latest
was in September 2018 at ESCT in Dresden, Germany, and contributed to
increase SET’s visibility.
Results are promising, industrialization of direct bonding process appears
feasible, envisioning new markets shares and future additional revenues.
Team has been reinforced and in particular, three new engineers have joined
SET working specifically on this project. Being accompanied by BPI France
and labelized “BPI Excellence”, SET has already launched two additional
machines derived from this new beta tool and development opportunities
are very promising.

Academic

testimonial

JEAN-RENÉ LEQUEPEYS
CTO CEA-Leti
Based on a design to technology approach, CEA through IRT Nanoelec has
acquired with all the partners large technical skills around 3D integration.
CEA has developed in collaboration with ST and EVG strong knowledge on
wafer-level hybrid bonding leading to significant progresses beyond stateof-the-art on 3D technologies for imagers.
The level of expertise acquired has been recognized through the acceptance
of a publication at the IEDM conference in 2018, probably the most selective
conference in the range of Nanotechnologies and Microelectronics topics.
Clearly, the IRT consortium is at the worldwide state-of-art on this technology
for Image Sensor, and CEA is proud to participate to the valorization of
those development efforts towards economic impact through EVG, Mentor
and ST. During 2018, CEA has also completed the integration of the Active
Interposer IntAct. Here again, CEA is at the state-the-art, and the recent
released from Intel on a similar concept also proves the pertinence of CEA
experts towards the novel “chiplet concept”.
On the strength of all these developments and results, IRT 3D program is
now opening up the consortium to welcome new partners and to broaden
its field of expertise in order to address broader field of applications.

3D INTEGRATION
PROGRAM

Key publications
in 2018
L. Arnaud, S. Moreau, A. Jouve, I. Jani, D. Lattard, F. Fournel, C. Euvrard,
Y.Exbrayat, V. Balan, N.Bresson, S. Lhostis, J. Jourdon, E. Deloffre,
S. Guillaumet and A. Farcy “Fine pitch 3D interconnections with hybrid
bonding technology: From process robustness to reliability” International
Reliability Physics Symposium Conference (IEEE IRPS), March 11-15, 2018
Burlingame (USA)
This paper presents the description of direct hybrid bonding technology for the
fabrication of vertical interconnects thanksto wafer-to-wafer bonding. Process
robustness is analyzed through morphological and electrical results. Electrical results
with 3.6 μm wide HBM pads integrated on stacked test vehicle with multiple BEOL
levels provide 100 % yield and reproducible process. Reliability analysis shows that
direct Cu-Cu bonding interface is very robust against electromigration
failure and humidity storage. Experimental tests provide the parameters for
lifetime extrapolation and show that the hybrid-bonding module is immune to
electromigration failures. Finally perspectives and key challenges for 3D interconnects
scalability are given.

F. Fournel, H. Moriceau, V. Larrey, C. Morales, C.Mauguen, C. Bridoux and
F. Rieutord “From direct bonding mechanism to 3D applications”
International Interconnects Technology Conference (IEEE - IITC), March 11-15,
2018 Burlingame (USA), June 04-07, 2018 Santa-Clara (USA)

3D interconnects
with direct hybrid
bonding

The silicon or silicon dioxide direct bonding is now well established and direct bonding
using metallic surfaces starts to be investigated.
This paper demonstrates the direct bonding mechanisms. It is then interesting to
note that both silicon oxide and copper hydrophilic direct bonding mechanisms are
quite compatible. Using a low post-bonding thermal annealing around 300°C, both
hydrophilic interfaces lead to defect free and strengthened bonding interface. These
hybrid bonding techniques pave the way to high-density interconnection bonding for
3D applications.

9

10

3D INTEGRATION
PROGRAM

H. Metras, P. Batude, E. Beigne,
S. Cheramy, A. Jouve, C. Reita,
A. Valentian and P. Vivet
“3D Advanced Technologies For
Neuromorphic Architecture”
European 3D TSV Summit – January
22-24, 2018 Dresden (Germany)
The paper presents the use of 3D
technologies for deep neural networks
and AI algorithms. How stacking
two double layers of logic and
RRAM memories can mimic cortical
columns? Hybrid bonding fine pitch
and / or monolithic integration can 8
answering the requirement for 3D high
density. We need to continue reducing
power consumptions for embedded
applications.

A. Arriordaz “Designing and implementing the packaging
technologies of the future”- European 3D TSV Summit – January
22-24, 2018 Dresden (Germany).
The paper presents the new challenges for design and verification with
high density advanced packaging evolution (as SiP, 2.5 / 3D integration
…). Calibre™ 3DSTACK software from Mentor Graphics is a proven
approach for new high-density design package verification.

S. Fadloun, D. Stephens, E. Blanquet, Th. Mourier, I. Nuta,
C. Jones, S. Burgess, L. Vandroux «Low Temperature FluorineFree MOCVD Copper Seed Layer Deposition for High Aspect
Ratio TSVs for 3D Integration” Materials for Advanced
Metallization (MAM 2018) – March 18-21, 2018 Milano (Italy)

CooCube™ on CoolCube™
integration

The paper presents a new MOCVD pure copper process developed on
300mm wafers to fulfil 3D Through-Silicon Via (TSV)
interconnect criteria. A copper seed layer deposition was done on
TiN barrier film using a fluorine-free organometallic precursor, the bis
(dimethylamino-2-propoxy)copper(II) Cu[OCHMeCH2NMe2]2. Argon is
used as carrier gas and H2 and/or H2O as co-reactant. Using MOCVD
technique at low temperature 175°C, the high purity, low stress copper
film provides a, strong adhesion on TiN barrier with a good conformality
for subsequent Electro-Chemical Deposition (ECD) for high aspect ratio
TSVs. The thin copper seed layer was successfully morphologically
integrated on 300mm wafers with 10μmx100μm TSVs.

Exploring the value of stacking two
double layers of logic + RRAM stacks
TSV 10μmx100μm
ECD FIB-SEM
X-section

3D INTEGRATION 11
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P. Coudrain, J.-P. Colonna, L.M. Collin, R. Prieto, L.G. Fréchette,
J. Barrau, G. Savelli, P. Vivet, Q. Struss, J. Widiez,K. Vladimirova,
K. Triantopoulos, H. Beckrich-Ros, M. Vilarrubí, G. Laguna
H. Azarkish, M. Shirazi and J. Michailos “Shaping circuit
environment to face the thermal challenge: State-of-the-art
technologies from low to high power electronics” - Invited
paper - Very Large Scale Integration Conference (IEEE-VLSI
2018), June 18-22, 2018 Honolulu (USA)

Microfluidic patterns a) uniform
microchannel b) pin fins c) narrow
localized microchannel for hotspot
d) wafer-level 1X multi-pattern
trials

This paper describes evolutions of circuit environment to face an everincreasing thermal challenge, from early design stage down to the final
package. To illustrate this critical concern, we give a portrayal of state-of-theart technologies and concepts used for efficient thermal management from
low to high power electronics with an emphasis on hot spot management.
Developed technologies such as self-adaptive microfluidics brings nearjunction cooling schemes that are able to face the thermal challenge of
future low to high power heterogeneous systems where circuit functionality
and power handling will constitute time-to-market key differentiators.

A.Garnier, R. Franiatte, S. Moreau, F. Bana, Q. Brasi and
L. Arnaud « 20µm pitch microbumps assessment in chip to
wafer assembly configuration » - Minapad conference 2018,
May 16-17, 2018 Grenoble (France)

Process flow for Cu/Ni/SnAg micro
bumps fabrication

Interconnects (micro bump based) with 20 µm pitch have been
fabricated on 300 mm wafers using industrial tools. Assembly has been
studied with chip to wafer (CtW) test vehicles by either mass reflow
(MR) or thermo-compression (TC) with or without non-conductive
paste (NCP). Cu/Ni/SnAg microbumps have been use and prove to be
very stable up to minimum 5 reflows and 2000 h at 150°C. MR and TC
processes result in suitable Chip to Wafer alignments without significant
defects at bonding interface. These results are promising for future high
performance computing products that would require 20 µm pitch micro
bumps.

P. Metzger, N. Raynaud, A. Jouve, N. Bresson, L. Sanchez,
F. Fournel, S. Cheramy « Direct bonding with a new flip-chip
bonder for production environment” - Minapad conference
2018, May 16-17 – Grenoble (France).

SET Bonding equipment
in cleanroom

The purpose of this paper is to demonstrate the performance of a fully
automated Die-to-Wafer bonder, SET FC1, which has been specifically
designed for direct bonding. Following the description of the elements
developed for direct bonding, among them the loader, it will be shown
that a throughput of several hundred cycles per hour, up to 500 dph
(dies per hour) can be reached with an accuracy of ± 1µm. If progresses
are still necessary, the particle contamination remains sufficiently low
for demonstration of oxide/oxide Die-to-Wafer direct bonding.
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S. Cheramy, A. Jouve, C. Fenouillet-Beranger, P. Batude, M. Vinet “3DVLSI,
Technology and Application” Invited paper - SOI-3D-Subthreshold
Microelectronics Technology Unified Conference (IEEE- S3S), October 15-18,
2018 San Francisco (USA).
This paper presents two 3D-high density (with 3D interconnects pitch around or
below the µm range) schemes using on one side direct hybrid bonding and on the
other side one monolithic integration. Both integrations are described and status are
given. A technology/application roadmap is proposed positioning both integrations
and showing that they offer complementary approaches to tackle most of today
challenges in terms of cost, area, power and performance.

CoolCubeTM integration
P. Metzger “Die to wafer
equipment for direct bonding
in production”- 3D VLSI open
Workshop, October 16, 2018
Burlingame (USA)

Overview of the application of 3D
sequential integration and description of
the adapted device technologies

S. Cheramy “The future of 3DVLSI technologies” - Semicon West – Technical
session in Tech Arena – July 11, 2018 San Francisco (USA)

This paper presents the actual
characteristics of the SET die-towafer equipment using for direct
hybrid bonding in production.
Improvement of the tool is in
progress on alignment precision,
throughput and cleanliness.

P. Leclaire “High Density Advanced Packaging - Sign-off and Verification
solutions” - D43D Workshop - Leti Innovation Days July 2, 2018
Grenoble (France)
Die to Wafer bonding
on SET

Mentor Graphics is able to provide design package solution for high density
advanced packaging.

3D INTEGRATION
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S. Cheramy “The future of 3DVLSI
technologies”- 3D VLSI open
Workshop, October 16, 2018
Burlingame (USA)

Q. Struss, P. Coudrain, J.Ph. Colonna, A. Souifi, Ch. Goutrand and L. G.
Fréchette “Theoretical Study of Miniaturization of a Silicon Vapor Chamber
for Compact Microelectronics” - 24th International Workshop on thermal
investigations of ICs and Systems (Therminic) - September 26-28, 2018
Stockholm (Sweden)

This paper presents the different 3D
VLSI integrations developed at Leti in a
frame of IRT Nanoelec (3D parallel and
3D sequential technologies). Wafer to
wafer bonding allow to explore ultrafine
pitch hybrid bonding (< 500nm)
whereas die to wafer bonding allows
architecture partitioning of complex
computing chips.

This work aims to investigate the potential miniaturization of devices for integration
on the backside of mobile device chips, located as close as possible to hotspots.
Analytical models are used to predict the operating limits of water filled micropillarbased SVCs. The results show that such 1 × 1 cm2 SVCs thinner than 200 μm thick can
operate below 10 W and the corresponding design is presented. Optimum micropillars
diameter / spacing ratio of 2 and wick thickness / internal height between 0.25
and 0.31 have been identified. A compatible layout of internal support pillars is also
studied in order to insure sufficient mechanical resistance in the case of thin walls.

S. Cheramy “The Future of Chip-toWafer Stacking Technologies”- Leti
Workshop@Semicon West – July 10,
2018 San Francisco (USA)

H. Jacquinot, K. Morot, T. Lacrevaz, R. Velard, R. Ségaud, A. Farcy, B. Flechet,
L. Arnaud, J.C. Barbe and S. Cheramy “RF characterization, analysis and
miniaturization impact of RDL interconnects” – Electronics Components and
Technology Conference (IEEE-ECTC) May 29 – June 1, 2018 San Diego (USA)

This presentation shows that Die-toWafer technology is most cost effective
than Wafer-to-Wafer approach from an
architecture point of view.

This work aims at providing a RLCG modeling and performance optimization
of Redistribution Layer (RDL) in a non-HR substrate up to 67 GHz. Similarly, to
TSVs, standard parasitic extraction CAD tools cannot assess RDL modeling. We
present complementary measurement and electromagnetic (EM) finite element
simulation approaches to provide an accurate modeling over frequency. Finally, a
promising solution for non-HR substrate and high-density interposer is proposed to
simultaneously reduce substrate thickness and RDL line width, even in the presence
of a 3D ground BEOL plane.

S. Cheramy “The Future of 3DVLSI
Technologies” 51st International
Symposium on Microelectronics
(IMAPS), October 9-11 Pasadena
(USA)
This paper will describe the key process
steps to achieve 1µm of pitch for a
Wafer-to-Wafer integration. Additionally,
we are convinced that Die-to-Wafer is
of high interest for advanced nodes die
stacking or for interposer. This paper will
also describes the flow to achieve a dieto-wafer integration, the challenges in
regards to a Wafer-to-Wafer integration.
In particular, the recent work achieved
with the equipment supplier SET will be
highlighted.

Schematic of the 3D
interconnects routing in
a multichip face-to-face
interposer

B. Paing, S. Cheramy, A. Jouve and L. Arnaud “Status on 3D stacking using
direct hybrid bonding” - 42th International Microelectronics Assembly and
Packaging (IMAPS Conference), September 23-26, 2018 Gliwice (Poland)
In this paper, partners of IRT Nanoelec will describe the key process steps to achieve
1µm pitch for a Wafer-to-Wafer integration. The other technical solution Die-to-Wafer
is of high interest for advanced nodes die stacking or for interposer. This paper will also
describes the flow to achieve a die-to-wafer integration, the challenges in regards
to a Wafer-to-Wafer integration and in particular, the recent work achieved with the
equipment supplier SET.
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S. Fadloun, D. Stephens,
P. Gergaud, E. Blanquet,
T. Mourier, C. Jones, S.
Burgess, A. Rastogi “MOCVD
Copper Metallization for HAR
TSV 3D Integration“ - 51st
International Symposium on
Microelectronics (IMAPS),
October 9-11, 2018 Pasadena
(USA)
The MOCVD deposition technique
used with this fluorine-free
organometallic precursor offers
very high conformality for high
aspect ratio TSV. A strong adhesion
was observed between the Cu
and the TiN barrier film. The thin
copper seed layer was integrated
in 10 μm x 100 μm TSV on 300mm
wafers.

E. Guthmuller, C. Fuguet, P. Vivet, C. Bernard, I. Miro-Panades, J. Durupt,
E. Beigne, D. Lattard, S. Cheramy, A. Greiner, Q. Meunier and P. Bazargan “A 29
Gops/Watt 3D-ready 16 Core computing fabric with scalable cache coherent
architecture using distributed L2 and adaptive L3 caches” - 48th European SolidState Device Research Conference (ESSDERC), September 3-6,
2018 Dresden (Germany)
TThe paper presents TSARLET, a general purpose 16-core computing fabric targeting 3D
TSV integration with a fully scalable cache coherent memory architecture, using distributed
L2-caches, and adaptive fault tolerant L3-caches. Implemented in 28nm UTBB FDSOI
technology, the circuit operates up to 1.15 GHz using adaptive clocking and provides
29 Gops/W in the 0.5-1.3V supply range.The chip’s performance is demonstrated using an
image filter application and an Open MP based Convolutional Neural Network (CNN) on
Linux.

C. Aumont, T. Mourier, M. Gottardi, C. Ribiere, G. Romero, S. Minoret, G. Guittet,
V. Mevellec and P-E. Philip “12:1 aspect ratio mid-process TSV integration and
electrical tests using advanced metallization processes” - 51st International
Symposium on Microelectronics, (IMAPS 2018) October 9-11,
2018 Pasadena (USA)
On this paper, we present the development of advanced barrier and seed deposition
methods to reach >10:1 aspect ratio TSV with a sufficient maturity to be integrated in a
production TSV middle process flow. The developments are focused on the electro-grafted
seed layer process and its integration in a standard process flow, including latest copper
filling chemistry and chemical reduction of copper overburden. Then, electrical results
including 10μm x 120 μm TSV are presented, showing a very encouraging yield and
excellent resistance distribution for TSV daisy chains up to 754 TSVs. The next developments
will consist in extending the technology to higher aspect ratio TSV (15:1 and more) in order
to propose a complete integration and easiest interposer packaging.

High AR TSV

Direct on barrier eGseed
deposition and Cu filling
of 10x120 μm TSV

P. Metzger, N. Raynaud, A. Jouve, N. Bresson, L. Sanchez, F. Fournel and S.
Cheramy « New flip-chip bonder dedicated to direct bonding for production
environment” - 7th electronics System-Integration Technology Conference
(ESTC) September 18-21, 2018 Dresden (Germany)
The purpose of this paper is to demonstrate the performance of a fully automated
Die-to-Wafer bonder, SET FC1, specifically designed for direct bonding dedicated to
production. An accuracy of ± 1 µm can be reached today with a throughput up to
several hundred dice per hour.
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I. Jani, D. Lattard, P. Vivet, L. Arnaud, E. Beigné «BISTs for post-bond
test and electrical analysis of high density 3D interconnect defects »
European Test Symposium (ETS 18) May 28 June 01,
2018 Bremen (Germany)
In this paper, two complementary tests and characterization structures
dedicated to high-density 3D-IC interconnects have been proposed. The
first test structure permits to measure the misalignment defect with a great
accuracy and the second to measure the RC delay of a periodic signal applied
to a daisy chain composed of 3D Cu-Cu interconnects. Using these tests, we
can determine, on the one hand, the impact of misalignment defect on the
propagation delay and on the other hand, we can detect full open and μ-voids
defects at the contact surface level. Tests will be in line with the ongoing IEEE
P1838 standard definition.

J.Jourdon, S.Lhostis, S.Moreau, J.Chossat, M.Arnoux, C.Sart, Y.Henrion,
P.Lamontagne, L.Arnaud, N.Bresson, V.Balan, C. Euvrard, Y.Exbrayat,
D.Scevola, E.Deloffre, S.Mermoz, A.Martin, H.Bilgen, F.Andre, C.Charles,
D.Bouchu, A.Farcy, S.Guillaumet, A.Jouve, H.Frémont and S.Cheramy
” Hybrid bonding for 3D stacked image sensors: impact of pitch shrinkage
on interconnect robustness” – 64th International Electron Devices Meeting
(IEEE- IEDM 2018) December 1-5, 2018 San Francisco (USA)
This paper presents a study of the influence of hybrid bonding pitch shrinkage on
a 3D stacked backside illuminated CMOS image sensor was performed from a
process, device performance and robustness perspectives, from 8.8 μm down to
1.44 μm bonding pitches. As a result, no defect related to smaller bonding pads
was evidenced neither by thermal cycling nor by electromigration, thus validating
fine-pitch hybrid bonding robustness and introduction for next generation image
sensors.
Pictures taken with 3D stacked
image sensor with hybrid bonding
pitch (a) 8.8 and (b) 1.4 μm.

C. Reita “Disruptive data treatment and related ICs” – Leti Devices
Workshop@IEDM – December 2, 2018 San Francisco (USA)
This presentation reviews technologies challenges for new computing by
proposing solutions to address fundamental functions as compute, store and
transmit.

Book chapters:
S. Cheramy, A. Jouve, C. Fenouillet-Béranger, P. Vivet, L. Di Cioccio “Toward Three-Dimensional High Density”
Integration in VLSI Circuits – Implementation Technologies and Applications – Chapter 7 - Pages 146 – 183
(ISBN 9781138710399)
L.-M. Collin, J-Ph. Colonna, P. Coudrain, M. R. S. Shirazy, S. Cheramy, A. Souifi, L. G. Fréchette
« Add-on microchannels for hot spot thermal management of microelectronic chips in compact applications”
TCPMT Volume: 9, Issue: 3 Page s: 434 - 445, 10.1109/TCPMT.2018.2874241
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BENOIT
CHARBONNIER
Silicon Photonics
Program Director

The Si photonics program of the IRT Nanoelec works towards the
design and integration of photonics components on Silicon for
a large panel of application fields ranging from high speed short
reach data communications for data centers and high performance
computers to sensing applications (Lidar and gyroscopes). This
program groups five complementary partners:
• Mentor Graphics, a Siemens Business: expertise on automated
design and layout verification, specific advanced photonics tools
•
ST Microelectronics: high maturity and performance 300 mm
photonics platform
• ALMAE Technology: expertise in design and production of III-V
wafers, high performance laser design
• CNRS-LTM: both expertise in technology optimization and III-V on
Si direct epitaxy
• CEA-Leti: highly flexible 200 mm photonics platform for advanced
R&D and hybrid integration, complex device/circuit design,
fabrication and characterization.
The second phase of the program (2015-2017) aimed at
strengthening these innovations and increase their maturity.
Finally, in the third phase, the program focuses on improving the
performance of several key technological building blocks (e.g. die to
wafer process) and devices (e.g. waveguides, lasers) and complete
maturity target levels for its photonic platforms.
However, we can highlight the demonstration of a 64Gbps MachZehnder Modulator, a key element entering in the realization of
next-generation 400GbE transceivers and the demonstration of an
extremely low loss and low reflectance fiber grating coupler with less
than 1.4dB of coupling loss. The progresses realized in the second
phase of the program have been successfully valorized through
the creation of a start-up company SCINTIL Photonics targeting the
design and fabrication of the optical engine for future transceiver
modules.
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testimonial
JEAN-LOUIS GENTNER
CEO Almae Technologies
“Almae Technologies is a spin-off of
III-V lab, a joint laboratory of Thales,
Nokia and CEA-Leti, established in
2016. The company is specialized
in ultra-high-speed laser and integrated laser-modulator transmitter,
from chip design to full flow wafer
manufacturing and device characterization, for Telecom and Datacom markets.
Almae owns an end-to-end platform
for III-V (InP) wafer manufacturing
and started serving the market with
qualified 10 and 25Gb/s products
in volume, as well as advanced chip
technology for next generation
of products operating at 50 and

100Gb/s on a single wavelength
channel.
Almae team brings complementary
skills to the Photonic program,
mainly on high performance laser
design, high temperature laser
operation being a specific challenge
to tackle, and back-end (III-V part)
fabrication in the prototyping
phase, but as well on III-V material
for wafer bonding to SOI for a
broader range of applications. In
this respect, Almae’s objective is to
collaborate with program members
not only on short reach datacom
product development, but also on
new sensing products targeting
customer-oriented
applications.
The strategic vision shared by Almae
is that of a universal integration

platform built around the key
assets of the Photonic program of
Nanoelec to disrupt the market with
closely integrated electronics and
photonics functions addressing a
broad range of product segments,
from
transceivers
for
short
reach ultra-high-speed optical
interconnect to integrated laser
and detector arrays for 3D sensing,
Lidar and more generally sensing
products in the eye-safe range
of the spectrum. The photonics
program is a perfect place to foster
cooperation between its partners to
share market vision and accelerate
product development to create
value for the long term”.

bandwidth. Research efforts are made
on the active and passive optical
components of the photonic circuit.
On the one hand, LTM is working on
an original approach of integration of
the III-V laser on the passive circuitry
of the silicon substrate. Contrary
to the current approach relying on
attaching III-V dies on Si by molecular
bonding, LTM targets epitaxial
growth of the III-V semiconductor
stack constituting the laser directly
on silicon in a localized manner. This
approach is extremely advantageous
in terms of cost. In parallel, LTM is
working on strategies to increase the
optical performance of the passive
components of the Si circuit. Notably,
LTM has proposed to introduce a
hydrogen annealing step after plasma
patterning of the Silicon waveguides
to smooth the sidewalls roughness,

the first factor responsible for optical
propagation losses. Smoothing the
Si sidewalls by hydrogen annealing
showed a spectacular effect, resulting
in a reduction of propagation losses
at the wavelength of 1310 nm by
nearly 50%, compared to the standard
process. This annealing step has
been integrated into the Leti silicon
photonics platform, which today
holds the new state of the art in terms
of optical losses with 1.1dB/cm for
strip guides and 0.11dB/cm in rib. This
process is currently being transferred
to the photonic platforms of one of
IRT Nanoelec’s industrial partners,
STMicroelectronics. By involving
public and private partners within the
same program, the research-industry
dynamic is intensified, thus ensuring
the diffusion of technologies in
companies.

Academic

testimonial
ERWINE PARGON
Engineer / CNRS-LTM
The “Laboratoire des Technologies
de la Microélectronique” (LTM), a
joint academic unit of the CNRS and
Grenoble Alpes University, has been
participating since 2012 in the Si
photonics program of IRT Nanoelec. Its
participation in this program offers the
opportunity to develop new research
activities and to participate in the
national growth of silicon photonics by
collaborating with public and private
leaders of this technology of the
future. Its overall objective within this
program is to propose to its partner’s
ways of optimizing the technological
processes involved in the fabrication
of integrated photonic chips on Si,
with a view to reducing their power
consumption and increasing their
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Key publications
in 2018
Ph. Rodriguez “Materials Challenges for III-V and Ge(Sn)-on-Silicon
Photonic Devices” - Strategic Materials Conference (Semi SMC),
September 25-26, 2018 San José (USA)
The paper reports the successful integration of hybrid III-V / Si lasers by wafer die
bonding. A CMOS compatible contacts are also be developed using CMOS compatible
metals (instead of noble metals).

K. Hassan, B. Szelag, L. Adelmini, B. Montmayeul, L. Sanchez, E. Ghegin,
P. Rodriguez, S. Bensalem, F. Nemouchi, T. Bria, M. Brihoum, P. Brianceau,
E. Vermande, O. Pesenti, A. Schembri, R. Crochemore, S. Dominguez,
MC. Roure and C. Jany “Technological advances on CMOS compatible
hybrid III-V/Si lasers in 200mm platform”- International conference on
Solid State Devices and Materials (SSDM), September 9-13, 2018 Tokyo
(Japan)
This paper reports on technological progress for a 200mm fully CMOS compatible
hybrid III-V/Si laser technology with a low access resistance and a reduced
III-V material consumption through die to wafer bonding. Two technological
features of key interest for hybrid IIIV/ Si laser were described. An enhanced
BEOL full CMOS compatible was demonstrated with a serial resistance improved
by a factor of two with less than 4 Ohms, and the use of III-V dies bonding was
performed with a high bonding yield and a low lateral etching during the substrate
removal. The scalability towards 300 mm for both CMOS contacts and die bonding
will be developed in future works. Both techno-logical features are expected
improve the efficiency, density, and cost of silicon photonics PICs.

A. Quintero, P. Gergaud, J. Aubin, J. M. Hartmann, V. Loup, V. Reboud, F.
Nemouchi, E. Cassan and Ph. Rodriguez “Comparative phase formation study
of Ni and Ni0.9Pt0.1 stanogermanides during solid-state reaction” Materials
for Advanced Metallization (MAM 2018) – March 18-21, 2018 Milano (Italy)
This paper presents an extensive comparative study of the solid-state reaction of
Ni and Ni0.9Pt0.1 film with compressively strained Ge0.9Sn0.1 layers of 60 nmthick, epitaxially grown on Ge-buffered Si (100) substrates. Surface preparation was
performed using 1% diluted HF. Then, 10 nm of Ni or Ni0.9Pt0.1 were deposited
by physical vapor deposition and capped with 7 nm TiN. The Ni and Ni0.9Pt0.1 /
Ge0.9Sn0.1 phase sequence and crystalline evolution were monitored by in-situ x-ray
diffraction and complemented by ex-situ in-plane reciprocal space map measurements.
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A. Quintero, P. Gergaud, J. Aubin,
J. M. Hartmann, N. Chevalier,
V. Reboud, E. Cassan and
Ph. Rodriguez “Comparative
analisys of Ni and Ni0.9Pt0.1
stanogermanides during solidstate reaction” - Americas
International Meeting on
Electrochemistry and Solid
State Science (AiMES 2018) –
September 30 – October 04,
2018 Cancun (Mexico)
This paper explain the interest to
put Pt addition in term of impact in
the Ni growth phase sequence for
contacts realization.
The Ni0.9Pt0.1 CMOS-compatible
alloy represents an alternative for
contacting GeSn layers, overcoming
certain limits of Ni-contacts.

E. Ghegin, S. Zhiou, S. Bensalem,
L. Toselli, M. Pasquali, S. Favier,
C. Jany, B. Szelag, P. Gergaud,
F. Nemouchi and Ph. Rodriguez
“CMOS-Compatible Contacts for
Si Photonics: From Solid-State
Reaction to Laser Integration”
International Interconnect
Technology Conference (IEEE-IITC
/ AMC 2018) – June 4-7, 2018
Santa-Clara (USA).
From surface preparation and solidstate reaction to laser integration
and electrical characterizations, this
paper presents a short overview
of the CMOS-compatible contacts
developed on n-InP and p-InGaAs
for Si photonic applications. A
full contact technology has been
developed for Si photonics. Most of
the metallization studied provided
efficient solution for contacting
n-InP and p-InGaAs. Finally, the
choice of a metallization rather
than another will be governed by
the integration scheme involved
in the photonic device elaboration.
Recently, Ni and Ni2P metallization
have been successfully integrated
on a 200 mm CMOS-compatible
hybrid III-V / Si laser.

Ph. Rodriguez, E.Gheghin and F. Nemouchi “CMOS-compatible contact
technology for Si photonics” - 18th International Workshop on
Junction Technology (IWJT-2018), March 8-9, 20187- Shanghai (China).
In this paper, we present a short overview of the CMOS-compatible contact
technology developed in our group on n-InP and p-InGaAs for Si photonic
applications. Obtained results cover a wide spectrum: from surface preparation
and solid-state reaction to electrical results and laser integration. The metallurgy
of several systems including Ni / InGaAs, Ni / InP, Ti / InGaAs and Ti / InP has
been studied. The choice of a metallization rather than another will be governed
by the integration scheme involved in the photonic device elaboration. Recently,
Ni and Ni2P metallization have been successfully integrated on a 200 mm CMOS
compatible hybrid III-V / Si laser. The first Distributed Feedback (DFB) lasers
fabricated with this new platform are operating at 1310 nm with a threshold
current around 60 mA, a Side Mode Suppression Ratio (SMSR) larger than 45 dB
and more than 1.5 mW optical power in the output silicon waveguide.

Summary of the metallurgical study conducted on the Ni/
InGaAs system.

A. Quintero, P. Gergaud N. Chevalier, J. Aubin, J. M. Hartmann,
V. Loup, V. Reboud, E. Cassan and Ph. Rodriguez “Impact of Sn content
in Ge1-xSnx layers on Ni-stanogermanides solid-state reaction and
properties” - International Interconnect Technology Conference
(IEEE - IITC / AMC 2018) – June 4-7, 2018 Santa-Clara (USA).
The paper presents a comprehensive analysis focused on the impact of
Sn content in GeSn layers, on Ni-based contacts. In situ XRD, AFM and Rsh
measurements were performed in order to follow phase growth, surface
morphological evolution and electrical properties as the annealing temperature
changed. PXRD results demonstrated that high Sn content stabilized the Nirich phase delaying to some extent the formation of the Ni(Ge1 -xSnx) phase.
AFM and Rsh results supported this tendency: microstructural changes and
resistance reduction are also delayed. Concerning devices, results imply that
higher thermal budgets will be needed in order to obtain the Ni(Ge1-xSnx)
phase.
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S. Bensalem, E. Ghegin, F. Boyer, M. Pasquali, J. L. Lábár, M. Menyhárd,
S. Favier, P. Gergaud, F. Nemouchi and Ph. Rodriguez “Ti ohmic contacts
to p-InGaAs: Phase formation sequence and electrical results”Materials for Advanced Metallization (MAM 2018)
March 18-21, 2018 Milano (Italy)

TEM cross section of the TiN (7 nm)
/ Ti (20 nm) / InGaAs as deposited
sample.

B. Charbonnier, S. Bernabé, Y.
Thonnart, N. Michit, M. Kouissi, P.
Le Maitre, B. Szelag and Ch. Kopp «
Enhanced Silicon Photonics platform
for high performance many-core
processors » - The International Conference on Fiber Optics and Photonics
(Photonics2018) – December 12-15,
2018 New Delhi (India)
This presentation shows the silicon photonics toolbox developed in 200mm platform at CEA-Leti where several ONoC (Optical Network on Chips) projects have been
conducted (for example, the demonstration of a 3D-stacked CMOS-on-Si-photonic 10Gbps transceiver chip for thermally
robust short-range optical communication).

Ohmic contacts with low specific contact resistivity on III-V semiconductors are
commonly obtained with Au/Pt/Ti or Au/Ge/Ni metallization and through
a lift-off process. An alternative using Ti metallization on p-In0.53Ga0.47As
(in place of Au/Pt/Ti or Au/Ge/Ni) has been studied. The aim of the present
work is to clarify the phase formation sequence of this system (without any
noble metal), especially at low temperatures (corresponding to the presence of
the amorphous Ti-InGaAs layer, contacts exhibit a Schottky behavior).

H. El Dirani, C. Bellegrade, C. Petit-Etienne, C. Monat, J.-M. Hartmann,
E. Pargon, C. Sciancalepore «Nonlinear properties of ultra-low losses
hydrogen-annealed submicron silicon waveguides, 2018 International
conference on Solid State devices and Material” - International
conference on Solid State Devices and Materials (SSDM)
September 9-13, 2018 Tokyo (Japan).
Scattering losses in high index contrast Si/SiO2 waveguides is known to
be the primary cause of optical propagation losses. The paper presents
the H2 annealing efficiency on both Rib and Strip waveguides to reduce
roughness and consequently reduce the optical losses. The presence of a Si/
SiO2 interface at the top or bottom of pattern limits the smoothing. Finally,
Increasing temperature or duration and decreasing pressure favor Si reflow,
inducing roughness reduction, which results in better optical performances.

C. Bellegarde, E. Pargon, C. Sciancalepore, C. Petit-Etienne,
O. Lemonnier, K. Ribaud, Ph. Lyan and J.M Hartmann “Optimization of
H2 thermal annealing process for the fabrication of ultra-low loss
Sub-Micron Silicon-on-Insulator rib Waveguides” - SPIE Photonic West
January 30, February 1, 2018 San Francisco (USA)
When downscaling waveguides to sub-micron dimensions, propagation losses
become dominated by sidewall roughness scattering. This work proposes to
investigate the impact of temperature and duration of the H2 anneal on the
Rib profile, sidewalls roughness and optical performances. The impact of a Si/
SiO2 interface is also studied. The introduction of H2 thermal annealing allows
to obtain very low losses of 0.5 dB/cm at 1310 nm wavelength for waveguide
dimensions of 300 -400 nm, but it comes along an increase of the pattern
bottom width of 41%, with a final bottom width of 502 nm.
AFM profiles of Rib waveguide
(a) before and after H2
annealing for (b) 1 min and (c)
8 min. Annealing temperature
and pressure are 800°C and
20 Torrs, respectively.
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N. Michit, P. Le Maitre, B. Charbonnier, R. Orobtchouk, A. Michard and
J-F. Carpentier « Scalable Highly Flexible WDM switch for ONoC architectures »
SPIE Photonic West - January 30, February 1, 2018 San Francisco (USA).
The paper presents a proof of concept of a scalable WDM 4x4 switch featuring MRRs to
ensure high flexibility for intra-chip interconnections. It is based on linking E-S of 4 MRRs that
ensure control of every wavelengths. Authors designed the first loss aware non-blocking
double rings switch. It has been estimated superior to state of the art single wavelength 4x4
ring-based switch. Furthermore, its higher order of resonant peak lowers signal distortion
and relaxes sensitivity to peak shifts. Systematic scalability to any n-WDM has been shown
with simple truth table for practical realizations. In comparison with a WDM cascaded state
of the art switch, we achieved 50% reduction of the worst-case path number of rings and
crossings passed. Concepts presented in this work can thus be used in architectures based
on 4x4 switches or 4 nodes loop to improve their performances in a general YxY switch.
On-going fabrication in a CMOS industrial process should be able to confirm our assessments
and give actual pJ/bit consumption along with experimental determination of BER.

P.E. Raynal, A. Quintero, V. Loup, Ph. Rodriguez, L. Vallier, J. Aubin, J.M. Hartmann,
N. Chevalier « GeSn surface preparation by wet cleaning and in-situ plasma
treatments prior to metallization” - The 20th Surface Preparation and Cleaning
Conference (SPCC 2018) – April 10-11, 2018 Cambridge (USA)
This presentation investigate the impact of wet chemistries, plasma treatments and “wet +
plasma” combinations on GeSn surface oxide removal after a characterization of the native
oxide formed upon air exposure of Ge0.85 Sn0.15 alloys. In this study, a high air reactivity
of GeSn alloys has been evidenced. A surface oxide layer was indeed observed after a short
exposure to the air (< 15 min). This surface preparation study using 300mm industrial tools
is to the best of our knowledge the first one on Ge0.85 Sn0.15 layers.
1μm² atomic force microscopy
(AFM) images. A) Reference
Ge85Sn15 sample without any
treatment, b) Ge85Sn15 post
HF treatment, c) Ge85Sn15
post H2O2 treatment, d)
Ge85Sn15 post H2O2 and
rinse step treatment.

C. Bellegarde, E.Pargon, C. Sciancalepore , C. Petit-Etienne, V. Hugues,
D. Robin-Brosse, J.-M. Hartmann and Ph. Lyan « Improvement of Sidewall
Roughness of Submicron SOI Waveguides by Hydrogen Plasma and Annealing”
International Photonics Conference San Francisco (IEEE- IPC 2018)
September 30 – October 4, 2018 Reston (USA)
Minimizing scattering losses in high-index-contrast Si/SiO2 waveguides is one of the
great challenges of SOI photonic integrated chips. This presentation report the successful
fabrication of low-loss submicrometric silicon-on-insulator strip waveguides for on-chip
links. Post-lithography treatment and post-etching hydrogen annealing have been used to
smoothen the waveguide sidewalls, as roughness is the major source of transmission losses.
An extremely low silicon line-edge roughness of 0.75 nm is obtained with the optimized
process flow. As a result, record-low optical losses of less than 0.5 dB/cm are measured at
1310 nm for strip waveguide dimensions exceeding 500 nm.
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B. Szelag, B. Charbonnier, O. Lemonnier, S. Brision, B. Blampey and S. Bernabé « Optimization
of a 64Gbps O-band thin-rib PN junction Mach-Zehnder Modulator fabricated on a 200mm
silicon photonics platform” - International conference on Solid State devices and Material” International conference on Solid State Devices and Materials (SSDM 2018) - September 9-13,
2018 Tokyo (Japan).
Modulators are key components in photonic transceivers for datacenter interconnects and
telecommunications applications. The paper presents the fabrication of a thin-rib PN junction MachZehnder modulator. Design and process optimization have led to a modulation efficiency of 1.7Vcm VpLp
with insertion losses in the range of 1dB/mm and an electrical bandwidth larger than 26GHz. NRZ
modulation up to 64Gbps is demonstrated.

28GB PAM4 modulation eye diagram

M.L. Touraton, M. Martin, J. Moeyaert, V. Loup, S. David, B. Ben Bakir, C. Licitra,
F. Boeuf, C. Jany, D. Dutartre and Th. Baron “MOCVD AlGaAs/InGaAs/GaAs thin layers
directly grown on nominal Si (001) substrates for optical applications” - European
Materials Research Society (E-MRS Fall Meeting 2018) - September 17-20 – Warsaw
(Poland)
Silicon photonics is today a rapidly growing topic to answer Telecom, Datacom, Lidar and LEDs
applications. This technology combines advantages of Si integrated circuits and III-V properties.
This paper presents the challenges of III-V integration on silicon substrate (100) with CMOS
patterning compatibility.

S. Bernabé “Key challenges for Photonic Integrated Circuits Integration and Packaging”
Minapad Forum - June 17, 2018 Grenoble (France).
Review of the requirements and challenges for Silicon Photonics circuit’s technology and module
packaging to serve the market for high-speed short reach optical interconnects for Data Center
Networks.

H. Metras “Adressing future computing architecture with silicon photonics”
Leti Workshop@Semicon West – July 10, 2018 San Francisco (USA)
This presentation highlight the performance of silicon photonics devices and the latest results
obtained on laser integration.
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K. Hassan, B. Szelag, L. Adelmini, B. Montmayeul, L. Sanchez, E. Ghegin,
P. Rodriguez, S. Bensalem, F. Nemouchi, T. Bria, M. Brihoum, P. Brianceau,
E. Vermande, O. Pesenti, A. Schembri, R. Crochemore, S. Dominguez, MC. Roure
and C. Jany “Technological advances on CMOS compatible hybrid III-V/Si lasers in
200mm platform”- International conference on Solid State Devices and Materials
(SSDM 2018) - September 9-13, 2018 Tokyo (Japan).
This paper report on technological progress for a 200mm fully CMOS compatible hybrid
III-V/Si laser technology with a low access resistance and a reduced III-V material
consumption through die to wafer bonding. Both techno-logical features are expected
improve the efficiency, density, and cost of silicon photonics PICs. An enhanced BEOL full
CMOS compatible was demonstrated with a serial resistance improved by a factor of two
with less than 4 Ohms, and the use of III-V dies bonding was performed with a high
bonding yield and a low lateral etching during the substrate removal. The scalability towards
300 mm for both CMOS contacts and die bonding will be developed in future works.

III-V/Si die bonding picture
over the entire 200mm SOI

A. Quintero, P. Gergaud, J. Aubin, J-M. Hartmann, V. Reboud and P. Rodriguez
“Ni/GeSn solid-state reaction monitored by combined X-ray diffraction analyses:
Focus on the Ni-rich phase” Journal of Applied Crystallography, Volume 30, Issue
7, 1 April 2018 Pages 591 - 594
The Ni/Ge0.9Sn0.1 solid-state reaction was monitored by combining in situ X-ray
diffraction, in-plane reciprocal space map measurements and in-plane pole figures.
A sequential growth was shown, in which the first phase formed was an Ni-rich phase.
Then, at 518 K, the mono-stanogermanide phase Ni(Ge0.9Sn0.1) was observed. This
phase was stable up to 873 K. Special attention has been given to the nature and the
crystallographic orientation of the Ni-rich phase obtained at low temperature. It is
demonstrated, with in-plane pole figure measurements and simulation, that it was the
«-Ni5(Ge0.9Sn 0.1)3 metastable phase with a hexagonal structure.

K. Hassan, O. Wilmart, L. Adelmini, V. Reboud, C. Sciancalepore, D. Fowler,
S. Malhouitre, Y. Thonnart, O. Castany, S. Garcia, S. Brision, V. Muffato,
O. Lemonnier, K. Ribaud, P. Grosse, B. Charbonnier, S. Bernabe, S. Olivier,
B. Szelag and Ch. Kopp “Versatile silicon photonic platform for datacom and
computercom applications”- Optical Interconnects Conference (IEEE - OI 2018)
June 4-6, 2018 Santa Fe (USA).
The paper reviews technological integration process used for the silicon photonics chips
fabrication (as silicon nitride circuits, laser source integration with hybrid III-V material on
silicon and 3D packaging).
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C. Bellegarde, E. Pargon, C. Sciancalepore, C. Petit-Etienne, V. Hugues, D. Robin-Brosse,
J.M. Hartmann and P.Lyan “Improvement of Sidewall Roughness of Submicron SOI
Waveguides by Hydrogen Plasma and Annealing” IEEE Photonics Technology Letters
Volume 30, Issue7, 1 April 2018 Pages 591-594.
The paper reports the successful fabrication of low-loss sub-micrometric silicon-on-insulator strip
waveguides for on-chip links. Post-lithography treatment and post-etching hydrogen annealing have
been used to smoothen the waveguide sidewalls, as roughness is the major source of transmission
losses.
The optimized process allows to reduce the LER down to 0.75 nm, which is almost equivalent to an
atomically fla crystalline silicon surface. As a result, record-low optical losses of less than 1 dB/cm are
measured at both 1310 nm 1550nm in strip waveguides with dimensions larger than 390 nm and
ranged from 1.2 dB/cm to 0.8 dB/cm for 300-400-nm-wide strip waveguides.

A. Quintero, P. Gergaud, J. Aubin, J.M Hartmann, N. Chevalier, V. Loup, V. Reboud,
F. Nemouchi and Ph. Rodriguez « Impact of Pt on the phase formation sequence,
morphology and electrical properties of Ni(Pt) / Ge0.9Sn0.1 system during solidstate reaction” J. Appli. Phys. Volume 124, 085305 (2018).
Semiconductor electronic and optoelectronic devices need an efficient ohmic contact to receive
and deliver power and signals. For GeSn-based devices, Ni-stanogermanides have been
proposed in order to reach low specific contact resistivity (Rc) and low sheet resistance (Rsh).
Ni-GeSn intermetallics, which can be obtained at temperatures ranging between 200 and
350°C, are suitable for contacting nanoelectronic and photonic devices.

A. Quintero, P. Gergaud, J. Aubin, J.M Hartmann, N. Chevalier, V. Reboud, E. Cassan and
Ph.Rodriguez « Comparative Analysis of Ni- and Ni0.9Pt0.1-Ge0.9Sn0.1 Solid-State
Reaction by Combined Characterizations Methods” ECS Transactions, 86 (7),
299-307 (2018)
A comparative study of the solid-state reaction between Ni and Ni0.9Pt 0.1 thin films with Ge0.9Sn0.1
layers was carried out. The solid state reaction between Ni(Pt) and Ge0.9Sn0.1 was monitored by ex
situ X-ray diffraction (XRD). Results were complemented by atomic force microscopy (AFM) and sheet
resistance (Rsh) measurements.
These latter evidenced that Pt addition improves both morphological and electrical properties of the
layers at high temperature.

AFM images with a scan
size of 5 μm x 5 μm. Top
row: Ni-Ge0.9 Sn0.1
samples,
bottom row: Ni0.9Pt0.1 –
G0.9 Sn0.1 samples, asdeposited or annealed
by RTA at 350, 400 and
550 °C (from left to
right).
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PHILIPPE PANTIGNY
POWERGaN
Program Director

The PowerGaN consortium’s 2018 results aligned with its ambition
of developing a gallium nitride (GaN) power component industry
at the national level, from component manufacturing to integration
into innovative electrical systems.
The feasibility of a common fabrication flow for GaN power
transistors and diodes on 200 mm wafers was demonstrated,
marking a key step forward toward scaling the technology up
for manufacturing. The GaN diodes delivered performance very
close to the target specifications. The consortium leveraged
its multidisciplinary know-how spanning materials, systems,
interconnections, and reliability to come up with an improvement
plan that will result in a first generation of 650 V GaN components
transferrable to STMicroelectronics in 2020.
We are integrating additional functions directly onto the discrete
component’s chip to boost added value at system level.
We also learned much from the Schneider Electric and CEA
demonstrators in 2018. We were able to identify and rank the
technological hurdles to overcome in order to take full advantage
of GaN’s exceptional performance at system level. We addressed
component models, electronic circuit design and testing tools and
methods, converter topologies, and chip-packaging co-design.
The first generation of GaN components was our priority in
2018. Nevertheless, we did also devote time to preparing future
generations of GaN components, with seven patent applications
filed throughout the year.
Last, we held a GaN workshop in November 2018 for members
of the national power electronics community, both scientific and
industrial. We shared our diverse viewpoints on the technical
and market challenges inherent to GaN and identified potential
partnerships and the possibility of opening up the PowerGaN
consortium to new members in 2019.
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Industrial

testimonial

ERIC BERNIER
R&D and CAD Director Filter & Discrete Division,
STMicroelectronics TOURS SAS
STMicroelectronics is a global leader in power electronics. To meet the
needs of our customers, our strategy is to rapidly round out our line of
silicon and silicon carbide products with GaN products. The PowerGaN
project framework within IRT Nanoelec plus IRT-Leti’s 200 mm generic
platform have the capacity to speed up the development of the technology
bricks required for GaN transistors and diodes as well as the manufacturing
processes that will be needed for these products in the future. We are
already taking full advantage of these capabilities as we start building our
200 mm GaN pilot line at our Tours, France facility. We are looking forward
to seeing the first generation of GaN components developed as a result of
this partnership

MIAO XIN WANG
Director of Power Electronics Research Center,
Schneider Electric
GaN is a new power electronics technology that offers strong potential
for Schneider Electric, especially for our low-power applications. The
technology’s excellent very-high-frequency switching performance is
crucial for us in terms of making smaller, higher-yield products. However,
in order to make the best possible use of GaN components, you have
to rethink a number of aspects, including gate drivers, integration, and
electromagnetic compatibility. PowerGaN’s multidisciplinary approach,
which spans components, modelling, packaging, and design, has given our
people keen insights into the technological challenges and to improve their
design know-how with people who have experience with the same issues
we are facing.
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Key publications
in 2018

Th. Bouchet “GaN/Si A new era of
energy conversion - Roadmap and
demonstrators” - Applied Power
Electronics (APEC), March 4-8, 2018
San Antonio (USA)

J. Biscarrat, R. Gwoziecki, Y. Baines, J. Buckley, C. Gillot, W. Vandendaele,
G. Garnier, M. Charles and M. Plissonnier “Performance enhancement of
CMOS compatible 600V rated AlGaN/GaN Schottky diodes on 200mm silicon
wafers” - 30th International Symposium on Power Semiconductor Devices
& ICs - May 13-17, 2018 Chicago (USA).

Review of the requirements and
challenges for power technology and
module packaging to serve the market.

The paper presents significant performance enhancements of AlGaN/GaN power
Schottky diodes on 200 mm silicon substrates achieved by optimizing the anode
fabrication and the epitaxial layers. 600V rated AlGaN/GaN power diodes using a MIS
(Metal Insulator Semiconductor) - gated Schottky anode were processed using a CMOS
compatible process flow transferable to mass production environments.

R. Gwoziecki, J. Biscarrat, W.
Vandendaele, J. Buckley, Y. Baines,
C. Gillot, G. Garnier, M. Charles
and M. Plissonnier “Performance
enhancement of Gold-free / CMOS
compatible AlGaN/GaN Schottky
Barrier Diodes on 200mm Silicon
wafers”GaN Marathon 2.0 April 18-19,
2018 Padova (Italy)
The AlGaN/GaN on 200mm Si
wafer presented in this work feature
simultaneously a low turn-on voltage
and low leakage current, thanks to
the “cascode-diode” architecture with
recessed AlGaN barrier at the anode.
By improving both epitaxy and contact
process for anode and cathode, current
collapse measured in dynamic conditions
after a blocking {650V, 10s, 150°C} has
been further reduced. Performance
tradeoffs were plotted with respect to
published results, exhibiting improved
results with respect to the state-of-the
art and Gold-free CMOS compatible GaNon-Si diodes.

W. Vandendaele, X. Garros, T. Lorin, E. Morvan, A. Torres, R. Escoffier,
M.A. Jaud, M. Plissonnier, F. Gaillard « A novel insight of pBTI degradation
in GaN-on-Si E-mode MOSc-HEMT » 56th International Reliability Physics
Symposium (IEEE-IRPS) – March 11 – 15, Burlingame (USA)
GaN-on-Si HEMT technology is now considered as a serious candidate for medium
power applications (650V rated). This paper presents a novel insight of the pBTI
degradation of GaN power transistors allowing to assess the Vth shift during the actual
operation of the device through AC stress phase and ultra-fast ID(VG) characterization.
CET map combined with an RC model enabled to deeply understand the degradation
kinetics of our devices. This methodology has been applied for the first time on E-mode
GaN-on-Si MOSc-HEMT showing the presence of two trap populations in the oxide.
So far no permanent degradation has been observed.
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CHARACTERIZATION
ON LARGE-SCALE
INSTRUMENTS
PROGRAM
In 2018 we continued to consolidate the portfolio of innovative
services we had previously developed under the PAC-G (Platform
for Advanced Characterization-Grenoble) program.
In particular, we ramped up our component radiation-resistance
testing activity—an area that will bring substantial opportunities for
the future of the program.

JÉROME BEAUCOUR
Characterization
on Large-Scale
Instruments
Program Director

A range of services for industrial customers that is growing
in line with the objectives set
Building on the progress made in 2017, PAC-G (Platform for
Advanced Characterization-Grenoble) consolidated its unique
position as an innovation driver in 2018. The platform exceeded its
targets in terms of revenue from industrial contracts, a success that
can be attributed to a well-conceived marketing campaign and to
the quality and relevance of the services delivered and, especially,
services to test the sensitivity of electronic components to
background radiation noise. The organic growth of these services
for industrial customers was in line with targets for 2018. At the
same time, we continued to provide earlier-stage characterization
services to support IRT Nanoelec’s technology development
programs.
To support continued growth and consolidate PAC-G’s business
model, in July 2018 we entered into a partnership with Serma
Technologies, the leading provider of failure analysis and reliability
testing for electronic components and circuits. Serma Technologies
acquired Science et Surface in mid-2018; this new business unit
will bring physico-chemical characterization know-how that bodes
well for broader cooperation on advanced characterization and
that further confirms the relevance of our partnership with Serma
Technologies.
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Continued advanced characterization to support the development of
the microelectronics industry
The program also continued to provide advanced characterization services
to other IRT Nanoelec programs. Research on advanced interconnections
for the 3D integration program benefitted from advances in characterization
that support the optimization of microstructures like copper pillars and TSVs.
From 2015 to 2017 we developed an innovative synchrotron nanotomography
technique capable of characterizing the composition of and any defects
contained in individual objects of these kinds. In 2017 and 2018, we went even
further, with a new and unique technique that delivers a statistical measurement
of defects in TSVs using low-angle neutron scattering. Thanks to the technique,
it is now possible to count nano-defects according to their dimensions in the 10
nm to 300 nm range and according to different preparation conditions.
The technique can also be used to measure nano-defects in other objects
or matrices as long as there is sufficient contrast—adding another innovative
service to the PAC-G lineup.
At the request of several aeronautics and space industry stakeholders (Airbus
Defence & Space, ArianeGroup, and French government space agency
CNES), we completed several feasibility tests to assess exposure to cosmic
rays simulated using pulsed synchrotron radiation. In parallel, we are also
investigating potential use of ILL’s Lohengrin instrument, which produces
heavy ions, to develop component testing services for aeronautics and space
applications.
Outlook to 2025
The results we have obtained over the past three years have positioned us to
identify new opportunities for us to respond to the current and future needs
of microelectronics industry stakeholders and their customers for 2020–2025.
Specifically, we will focus on two areas.
First, we will continue the work we have been doing up until now, to develop
characterization techniques on the large scientific instruments and new
services leveraging these techniques. We will also market the services.
Feasibility studies of new characterization techniques selected based on
the needs encountered during other IRT Nanoelec research programs
will be completed. Therefore, new techniques could be added to the
current portfolio, including for the PULSE program. It is our hope that the
large scientific instruments could be used to generate specific attacks for
cybersecurity research purposes, using a mechanism similar to the errors that
can be caused by exposure to cosmic rays.
Second, we will create a leading European competency center on radiationresistance testing of electronic components. Testing electronic components’
and systems’ resistance to radiation has long been a major challenge for the
space industry. As the occurrence of failures due to background radiation
noise has become more significant, other industries—aeronautics and large
data centers—have also turned their attention to radiation, testing the sensitivity
of their critical components. Moreover, with more and more electronics in
today’s cars, the automotive industry is now also becoming aware of the issue,
which is guaranteed to become even more critical as autonomous vehicles,
continue to gain traction. Any industry that combines advanced electronics,
large manufacturing volumes, and a need for reliability will have to integrate
radiation testing into their products from the design phase.
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testimonial

PHILIPPE ROCHE
Technical Fellow & R&D Director High Reliability,
ST Microelectronics
The IRT assistance provided to ST was again very much appreciated those
past few months. It allows increasingly early detecting and analyzing the
sensitivity of complex design circuits against radiation. It will contribute
to make ST more competitive for high demanding markets like space,
autonomous driving and French strategic applications. As a matter of fact,
all ILL/ESRF/LPSC test facilities are located in a very close vicinity to major
ST facilities (both ST-Crolles for technology and ST-Grenoble for product
developments). The underlying IRT flexibility gives a significant advantage
for R&D radiation trials, logistical aspects and developments of new custom
experiments towards future industrial & normative capabilities in coming
years.

Academic

testimonial

DR. RODRIGO POSSAMAI BASTOS
Teacher – Researcher - CNRS / TIMA Laboratory
TIMA is a research laboratory that operates under the aegis of GrenobleAlpes University, the French National Scientific Research Center (CNRS),
and Grenoble Institute of Technology. The lab’s work focuses on integrated
circuit and system specifications, design, verification, and testing. As new
advanced integrated circuit fabrication technologies take hold, systems
are becoming much more complex, which creates additional challenges
in terms of guaranteeing operating safety and reliability amid exposure
to environmental disturbances. Our scientists use IRT Nanoelec’s PAC-G
(Platform for Advanced Characterization-Grenoble) to evaluate, characterize,
and harden the behavior of integrated systems and circuits to the harmful
effects of different kinds of radiation and, especially, thermal neutron (ILL)
and rapid (LPSC). We also use the synchrotron’s high-brightness pulsed
X-ray radiation to reproduce the transitory faults in integrated circuits
caused by heavy ions and high-energy hadrons (for space environments).
PAC-G’s powerful instruments and the support of scientists from LPSC, ILL,
and ESRF are vital to completing and validating our research at TIMA.

34 POWERGAN
PROGRAM

Key publications
in 2018
M. Garay Trindade, A. Coelho, C. Valadares, R. A. C. Viera , S. Rey,
B. Cheymol, M. Baylac, R. Velazco and R. Possamai Basto “Assessment of
Hardware - Implemented Support Vector Machine under Radiation Effects”
” Conference on Radiation Effects on Components and Systems (RADECS)
2018, September 16-21, 2018 Gothenburg (Sweden)
This paper is the first to assess the operation of a FPGA-designed SVM architecture
under radiation effects. Radiation test experiments have been performed with a
14-MeV neutron generator (GENEPi2), and results show 5% of the evaluated samples
lead the SVM architecture to a misclassification. Additional experimental results from
fault-injection campaigns on the FPGA board are in progress to further evaluate the
most sensitive parts of the designed SVM architecture in function of different input
datasets. Furthermore, different SVM architectures will be studied and compared in
terms of their robustness to radiation-induced transient faults.

FPGA board exposed to the GENEPi2 accelerator

R.Varela “Large Scale instruments tackling nanoscale characterization challenges
in microelectronics” 13th International MicroNano Conference (IMNC), December
11-12, 2018 Amsterdam (Netherlands)
This presentation highlight the commercial offer of the PAC-G with the ESRF, ILL, LPSC and
PFNC platforms to address characterization challenges in microelectronics.
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N. Gambacorti “Semiconductor characterization challenges addressed by Large
Scale Facilities” - NanoInnovation Conference September 11-14, 2018 Rome
(Italy)
This paper presents how the Large Scale Facilities can help in the characterization
semiconductor materials and devices.
Characterization techniques as Neutron reflectometry, in-situ X-Ray diffraction
and X-ray tomography have been use to analyse different demands as interface
in direct bonding, layers delamination, polymers internal structure, chemical
reaction kinetic, …)

R. Varela “Platform for Advanced Characterisation – Grenoble”
Carac2018, October 16, 2018 Grenoble (France)
Presentation of the PAC-G, a unique innovative framework and a single entry point for
characterization services, dedicated to micro-and nano electronics industry.
- ESRF: the most intense synchrotron generated light in the world
- ILL: the most intense neutron source in the world
- LPSC / Genesis: the high energy neutrons source
- PFNC with Leti, Liten and INAC competences

The PAC-G: an unique innovative framework

R. Varela “Platform for Advanced Characterisation – Grenoble”
Business Connection Forum, October 29, 2018 Munich (Germany)
Same presentation as previous one.

C. Weulersse, S. Houssany, N. Guibbaud, J. Segura-Ruiz, J. Beaucour, F. Miller and
M. Mazurek “Contribution of thermal neutrons to soft error rate”,
IEEE Transactions on Nuclear Science – Vol. 65 (Issue 8), pages 1851-1857
Based on experiments at ILL facility, the thermal neutron contribution of 3 devices (one
SRAM, one FPGA and one microprocessor) is investigated for both ground level and aircraft
environments. We conclude that the thermal neutron induced SEUs (Single Event Upset)
could have a similar contribution to soft error rate as the high-energy part in atmospheric
applications.
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J. A. Clemente, G. Hubert, J. Fraire, F. J. Franco, F. Villa, S. Rey, M. Baylac,
H. Puchner, H. Mecha and R. Velazco “Characterization of Three Successive
Generation of COTS SRAMs at Ultralow Bias Voltage to 14.2 MeV Neutrons”
J. IEEE Transactions on Nuclear Science - Volume 65 (Issue 8) Pages 1858 - 1865.
This paper presents a SEU sensitivity characterization at ultra-low bias voltage of
three generations of COTS (Commercial Off-The-Shelf) RAMs manufactured in 130 nm,
90 nm and 65 nm CMOS processes. For this purpose, radiation tests with 14.2 MeV
neutrons were performed for SRAM power supplies ranging from 0.5 V to 3.15 V. The
experimental results yielded clear evidences of the SEU sensitivity increase at very low
bias voltages.

P. Ramos, V. Vargas, M. Baylac, N.E Zergainoh and R. Velazco “Error-rate
evaluation of an application implemented in COTS Multi / Many-core
processors” J. IEEE Transactions on Nuclear Science – Vol. 65 (Issue 8) Article
number 8361060 pages 1879 - 1886.
This work evaluates the error-rate of a memory bound application implemented
in different COTS multi-core and many-core processors. To achieve this goal, two
quantitative experiments are performed: fault-injection campaigns and radiation
ground testing. In addition, the paper proposes an approach for predicting the
application error-rate by combining the results issued from both types of experiments.

R. Cubitt, J. Segura-Ruiz and W. Jark “RAINBOWS: Refractive analysis of
the incoming neutron beam over the white spectrum. A new fast neutron
reflectometry technique exploiting a focusing prism” Journal of Applied
Crystallography – Volume 51, pages 257 – 263
Neutron reflectivity is a powerful technique for characterizing interfaces in many areas
of science. The traditional method of time of flight for measuring the wavelength of
neutrons in a white beam is extremely wasteful, as the vast majority of neutrons
must be absorbed in the choppers in order to produce a pulsed beam. The paper
demonstrated how this can be used for faster neutron reflectometry, including the
merging of different angles and subtraction of background. The technique shows
considerable promise for neutron reflectivity, opening up new areas of science
particularly in the realms of kinetics and small samples.
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P. Ramos, V. Vargas, M. Baylac, N.E Zergainoh and R. Velazco “SEE error-rate
evaluation of an application implemented in COTS multi/many-core processors”
J. IEEE Transactions on Nuclear Science
This paper presents the evaluation of the SEE error-rate of an application implemented in three
COTS multi/many-core processors which are of interest to avionic industries. Experimental
results support the widespread use of multi/many-core COTS processors in embedded system
domain. The fact that a many-core processor built on 28nm CMOS has a similar FIT than a
multi-core 45nm SOI is very promising. Mitigation techniques effectively implemented in the
MPPA-256 decrease the reliability gap between both technologies regarding the manufacturing
process and miniaturization.

A. Fraczkiewicz, M.I Richard, E. Capria, G; Chahine, P. Cloetens, J. Da Silva, Th. Mourier,
F. Ponthenier and P. Bleuet “3D High resolution imaging for microelectronics a multi
technique survey on copper pillar” Ultramicroscopy vol. 193 pages 71 - 83.A)
In microelectronics, recently developed 3D integration offers the possibility to stack the dice or
wafers vertically instead of putting their different parts next to one another, in order to save
space. As this method becomes of greater interest, the need for 3D imaging techniques becomes
higher. We here propose a study about different 3D characterization techniques applied to copper
pillars, which are used to stack different dice together. Destructive techniques such as FIB/SEM,
FIB/FIB, and PFIB/PFIB slice and view protocoles have been assessed, as well as non-destructive
ones, such as laboratory- based and synchrotron-based computed tomographies. A comparison of
those techniques in the specific case of copper pillars is given, taking into account the constraints
linked to the microelectronics industry, mainly concerning resolution and sample throughput.
Lab techniques seem to be more relevant in the case of punctual mea- sures, while performing
successive tomographies during a synchrotron measure campaign provides a large amount of
high-resolution 3D information, with a high sample throughput.

J. A. Clemente, G. Hubert, J. Fraire, F. J. Franco, F. Villa, S. Rey, M. Baylac, H. Puchner,
H. Mecha and R. Velazco “SEU characterization of three successive generations of COTS
SRAMs at ultralow boas voltage to 14.2 MeV neutrons” J. IEEE Transactions on Nuclear
Science
This paper presents a SEU sensitivity characterization at ultra-low bias voltage of three generations
of COTS SRAMs manufactured in 130 nm, 90 nm and 65 nm CMOS processes. For this purpose,
radiation tests with 14.2 MeV neutrons were performed for SRAM power supplies ranging from 0.5
V to 3.15 V. The experimental results yielded clear evidences of the SEU sensitivity increase at very
low bias voltages. These experimental data have been validated with predictions issued from the
MUSCASEP 3 modeling tool.
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AND SUPPORT FOR COMPANIES)

PROGRAM

BRUNO CHARRAT
PULSE Program
Director

Since 2012, first class research organizations (UGA, Inria, CEA…) and
private companies (STMicroelectronics, Schneider Electric…) join
forces within the PULSE Program (Uses of Integrated Systems and
support for companies Program) in order to reach technological R&D
excellence and shorten the path from the lab to the market. To prototype
innovative and “secured by design” products and service powered
by nanoelectronics, they share assets, methodologies, resources and
talents together to level up their mastery, relevance and efficiency
in response to challenges such as population ageing, urbanization,
energy management.. . This joint action is concretized through longterm agile effective multidisciplinary teams tailored to tackle a wide
range of concerns from any technological product and service.
As more people and businesses rely on an always-growing landscape
of IoT and data-powered services, the partners of the program decided
in 2016 to focus on how to meet users’ needs in terms of digital trust.
Since then, they address topics such as safety, usability, scalability, ease
of deployment but emphasize more specifically on (hardware based-)
cybersecurity concerns to ensure confidentiality, integrity, authenticity
and availability.
With this new momentum, highly innovative SME’s (Easymile, AkeoPlus)
joined in 2018 PULSE program as members of the IRT consortium. This
strengthens the concrete skills and widens the industrial scope of the
program, in accordance with the already addressed academic research
themes, towards safe/secure autonomous vehicles and trustable smart
robotics.
The dedicated infrastructures and mutualized assets, tools, knowledge
and know-how of the PULSE ecosystem are made available to IRT nonfounder partners”. In this case, the Program provides a unique cuttingedge platform/framework in which small and medium-sized businesses
can also come to improve their competitiveness and business
sustainability thanks to relevant and efficient technology integration.
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Industrial

testimonial

NICOLAS ANQUET
Senior Systems design, STMicroelectronics
As the European Union is stepping up its efforts to tackle cybersecurity
threats on its territory, IRT Nanoelec is an excellent opportunity for us to
understand how to successfully design an industrial product based on our
microcontrollers. Such a product would be meeting the highest insurance
level in the new European Cybersecurity Certification scheme.

Academic

testimonial

NICOLAS VUILLERME
Senior lecturer, Univ. Grenoble Alpes (UGA/AGEIS) &
Institut Universitaire de France
IRT Nanoelec bridges the gap between laboratory research and product
design in industry. Since the beginning of the adventure, PULSE gave us the
opportunity to collaborate more closely with the core industrial partners to
gather information, needs and expectations from key market players. The
advanced and cross-disciplinary expertise of academic partners allow fast
prototyping of technological solutions in a user-centered design approach
to meet requirements with respect of cost, acceptability, interoperability and
cybersecurity. Thanks to PULSE’s dedicated infrastructures and expertise,
such as the testbed for aging in place for example, functional and usage
assessments in ecological studies can be easily performed to mitigate the
risks during deployment of products and services and to allow development
of solid knowledge basis to benchmark technological solutions. All these
assets combine to make IRT Nanoelec the best place to cross the “Valley of
Death” from R&D to value creation of innovation
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Key publications
in 2018
C. Villemazet, C. Guyon-Gardeux,
I. Chartier, N. Vuillerme « SILVER LAB :
Soutenir le déploiement de solutions
innovantes pour les personnes âgées,
L’exemple de VigiEHPAD » - Journée
de la recherche médicale de Grenoble
June 1, 2018 Grenoble (France)
This paper presents a hardware and
software solution for monitoring the
elderly’s day-to-day activities, with
the ultimate goal of facilitating safe,
comfortable independent living.
A Schneider Electric home automation
system was evaluated, artificial intelligence
algorithms to power innovative alert
solutions were validated, and a software
architecture was optimized. The research
was conducted under the SilverLab project.

T. Loubier, C. Guyon Gardeux,
M. Gallissot, S. Bergeon,
S. Klesarchaki, I. Chartier, S. Bernelle
« ACTIVAGE Secure IoT Services for
Ageing well: first deployment in
Korian rehabilitation clinic” – ADTC
Grenoble (France)
This paper highlights the Activage project.
Activage is a European interoperable
secure open ecosystem based on existing
IoT platforms, technologies and standards.
Main objectives of the project is to prolong
and support the independent living of
older adult in their environments.

IRT Nanoelec testbed: replication
of “les Granges’room” with the
installed solution for test

Ch. Laugier “Autonomous Vehicles Technologies for Perception and
Decision-Making” - Institut d’automne en Intelligence artificielle
(IA2 2018), October 15-19, 2018 Toulouse, (France)
This tutorial presents new technologies for Autonomous Vehicles with an
emphasis on multi-sensors Embedded Perception, situation Awareness,
collision Risk Assessment, and decision-making for safe navigation in
Dynamic Human Environments. It will be shown that Bayesian approaches are
mandatory for developing these technologies and for obtaining the required
robustness in presence of uncertainty and complex dynamic situations.
The tutorial will be illustrated by some interesting results obtained in the
scope of several collaborative projects involving either national research and
development institutes and IRT (Technological Research Institute) Nanoelec or
international industrial companies such as Toyota or Renault-Nissan.

Ch. Laugier “Gaith Dynamics to Optimize Fall Risk Assessment
in Geriatric Patients admitted to an outpatient Diagnostic
Clinic Improving Autonomous Driving Safety through a better
Understanding of Traffic Scenes and of Potential Upcoming
Collisions : A Bayesian Machine Learning Approach”- 15th Conference
on Control, Automation, Robotics and Vision (ICARCV 2018)
November 18-21, 2018 Singapore, (Singapore)
This paper describes improvements of autonomous vehicle by using machine
learning with different approaches as trajectory prediction and collision risk,
enrichment of traffic models using semantic segmentation, driver behavior
modeling and motion prediction for decision-making.
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Ch. Laugier “Improving
autonomous driving Safety
through a better understanding
of Traffic Scenes and of Potential
upcoming Collisions: A Bayesian
machine learning approach”
- 15th Conference on Control,
Automation, Robotics and Vision
(ICARCV 2018) November 18-21,
2018 Singapore, (Singapore)
Today, safety driving in autonomous
cars and driverless vehicles is not
guaranteed. Inria teams propose new
concept of dynamic occupancy grid
in order to improve the detection
between static, dynamic and free
components informations.

Ch. Laugier “Dynamic Traffic Scene Understanding: Analysis, Prediction and
Collision Risk Assessment”- 3rd Vedecom SMIV conference, November 27,
2018 Versailles, (France)
This presentation highlights the main issues for autonomous cars and driverless
vehicles in term of risk assessment and decision-making.

Ch. Laugier “Dynamic Scene Understanding and Upcoming Collision Prediction to improve Autonomous Driving Safety: A Bayesian Approach”
– 12th Chinese Conference on Robotic Welding, Intelligence and Automation
(RWIA’2018), December 7-10, 2018 Guangzhou, (China)
This presentation highlights the main issues for autonomous cars and driverless
vehicles in term of risk assessment and decision-making.

J. Quilbeuf, M. Barbier, L. Rummelhard, Ch. Laugier, A. Legay, B. Baudouin,
Th. Genevois, J. Ibanez-Guzmn, and O. Simonin “Statistical Model Checking
Applied on Perception and Decision-making Systems for Autonomous
Driving” Conference on Intelligent Robots and Systems (IEEE – IROS) October
1-5, 2018 Madrid (Spain)

Simulated scenario for the CMCDOT algorithm (top),Output of
CMCDOT (bottom)

E. Guilhaudis, C. Hennebert
“La blockchain : les enjeux
juridiques d’une promesse
technologique » - Ecobiz July 17,
2018 Grenoble (France)
This paper presents some points on
the legal aspects of the blockchain
deployment.

In this paper, we propose a generic method to evaluate complex automotiveoriented systems for automation (perception, decision-making, etc.). The
method is based on Statistical Model Checking (SMC), using specifically
defined Key Performance Indicators (KPIs), as temporal properties depending
on a set of identified metrics. By feeding the values of these metrics during a
large number of simulations, and the properties representing the KPIs to our
statistical model checker, we evaluate the probability to meet the KPIs. We
applied this method to two different subsystems of an autonomous vehicle:
a perception system (CMCDOT framework) and a decision-making system.
An overview of the two system is given to understand related validation
challenges. We show that the methodology is suited to efficiently evaluate
some critical properties of automotive systems, but also their limitations.
Future works include the definition of meaningful grid-based metrics for
stating more discriminating KPIs about the perception system. We also plan
to compare results obtained in the simulated environment with tests on
proving ground to ensure the validity of our approach. In addition, more KPIs
for the decision and perception could be introduced to accurately pinpoint
the cause of identified failures.

Ch. Laugier “Dynamic Traffic Scene Understanding using Bayesian Sensor
Fusion and Motion Prediction” – 15th European Conference on Computer
Vison (ECCV) September 8-14, 2018 Munich (Germany).
Despite significant improvements during the last decade of multiple onboard Sensors
(several LIDARSs in particular) & algorithms, embedded perception is still one of the
major bottleneck for motion autonomy. Lack of robustness & efficiency & embedded
integration is still a significant obstacle to a full deployment of these technologies.
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S. Kerroumi, D. Courousse,
F. Pebay-Peyroula, M. Ait Benaoud
and Anca Molnos «On the applicability
of binary classification to detect
memory access attacks in IoT”
Computer & Electronics Security
Applications Rendez-vous (C&ESAR
Conference Cyberweek) November
19-21, 2018 Rennes (France).
IoT nodes have faced several attacks
aiming to compromise their confidentiality
(illegitimately
accessing
private
information), integrity (tampering with
the data) and/or availability (denying/
discontinuing the provided service by the
node). In this work, detection performance
and leakage before detection of nine binary
classifiers used to detect memory access
attack have been compared. Two training
strategies were used, learning from one
type of attack and testing on other types
of attacks and learning from multiple types
of attacks. Quadratic Discriminant Analysis
(QDA) presented the best compromise
between classification accuracy and
computation/memory complexity for the
thermostat use case. The results indicate
that lightweight binary classifiers were
able to flag as suspicious the attacks in
their earliest stages.

A. El-Hokayem and Y. Falcone “Bringing Runtime Verification Home?”
18th International Conference on Runtime Verification (RV 2018),
November 10-13, 2018 Limasol, Chypre.
This paper presents the use of runtime verification (RV) to check various
specifications in a smart apartment. The specifications can be broken down
into three types: behavioral correctness of the apartment sensors, detection
of specific user activities (known as activities of daily living), and composition
of specifications of the previous types. The context of the smart apartment
provides us with a complex system with a large number of components with
two different hierarchies to group specifications and sensors: geographically
within the same room, floor or globally in the apartment, and logically following
the different types of specifications.
We leverage a recent approach to decentralized RV of decentralized specifications,
where monitors have their own specifications and communicate together to
verify more general specifications. This allows us to re-use specifications, and
combine them to: (1) scale beyond existing centralized RV techniques, and (2)
greatly reduce computation and communication costs.
The paper also illustrate how decentralized specifications tackle such
systems by explicitly modeling of interdependencies between specifications.
Furthermore, we illustrate monitoring specifications that detect ADL in addition
to system properties and even more specifications defined over both types of
specifications

L. Rummelhard, J.A. David, J. Lussereau, T. Genevois and C. Laugier
«Application of the CMCDOT framework to autonomous car navigation”
Conference on Intelligent Robots and Systems (IEEE – IROS) October 1-5,
2018 Madrid (Spain)
In this paper, we presented and demonstrated a pipeline for the validation of different
ACPS on two different automotive use-cases. The application of our approach based on
Statistical Model Checking to the decision-making system provides useful information
to the designer of the system and to the people in charge of the validation. This
valuable information is formulated through probability for our system to stay in a
certain range of KPIs (Key Performance Indicators).

Book chapters:
M. Diaz Nava, A. Castillejo,
S. Wuidart, M. Gallissot,
N. Kaklanis, K. Votis, D. Tzovaras,
A. Theodouli, K. Moschou, A.
Kazmi, P. Dallemagne,
C. Kassapoglou-Faist, S. Guillen,
G. Fico, Y. Brunet, T. Loubier,
S. Bergeon, M. Serrano, F. Roca,
A. Medrano and B. Ortiz Sanchez
“Next Generation Internet of
Things, distributed Intelligence at
the Edge and Human Machine-toMachine Cooperation”
River Publishers – Chapter 4, Endto-end Security and Privacy by
Design for AHA-IoT Applications

and Services page 103 à 138 (ISBN
9788770220088)
G. A. Legault, C. Verchere,
J. Patenaude “Soutenir le
déploiement de solutions
innovantes pour les personnes
âgées, L’exemple de VigiEHPAD »
Science and engineering Ethics
Volume 24, Issue 2, 1 April 2018,
Pages 529-549.
K. Rose-Dulcina, S. Genevay,
D.E. Dominguez, S. Armand,
N. Vuillerme «Relation between
the flexion-relaxation phenomenon
and back extensor endurance in
non-specific chronic low back pain

patients” - Gait & posture Volume
65, September 2018, Pages 176177.
L. H. J. Kikkert, N. Vuillerme,
J. P. Van Campen, Bregje
A. Appels,T. Hortobágyi and
C. J. C. Lamoth “The relationship
between gait dynamics and future
cognitive decline: a prospective
pilot study in geriatric patients”
International Psychogeriatrics,
Volume 30, Issue 9 (Issue Theme:
Quality of Care for Frail Older
Adults), September 2018 , pages
1301-1309
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DAMIEN COHEN
Easytech Program
Director

The Easytech program is one of IRT Nanoelec’s technology-transfer
instruments. Some of the program’s initiatives are financed in part by
the Auvergne-Rhône-Alpes regional government and several local
governments. Easytech focuses on transferring technology bricks to
expand participating companies’ product ranges. Above all, Easytech
is based on the needs expressed by SMBs—the primary beneficiaries
of the program. Easytech was established to boost smaller companies’
innovation processes; companies from all industries can take advantage
of Easytech to access advanced micro and nanotechnology to diversify
or to improve an existing product or manufacturing process. For practical
reasons, Easytech is a regional program—it is administered by Minalogic,
which claims a vast network of SMBs across the region and regional
innovation support organizations. However, the program’s activities
concern all of France.
Small and mid-sized companies in France struggle to integrate the latest
technologies. And yet, it is these technologies that have the capacity to
bring long-term competitive advantage. The main challenges are a lack
of information on the technologies that are available and the functions
they can provide, the need for a rapid return on investment (developing
a new technology from scratch takes at least five years—impossible for a
small business), an incapacity to finance their own R&D, and little to no
in-house electronics and innovation marketing know-how.
Easytech was designed specifically to respond to these challenges and
to bring the best in micro and nanoelectronics and digital technology
R&D—and embedded software and electronics technology bricks—to
small and mid-sized companies. The technologies available through the
Easytech program are developed at the labs and technology platforms
of two members of IRT Nanoelec, the CEA and Grenoble Institute of
Technology. Cluster Minalogic and nonprofit organization Jessica France
members, help administer the pre- and post-R&D stages of the program.
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The Easytech program’s three types
of services (creativity, auditing,
and R&D projects) were delivered
to 28 new beneficiaries in 2018,
bringing the total number of
projects involving IRT Nanoelec and
industrial companies to 233 since the
program’s inception. These projects
have involved 171 companies from
38 districts across France. And, in line
with the program’s initial targets,
participating companies represent all
sectors of the economy, including the
traditional manufacturing industries.
Easytech
representatives
also
completed consulting sessions with
55 companies in 2018, bringing the
total to date to 235

Easytech attended or exhibited at
several trade shows in 2018 to
promote the services available to
SMBs from a range of industries:
mountain/outdoor (Mountain Planet,
Grenoble),
manufacturing/heavy
industry (SEPEM, Grenoble), and
IoT (SiDO, Lyon). We also reached
out to small businesses at RDV des
PME Savoyarde in Chambery and
“Osez le Numérique” in Valence and
Clermont-Ferrand).

Projects conducted under the Easytech program are supported in part
by following government agencies:
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SME

testimonial

ALEXANDRE PALEOLOGUE
CEO MORPHOSENSE

Morphosense offers a technology that can be used for the continuous,
remote, real-time health monitoring of critical infrastructures like bridges,
tunnels, dams, historic buildings, and more. The technology utilizes a
network of high-performance MEMS and high-precision measurement of
3D deformation and vibrations to provide structural health monitoring.
The objective of the Morphocal project was to create a calibration machine to
completely automate the simultaneous calibration of several measurement
nodes and to maximize calibration performance.
“We were able to develop a completely novel calibration machine in
partnership with the CEA thanks to the IRT Nanoelec Easytech program and
the support of the Auvergne-Rhône-Alpes regional government and the
Greater Grenoble Intermunicipal Authority. Nothing else like it exists: It can
automatically calibrate ten nodes in eight hours—compared to one node per
day manually. And the temperature, rotation, and vibration calibrations are
repeatable.”
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SYLVIE BLANCO
YOULA MORFOULI
Education
& Training
Program Directors

As the micro and nanoelectronics industry has moved from Moore’s Law
to More than Moore, pressure on human resources has exploded. With the
growing economy, companies are increasing in size, driving rising demand
from employees. All of this is compounded by a challenging environment:
• Global competition for “tech” hires is fiercer than ever.
• Employees must be retrained frequently to keep pace with new technology,
new customers, and new industrial partners.
• Certain technologies will rapidly become obsolete as applications evolve;
this will require new skills. In addition, innovative, entrepreneurial thinking
is becoming increasingly necessary.
The human capital associated with IRT Nanoelec’s partners is thus a
major strategic asset, and one that will play a central role in the future. For
businesses, this human capital is a source of abundance and a key success
factor in terms of speeding up the growth of startups, including those rare
unicorns.
To make sure that high-demand skills are available in this environment,
teaching methods will have to give learners a much more active role
through experiential learning. This “learning by doing” can take the form
of case studies, simulation-based games, role-plays, interactive educational
software, simulators, video-based case studies, operating procedures,
exercises, and more. In addition, all stakeholders in the teaching and
learning processes will need to work together closely. Therefore, teaching
must be more tailored to the individual learner, taking into account his or her
prior knowledge and experience. The goal is to help the learner to acquire
skills that can be used in his or her current and future work environments.
It was in just such a spirit of collaborative design and development that,
in 2018, we introduced the RnDynEO training module in conjunction with
G-EM, G-IT, and STMicroelectronics. Beyond the success of this module, the
most important aspect is the benefits the collaborative process brought to
all of the partners: a system-level vision of the problem, greater creativity,
very enriching, higher and a final product that will create value within IRT
Nanoelec and beyond.
This approach deserves to be rolled out on a much broader scale, ideally
expanding the range of partners and users of this kind of training program.
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Industrial

testimonial
THIERRY FENSCH
VP Innovation & Partnerships, ST Microelectronics
The development of RnDynEO came out of the need to train our R&D employees on the Lean behaviors that are so vital to
improving our efficiency, whether it is in terms of agility, innovation, accountability, or teamwork in a project environment
that is becoming increasingly complex. The training programs out there were more focused on tools than on behaviors.
Ultimately, they weren’t really a good match for the employee-focused transformation our company is seeing.
The partnership with Grenoble Ecole de Management and Grenoble Institute of Technology positioned us to create an
innovative training program designed as an “experience” for the learner, with immersions in realistic situations through
simulations and serious games. We took full advantage of our partners’ know-how in these particular areas. The project
was truly collaborative, and several groups of STMicroelectronics employees were also involved.
The module is now part of our Lean training curriculum, and is very widely used by our R&D and adjacent departments.
The feedback from learners has been stellar. It is still too soon to assess the impact on our organization, but we have
already seen our people paying more attention to behaviors and improvement methods.
Working with Grenoble Ecole de Management and Grenoble Institute of Technology went very well. We all agree that the
training will be beneficial for all of us, and that it can also now be used more broadly, in higher education settings and with
other academic and industrial partners.
With its focus on employees and their engagement, RnDynEO is having an impact on our organizations’ cultures. It is
laying the foundations for continuous improvement and excellence that we will need to face the technical and peoplerelated challenges our R&D teams are confronted with every day.

Academic

testimonial
AURÉLIE CATEL AND PHILIPPE BODIGLIO
Grenoble Institute of Technology, and Christian Rivet and Ivan Laurens,
Grenoble Ecole de Management
Tango is a good example of one of our projects to hybridize two structures. In the fall of 2018, Grenoble Institute
of Technology and Grenoble Ecole de Management formed a partnership that enabled us to set up collaborative
projects involving students from both schools. Third-year Grenoble Institute of Technology students are assigned real
projects provided by companies (corporations, smaller companies, or startups). These projects have both technological
and business aspects. They have to manage the projects, make recommendations, and provide insights into a given
issue. Partner companies’ projects involve advanced technological innovations and business-related assignments like
screening applications or developing business models.
For Grenoble Ecole de Management, third-year students worked in groups on a virtual digital company. They “ran” the
company for a semester, going through all of the phases of a startup, from design thinking and project development to
market research. The goal was to come up with a full range of digital options for optimizing the project and prototyping
the final product so that the company could be presented to partners and to the market.
The course was structured around three main deliverables: a pitch by the “virtual” and “real-world” teams to present the
project and challenges; group work with students from both schools; and a presentation by the “consultant” team to the
“customer” team with recommendations. This innovative course mobilized 50 students and four faculty members over
two months. It also gave students from each school to explore the other’s workspaces. It was a wonderful experience
that brought two very different educational worlds—engineering and business—together successfully.
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Key publications
in 2018
C. Rivet, E. Heidsieck “L’enseignant,
ce peintre impressionniste qui
s’ignore”
The conversation August 6, 2018
The digital revolution is democratizing
power. Peers can collaborate to
create and share new knowledge,
or anything else. Everything is
available, all the time, and learning is
personalized. And teachers have to be
able to keep all of the balls in the air,
leveraging their knowledge to bring
learners a personalized experience.
Teachers help students seek out, sort,
and utilize knowledge. They stimulate
each individual learner to put his or
her knowledge into practice and
explore new knowledge.

Y. Morfouli « Initiation à la Cybersécurité » – Cyberweek 2018 22 – 26
January 2018 Valence (France)
Grenoble Ecole de Management offers its students experiential learning
on connected platforms developed in conjunction with IRT Nanoelec.
To teach students about an approach to the consumer, we give them a
complex theoretical model (Engel, Blackwell, and Kollat) in immersion in
our connected “store” laboratory. They go out with their phones and hunt
for information, playing the role of both consumer and reporter. They
take pictures of themselves, and go through all of the steps in the decision-making process, experiencing all of the variables in the theoretical
model. The deliverable is a photo-illustrated book with their findings.
Rather than just “teaching” the theory, the teachers created a situation in
which the students could actually live it. In another course, students get
an immersive experience in sensory fitting rooms where they can feel
the impact of color, music, and smells on consumer behavior.

Articles
A.Godener, E. Villiot-Leclercq and
B. Ragué “Histoires d’innovation
– Découvrir en BD les secrets des
entreprises qui réussissent »
Préface 6
An innovative approach to easy
learning to describe with simple words
secrets of innovative companies. With
its “easy learning” teaching method,
the book is designed to appeal to
different functions cognitive and to
promote the memorization of ideas:
creativity/emotion, logical reasoning.

C. Rivet, J. Reghem and M. Fornerino “Explorer l’expérience de shopping
dans un magasin phygital” – Décisions Marketing n°91 September 2018,
45-60.
This study presents a first exploration of the shopping experience in a
physical store. The objective is to identify the functions of digital and
physical devices and their impact on the dimensions and characteristics
of the experience. The study was done in a futuristic lab-store especially
designated to merge the physical and digital environments. Using
several focus groups, results show that the shopping experience includes
the phase of anticipation and choice of the products offered in the store
and the actual consumption phase of the distribution service. Digital,
physical and phygital devices contributes by their functions to the four
dimensions of the consumption experience identified in the literature.
The results show also that the experience unfolds continuously: the
transition from digital to physical or physical to digital is fast and fluid,
to the point that participants sometimes find it difficult to differentiate
between real and virtual.
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