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Foreword
TIMA is a public research laboratory sponsored by Centre National de la Recherche Scientifique (CNRS),
Grenoble Institute of Technology (Grenoble INP) and Université Grenoble Alpes (UGA). TIMA addresses some
of the most urgent and ambitious challenges related to the design of circuits and Systems-on-chip (SoC). The
research topics cover the specification, design, verification, test, CAD tools and design methods for integrated
systems, from analog and digital components on one end of the spectrum, to multiprocessor SoCs together with
their basic operating system on the other end.
In 2018, the personnel of TIMA included 38 permanent members (26 research staff and 12 administrative and
technical staff) for a total of 155 persons that worked in the Laboratory (including 52 PhD students, 15 postdoc/contract/associate researchers, 40 trainees and 10 visitors in addition to the permanent staff). The
laboratory is structured in the following five research teams:
• Architectures and Methods for Resilient Systems (AMfoRS): multi-level specification and verification
of hardware/software on-chip architectures; system-level modeling, analysis and testing; dependability of
integrated systems; secured integrated architectures; multi-level dependability evaluations.
• Circuits, Devices and System Integration (CDSI): MEMS: microgenerators, acoustic sensors, pressure
microsensors; BIOMEMS microsystems; asynchronous circuits and systems (asynchronous IP’s, NoCs,
GALS, etc.); non-uniform sampling and signal processing (algorithms, architectures, circuits);
reconfigurable asynchronous logic; safe and secure robust asynchronous circuits; smart CMOS vision
sensors.
• Robust Integrated Systems (RIS): robust massively parallel single-chip architectures; power
management from the OS down to silicon; fault tolerant and self-adaptive architectures; 3D NOC robust
architectures; design-for-reliability due to aging; process variation and soft errors; evaluation of robustness
and qualification: radiation tests, fault injection; architectures for nanotechnologies.
• Reliable Mixed-Signal circuits and systems (RMS): mixed-signal/RF integrated devices; test and
control techniques; design-for-test; diagnosis; embedded control; behavioral and statistical modeling
methods; CAD tools for test and control.
• System Level Synthesis (SLS): HW/SW architectures and CAD software for multiprocessor systems on
chip; specification, modeling, simulation and implementation of embedded systems on chip;
reconfigurable systems and rapid prototyping.
The 2018 edition of the TIMA annual report presents a brief and synthetic presentation of each research team,
followed by a scientific summary of the main on-going projects in each team. Each project is identified with the
relevant keywords, researchers, collaborations and contracts. The scientific production of 2018 includes 103
results: 27 articles in international journals, 39 articles in international conferences, 14 PhD theses, 14 invited
talks, 2 book chapters, 1 journal edition, 5 other communications and 1 protected software. A complete list of this
scientific production, classified by team and category, is also provided at the end of the report.
A large part of the research is financed by research grants and contracts. Some are large cooperative projects
with industrial and academic partners, at the national, European or world level; others are bilateral industrial
collaborations linked to a CIFRE doctoral co-tutorship or academic collaborations funded by our parent
institutions. Most contracts run from 3 to 4 years. In 2018, 44 contracts were in operation, out of which 11 new
contracts started during the year. The report gives an overview of the contractual activity.
Members of TIMA were active in the organization of 44 international conferences and workshops. The details of
these contributions to the scientific community are listed in the report.
Finally, TIMA takes an active part in the organization of the Grenoble Alpes research community, being linked to
the poles "Mathematics, Informatics and Communication" (MSTIC) and "Physics, Engineering and Materials"
(PEM). TIMA is also a member of the Carnot Institute LSI and the Laboratory of Excellence Persyval.
Salvador MIR
Further information may be obtained from:
Salvador MIR – TIMA Laboratory - 46 avenue Félix Viallet - 38031 GRENOBLE Cedex, FRANCE
Tel : (+33) 4 76 57 45 86 - E-mail : directeur-tima@univ-grenoble-alpes.fr
http://tima.univ-grenoble-alpes.fr/
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AMfoRS team (Architectures and Methods for Resilient Systems)
Themes
System-level modeling, analysis and testing
Dependability of integrated systems and architectures
Dependability of emerging computing paradigms; In memory computing, Nanocrossbars
Secured integrated architectures
Multi-level dependability evaluations
Emerging technologies: Design, Test, Reliability and Security

Expertise
Scientific
System modeling, fault detection/tolerance design, modeling of variability and aging effects, methods for robustness
analysis, hardware security, system-level testing
Fields of expertise
Dependability evaluation at various levels of the design flow, dependability improvement, hardware security,
system-level testing, hybrid CMOS – Non-Volatile technology design
Know-how
Fault tolerance or detection, fault injection, cryptographic accelerators, hardware attacks and counter-measures for
secured circuits, IEEE 1687-compliant testing
Industrial transfer
MAST - CAD-tool for system-level testing based on IEEE 1687 transferred to a company under incubation
IDSM functional continuous checking approach transferred to STMicroelectronics and Dolphin Integration
EARS – CAD-tool for digital circuit dependability analysis,
APP deposit IDDN.FR.001.530007.000.S.P.2016.000.10600

Research keywords
Dependability, Fault tolerance, Security, Aging, Robustness analysis, In-memory computing, Spiking Neural
Networks, Emerging technologies

Contact
Lorena ANGHEL
GRENOBLE INP Professor
(+33) 4 76 57 46 96
lorena.anghel@univ-grenoble-alpes.fr

Paolo MAISTRI
CNRS Researcher
(+33) 4 76 57 49 88
paolo.maistri@ univ-grenoble-alpes.fr
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System-Level Test Architectures and Standards
Keywords: Testing, IEEE 1687, System-level approaches, functional access
Members: M. Portolan
Contracts: MAST (Linksium)
1. Context and goals
The digital automated testing field has been living a
huge evolution in recent years: chips are becoming
more and more complex, System-on-Chips (SoCs)
are now common and new approaches like 3D
Chips/Stacked Dies are pushing design and
performance boundaries even further. Testing these
new components where traditional divisions
between component, device and system are blurred
is a formidable task, and the field is responding by
generating new dedicated approaches. Most actors
soon realized that such an effort is not feasible by
one entity, so different standardizations were
launched, some of which started bearing their first
results. Of particular interest is the new IEEE 16872014 standard, which develops and extends over
the widespread IEEE 1149.1 standard, commonly
known as JTAG, by adding several disruptive
innovations, among which of particular importance
are:
§ Dynamic-length scan chains
§ Instrument usage through a JTAG chain
These two elements have the potential not only to
completely change the landscape of automated
testing, but also to bring the current EDA tool to the
brink of breaking. Current tooling is in fact based
on a structural analysis of a System Under Test
(SUT), helped by precise hardware assumptions,
like for instance the fixed length of the scan chains,
which are used to achieve global optimization with
reasonable effort. Once these assumptions fall, the
complexity explosion itself might be enough to
render the tool helpless.
As depicted in Fig. 1, traditionally Testing starts after
the end of the Design phase, and its role is to
separate the “Bad” circuits, which would
malfunction, from the “Good” ones, which can be
shipped to customers.

analyzed in order to obtain one or more sets of
patterns, sometimes also called vectors. This
process, usually called Automated Test Pattern
Generation (ATPG), is based on a structural
analysis of the synthetized netlist obtained at the
end of the Design flow. Specialized Automated
Test Equipment (ATE) machines are responsible
for the Application of high-volume testing. The
essential quality of an ATE is to be as fast as
possible: factory testing is a crucial bottleneck
because each fabricated circuit needs to undergo
it. This means that the time spent of testing each
specimen is immediately reverberated over the
total cost because of the high number of fabricated
circuits. A Tester must therefore be able to apply
thousands of vectors in succession and identify
failing chips. There is no time for complex
decisions: even flow control is only used in order to
minimize test time, usually by stopping at the first
error. Debug and failure analysis can be done later,
offline, thanks to log file or using specialized
equipment.
We identified in this dichotomy the main limiting
factor: while most actors are focusing effort on
incremental evolutions of legacy solutions, we
decided to take a long-term approach and analyze
the whole Automated Test Flow in order to identify
its core strength and its limiting factors. Work done
in 2016 and 2017 allowed the development of a
new software, the Manager for SoC Test (MAST),
which implements several innovative and
disruptive concepts. As specified in the previous
Activity Report, 2018 was focused on the
Incubation of MAST for the launch of a possible
Start-Up, and on External communication.
2. Recent outcomes
This year we formalized a new Test Automation
flow, depicted in Fig. 2.
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Fig. 1: The Automated Test Flow

MAST Testing Ecosystem

The usual entry point of Testing is the Circuit Netlist
obtained after Synthesis (and sometimes even
after Routing), and the process is composed by two
steps: Generation and Application.
During the Generation phase, the design is

Fig. 2: MAST Testing Flow

The great difference with the legacy flow of Fig. 1
lies in the Elaboration step and its communication
with the Execution Backend, composed by MAST
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« Bad » Circuit

being executed on the Test Host: instead of
generating a full-fledged pattern set, the
Elaboration provides an Executable file. It will be
the role of the Host to generate patterns at the last
possible moment, when all information is available.
While algorithms are packed in the Executable file,
the “Configuration” file depicted in the lower half of
Fig. 2 is responsible for holding topology
information, to be used to build the DUT System
Model: is can either be a standard language like
ICL, a custom format to support specific topologies
or a combination of both. It is an application of the
Relocation principle, but using scan segments
instead of variable addresses.
The incubation work (software development and
scientific outreach) occupied most of 2018. This
work resulted in a Patent application [1] and in the
development of strong code base, protected
through the French Agency for Software Protection
(“Agence pour la Protection des Programmes”). In
the meantime, we have been looking for academic
cooperation to promote a widespread usage of
MAST and of the new Automated Test Flow
paradigm. The poster at the 2018 International
Test Conference [2] marks the first common result
with the Politecnico di Torino, Italy.
3. References
[1] M. Portolan, “Integrated Test Apparatus and Method”, FR
3066606 A1, Published: Nov 23, 2018
[2] M. Portolan, R. Cantoro, E. Sanchez, M. Reorda, “A
Functional Approach to Test and Debug of IEEE 1687
Reconfigurable Networks”, 2018 International Test
Conference, October 28-November 1, 2018, Phoenix, AZ,
USA
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Hardware/Software dependability analysis from High-Level descriptions
Keywords: dependability evaluation, fault injection, register criticality, high-level error models
Members: R. Leveugle, M. Portolan, K. Morin-Allory, J. Roux
Cooperations: LCIS, STMicroelectronics, Thalès Avionics, AEDvices consulting, LHC
Contracts: Safe-Air (AURA Region)
1. Context and goals
Significant effort has been targeted since more
than fifteen years on developing efficient
techniques to analyse, early in the design flow, the
functional consequences of soft errors in digital
circuits. The goal is to precisely identify the soft
errors leading to unacceptable application
disturbances, in spite of all the possible masking
effects due to the circuit architecture or to the
application characteristics. Most of the proposed
techniques start from synthesizable RTL
descriptions, already close to the final hardware in
terms of cycle accuracy and in terms of memory
cells identification. Embedded software is also
taken into account in the case of systems based on
microprocessors. Robustness evaluations may aim
at (1) classifying the soft errors with respect to their
functional impact, in order to compute derating
factors on the application failure probability, (2)
identifying error propagation paths, (3) identifying
critical locations or registers, (4) ensure that a
given set of behavioural properties always hold for
a given set of soft errors (e.g., a given maximum
multiplicity of erroneous bits). So-called fault
injection techniques are used in most cases. For
the latter case, the use of formal approaches had
also been studied in order to avoid exhaustive fault
injections, but with the classical limitations of formal
techniques in terms of scalability and/or
automation. New techniques have also been
developed to improve or to avoid fault injections,
without such limitations. Also, system-level
properties (or modelling) are considered in order to
refine the dependability evaluation.
2. Recent outcomes
The most recent fault injection platform developed
in the team is based on emulation and takes
advantage of the partial reconfiguration capabilities
of Virtex 5 FPGAs. It was made freely available [1]
and has been transferred in 2017 to
STMicroelectronics. In 2018, work started to
update this platform using more up-to-date FPGA
fabrics and in particular Xilinx 7 structures. This
work is on-going with the objective of a transfer for
collaborative projects.
In parallel, a significant effort has been targeted
towards new approaches, avoiding costly and timeconsuming fault injections at least in some phases
of the circuit development. It was demonstrated in
2016 that the dependability of digital circuits
described at RT-level (including potential

embedded software) can be accurately evaluated
by leveraging the simulation environment
developed for functional verification. Data lifetimes
in circuit registers are analysed on the basis of a
single functional simulation and the approach
guarantees conservative criticality results that is
not the case of statistical fault injection. Accuracy
is similar to usual statistical fault injection
conditions and allows identifying the most critical
registers for a given application run. It is also faster
than even emulation-based fault injections while
not requiring specific equipment or skills. The
analysis tool was protected in terms of intellectual
property in 2016 [2] for valorization. The limitation
is today that only intrinsic error masking can be
identified; specific fault-tolerance mechanisms
added to improve the intrinsic robustness cannot
be taken into account in this version. Collaborative
work with LIRMM laboratory was started [3].
Further work is discussed on this subject with
several partners and also work is on-going about
different applications of the methodology.
Current work also targets meaningful fault
injections at higher level, i.e. on virtual platforms
developed in SystemC TLM. The challenge here is
to guarantee a good correlation between the
robustness analysis on such a platform and the
results obtained at RT-level. Another aspect of the
work aims at refining the robustness analysis by
taking into account system-level properties rather
than only the correctness of the circuit boundaries.
A previous study had shown that especially in
cyber-physical systems circuit outputs may be
incorrect during a large number of cycles and with
large value discrepancies without significant
impact on the global system behavior. Identifying
such situations is important to avoid overestimations of system-level failure rates.
3. References
[1] http://users-tima.imag.fr/amfors/leveugle/ATEFIT5%20Page/ATE-FIT5.htm
[2] R. Leveugle, K. Chibani, M. Portolan, "EARS (Evaluation
Avancée de Robustesse de Systèmes intégrés / Early
Analysis of Robustness for integrated Systems)", APP
deposit No. IDDN.FR.001.530007.000.S.P.2016.000.10600,
December 30, 2016
[3] G. Di Natale*, M. Kooli*, A. Bosio*, M. Portolan, R. Leveugle,
"Reliability of computing systems: from flip flops to variables",
rd
23 IEEE International Symposium on On-Line Testing and
Robust System Design, Thessaloniki, Greece, July 3-5, 2017,
pp. 196-198 (Invited paper)
* LIRMM, France
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Design of secured crypto-processors and test access protections
Keywords: security, cryptographic systems, fault-based attacks, side-channel attacks, countermeasures,
authentication, IEEE 1687
Members: P. Maistri, R. Leveugle, G. Di Natale, V. Reynaud
Cooperations: ENSMSE, LCIS, STMicroelectronics, Thalès, LIRMM, JTAG
Contracts: ALADDIn (IDEX Grenoble), HADES (Penta), SPICA (FUI)
1. Context and goals
A current trend for many products, and in
particular for consumer and IoT products, is
toward an increasing need of security
(confidentiality,
data
integrity,
and/or
authentication).
These
services
rely
on
cryptographic protocols and algorithms, which can
be implemented in software or hardware
according to the performance requirements, and
to the cost constraints.
Many current secure implementations rely on
specific hardware blocks to implement the main
cryptographic functions. These functions can be
tampered by various attacks, either active (faultbased attacks) or passive (side-channel attacks:
computation time analysis, power analysis,
observation of electromagnetic emissions…). Socalled hardware attacks target the implementation
rather than the algorithm itself and are today a
significant threat for security, in addition to
software- or network-based attacks.
The work done in the team aims at (1) better
characterizing and modelling the effect and
feasibility of attacks, in particular fault-based
attacks by various means, and (2) propose
innovative countermeasures (i.e., protections)
against the different types of attacks. This section
of the report is focused on a novel attack against
a countermeasure developed in the team,
together with an extension towards authentication
and the possibility to secure test access in the
context of complex devices.
Our countermeasures are mainly implemented at
RT-Level, even when targeting low-level
characteristics such as power consumption. A lot
of work has been focused on the development
and validation of robust re-usable cores (IPs) for
cryptography. Previous and on-going studies
cover asymmetric (mainly ECC), symmetric (AES
and
lightweight
implementations),
and
homomorphic cryptosystems. New work is now
dedicated to hierarchical access authorizations to
embedded test and monitoring devices.

(ANR LIESSE) by our partner STMicroelectronics
in 28 nm bulk and FDSOI technologies. It has
been carried out in collaboration with our
colleagues from ENSMSE in Gardanne, where
extensive analyses have been conducted on the
chips [1,2]. A few experimental campaigns were
conducted: a first campaign aimed at validating
the feasibility of the attack gave inconclusive
results. A second campaign has been conducted
in order to assess the correctness of the setup.
The abnormal results obtained in this simplified
set of experiments put into question the reliability
of the circuits under attack. These partial results
were shared with the international community at
[3]. In the second part of the year, it was decided
to use a new set of chips available from the
previous project and thus new boards were set to
fabrication. The boards have been partially
completed, and will be soon object of full
experimentation against fault and side channel
attacks with our colleagues from ENSMSE
(Gardanne) and LCIS (Valence).
Another project aims at protecting the access to
embedded instruments in the framework of IEEE
1687 standard. In addition to protecting the scan
test access, as in older circuits, it becomes
necessary to selectively protect the access to
specific monitors that can provide sensitive data
to an attacker but need to be accessed on-line
during the whole lifetime of the circuit. There is
therefore a need for (hierarchical) authentication
and a real concern about the security of such
access when millions of chips can be
disseminated worldwide. The main effort of the
last year has been dedicated to proposing an
improved approach for secure authenticated
access to reconfigurable scan chains [4]. The
solution is based on a hashing IP supporting
mutual authentication between the device and the
user. With respect to the state of the art, the
proposed approach allows faster and cheaper
authentication in large SoCs. The protocol is
currently being evaluated from the point of view of
overheads and performance, and it will be
implemented on a FPGA prototyping board from
the project partner JTAG Technologies.

2. Recent outcomes
A project in 2017-2018 was targeted at validating
a new second-order laser attack on AES cryptoprocessors protected by specific time redundancy
(so-called DDR approach). The work was based
on circuits manufactured in a previous project
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3. References
[1] J.M. Dutertre, V. Beroulle, P. Candelier, S. De Castro,
L.B. Faber,
M.L. Flottes,
P. Gendrier,
D. Hély,
R. Leveugle, P. Maistri, G. Di Natale, A. Papadimitriou,
B. Rouzeyre, “Laser Fault Injection at the CMOS 28 nm
th
Technology Node: an Analysis of the Fault Model, 14
Workshop on Fault Diagnosis and Tolerance in
Cryptography”
(FDTC'2018),
Amsterdam,
NETHERLANDS, 2018
[2] J.M. Dutertre, V. Beroulle, P. Candelier, S. De Castro,
L.B. Faber,
M.L. Flottes,
P. Gendrier,
D.
Hély,
R. Leveugle, P. Maistri, G. Di Natale, A. Papadimitriou,
“Sensitivity to Laser Fault Injection: CMOS FD-SOI vs.
CMOS bulk (Early Access)”, IEEE Transactions on Device
and
Materials
Reliability,
DOI:
10.1109/TDMR.2018.2886463, 2018
[3] P. Maistri, J.M. Dutertre, R. Leveugle, “Laser Attacks
against DDR Redundancy”, Workshop on SecURity,
REliAbiLity, test, prIvacy, Safety and Trust of Future
Devices (SURREALIST'2018), Bremen, GERMANY, 2018
[4] V. Reynaud, P. Maistri, R. Leveugle, “Accès autorisé au
réseau reconfigurable de test par ensemble de segments”,
13ème Colloque du GDR SoC/SiP, Paris, FRANCE, 2018
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Digital System Failure Prediction face to Variability and Aging
Keywords: Reliability, Aging, Performance Monitors, Aging Monitors, DVFS, AVS, Machine Learning
Members: L. Anghel, M. Portolan, A. Sivadasan, R. Shah, K. Senthamarai Kannan
Cooperations: STMicroelectronics Crolles
Contracts: CIFRE contracts, HADES (Penta)
1. Context and goals
In complex SOC design manufactured in
nanometric technologies, circuit functionality in all
process corners and face to all kinds of
variabilities need to be verified. Variabilities and
wear-out degradation impact system performance,
potentially resulting in timing and functional
failures. Indeed, local and global variability, aging
phenomena, such as NBTI and HCI, have
become the most critical reliability issues. Hence,
taking into account these phenomena during the
during circuit and system design and validation
steps are mandatory, especially for high reliable
application such as automotive, health-care or
other mixed-critical applications. In fact, these
reliability
threats
can
severely
degrade
performance and in the worst case they can
provoke system failures. It is common for most of
these applications to embed reliability and
performance monitors.
The usage of in-situ monitors for error and preerror detection allow decreasing the constraints
imposed on the overall design. They are
implemented together with adaptive voltage
scaling (AVS) technique or Dynamic Voltage
Frequency Scaling (DVFS) which are triggered by
pre-errors in-situ timing monitors while adapting
dynamically the frequency and the voltage
according to the operating conditions and the
application needs [1]. Therefore, the performance
degradation can be compensated and the circuit’s
lifetime can be extended.
2. Recent outcomes
In the framework of a long term on going
collaboration
between
TIMA
and
ST
Microelectronics several aspects have been
tackled and arrived to some maturity in 2018:
§ Different pre-error monitors have been
designed. They are based on Replica Path
principle, but the design has been optimized to
allow sensing local and global variability and
aging degradations [3], [4].
§ Variation and aging sensitivity estimation
methodology was applied to a large digital
circuit and results have been published in
paper [4] and the correlation with CAD
simulation and test data has been performed.
Data were obtained with and without body-bias
(AVS) techniques, with static and dynamic
stress, which is crucial to understand the

impact of the activity (workload) on the circuit
degradation.
§ Current design practices perform monitors
insertion in near-critical paths, identified by
classical techniques such as Static Timing
Analysis (STA), with the assumption that they
should be the first affected by transistor
degradation. Even if promising this approach
still has a serious weak point: phenomena
such as NBTI and HCI are strictly correlated to
circuit activity, generated by the executed
workload. This means that: aging is not
necessarily coherent with STA results, as
near-critical paths may be seldom activated
[4]. Experiments demonstrated how STA
performed on aged circuits can deliver a
significantly different set of near-critical paths
depending on the workload.
§ To tackle the above-mentioned issue, we
decided to explore a new research direction
consisting in find a near-optimal monitor
placement strategy based on predictive aging
modeling; Therefore, we prioritize data-driven
automated learning approaches to model the
specific
near-unpredictable
behavior
of
transistor aging. Our research activities
focused on the development of Machine
Learning algorithms for predicting circuit aging.
This implied a deep bibliographic effort to
identify the main physical aging phenomena
and insert them in a ML-friendly model. This
allowed us to couple a lightweight Machine
Learning prediction framework with traditional,
computationally intensive circuit simulations as
validation. First applied on the older
technology,
this
Proof-of-Concept
was
presented with success as a Poster [5], where
the demonstrated its capability to reliably
model path aging. The activity is progressing
on two fronts: on the one hand port the model
to the FDSOI 28nm technology, more prone to
aging, and on the other hand, to apply the ML
framework to the identification of an optimal
set of monitor insertion points.
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3. References
[1] A. Benhassain, F. Cacho, V. Huard, S. Mhira, L. Anghel*,
C. Parthasarathy, A. Jain, A. Sivadasan, “Robustness of
Timing In-Situ Monitors for AVS Management”, in Proc of
International Reliability for Physics of Semiconductors,
IRPS 2016
[2] A. Sivadasan, R. Shah, F. Cacho, L. Anghel, “NBTI aged
cell rejuvenation with back biasing and resulting critical
path reordering for digital circuits in 28nm FDSOI”, Design
Automation and Test in Europe (DATE'2018), Dresden,
GERMANY, March 19-23, 2018
[3] R. Shah, F. Cacho, L. Anghel, “Investigation of speed
sensors accuracy for process and aging compensation”,
IEEE International reliability Physics Symposium
(IRPS'2018), San Francisco, USA, March 11-15, 2018
[4] R. Shah,
F. Cacho,
R. Lajmi,
L. Anghel,
“Aging
Investigation of Digital Circuit using In Situ Monitors”, IEEE
IIRW 2018
[5] K. Senthamarai Kannan, M. Portolan, L. Anghel, “RunTime Aging Prediction Through Machine-Learning”, 2018
International Test Conference, October 28-November 1,
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Emerging Technologies and Applications to Reliability, Test and Security
Dependable Spiking Neural Networks based on Emerging Technologies
Keywords: spiking neural networks (SNN), reliability and test of SNNs, spintronic and memristive synapses
Members: L. Anghel, G. Di Natale, E.I. Vatajelu
Cooperation: LEAT, CEA-LETI, CEA-SPINTEC
Project support: EU H2020 NANOxCOMP
circuits. Indeed, they resort to the combination of
devices with both deterministic and stochastic
behaviours and they include both digital and analogy
elements. A test strategy suitable for SNNs should be
able to test the correct operation of both neurons and
synapses, it should be economical (in area, power and
performance overhead), it should not depend on the
training data nor on the context the network would be
used. This last condition is important for generalpurpose SNNs, which could be used in different
scenarios. Indeed, it is possible for SNNs with online
learning to be used for pattern classification within
different contexts, as long as the problem space is
equal or smaller than the input-neuron space.

1. Context and goals
In recent years, hardware-implemented Spiking Neural
Networks (SNN) have shown to bring an improvement
in efficiency compared to classical activity-based
Artificial Neural Networks (ANN) while ensuring
comparable classification performances. In order to get
the maximum efficiency out of hardware implemented
SNNs, functional modules (neuron-synapse) have to be
designed in such a way that their input/output
characteristics provide the learning and processing
capability required by application. Additionally, the
network connectivity has to allow for high integration
with strong and reliable reconfiguration and adaptation
characteristics.

2. Perspectives: SNN Testing

For a robust and efficient hardware implementation of
SNNs we have to jointly-consider the characteristics of
the SNN itself (connectivity, neuronal activation
function, learning rule and synaptic update) and the
characteristic of the devices used to implement it
(CMOS ON/OFF current and threshold voltage,
conductivity modulation and current-compliance of the
RRAM, etc.). Here we focus on a fully-connected SNN,
that learns using the Spike Timing Dependent Plasticity
(STDP) method with lateral inhibition, with integrateand-fire neuron and resistive synapses (see figure). Fig.
a) sketches the connectivity between two consecutive
layers of such a network. The synapse and its control
circuit are illustrated in Fig. b), while the functional
structure of a neuron is illustrated in Fig. c).

In future research, we will devise models and test
strategies according to the specificity of the synaptic
array. For the analog synapse implementation, a
classical analog test could be used, while for the binary
implementation with probabilistic programming an
entirely new test strategy should be devised. The main
challenge here is to identify a strategy to test for the
randomness of the resistive device programing. This
test has to be low cost and have no impact on the
network behavior at runtime. A possibility is to start use
similar strategy as the ones used for the testing quality
of true random number generators. Regarding the
neuron, it is in most cases an analog device, and
classical analog test can be used. The main challenge
here is to find a way to apply the test vectors and read
the circuit response.

While many efficient solutions exist for testing
traditional designs, to the best of our knowledge, there
is no work so far dealing with the post-fabrication
testing of a hardware-implemented SNN. In this work
we
study
main
constraints
of
hardware
implemented SNNs, possible faults and reliability
issues, together with main challenges faced by
post-fabrication test. Circuits implementing SNNs
have some major differences compared to classical
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[1] L. Anghel, G. Di Natale, B. Miramond, E.I. Vatajelu,
E. Vianello, “Neuromorphic Computing - From Robust
Hardware Architectures to Testing Strategies”, 26th IFIP
IEEE International Conference on Very Large Scale
Integration (VLSI SOC 2018), Verona, ITALY, October 810, 2018
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(c) Integrate and Fire Neuron

PPre

Emerging Technologies and Applications to Reliability, Test and Security
Security Primitives with Emerging Technologies
Keywords: True Random Number Generators, Physically Unclonable Functions, Security, Spin-TransferTorque Magnetic Tunnel Junction
Members: G. Di Natale, E.I. Vatajelu
1. Context and goals
Security primitives are low-level cryptographic
algorithms used to build protocols for computer
security systems. As an alternative to classical
mathematical cryptography primitives, novel
hardware security primitives are used today, such
as Physically Unclonable Functions (PUFs) – for
implementing low-cost authentication protocols or
secure key generators, key storing, and one-way
functions; and True Random Number Generators
(TRNGs) – which provide random keys, device
identification, and seeds for Pseudo Random
Number Generators (PRNGs).
The Physically Unclonable Functions (PUFs)
exploit
intrinsic
manufacturing
variability
introduced in a device during the fabrication
process to generate a signature, unique to each
single device. In order to guarantee its security,
the generated secret key must be unique from
device to device (unclonable), and, for a same
device, it must be robust with respect to aging and
environmental variations (reproducible).
True Random Number Generators (TRNGs) are
used to generate random numbers from a
physical process, rather than a computer
program. They are implemented by taking
advantage of thermal noise or other quantum
phenomena and are expected to generate random
bits with very high entropy and zero correlation.
An on-chip TRNG design should occupy small
area, give high bit rate, and have low power
consumption, while assuring un-biased bit
streams with high entropy per bit and low (no)
correlation among them.
The continuous technology scaling has brought
forth many challenges for today's ICs, such as
increased variations in the fabrication process,
increased sensitivity of transistors to operating
conditions, increased power consumption, and so
forth, pushing today's CMOS ICs to their limits.
The severity of these issues and the everincreasing need of smaller, more power efficient,
and faster computers, have opened the field to the
development of emerging technologies. The SpinTransfer-Torque Magnetic Random-Access Memory (STT-MRAM) has emerged as a promising
choice for embedded memories due to its reduced
read/write latency and high CMOS integration
capability. Moreover, the spin-based technology
has been proven useful in various other
applications like approximate computing. While

many papers exist on the design and reliability
analysis
of
emerging
spin-transfer-torque
magnetic devices, few studies exist for PUF and
TRNG.
Concerning TRNGs, we have proposed a solution
exploiting the intrinsic stochasticity characterizing
the write operation [1]. Indeed, the write operation
has a stochastic behaviour, i.e., the success of a
write operation is a probabilistic phenomenon, due
to the intrinsic thermal instability of all magnetic
nanostructures.
This
instability
can
be
manipulated to set the write probability to 50 %,
thus generating random numbers. Compared to
existing solution, in our work we provided a
thorough analysis of the MTJ behaviour under
variability and we have provided a solution
dedicated to VLSI implementation of a CMOScompatible MTJ-based TRNG. The solution
exploits the post-processing power of XORs and
does not require complex analog design to
compensate the effects of variability and noise.
This makes the design straightforward and
guarantees the quality of the random numbers
from the first generated bit.
2. Perspectives: Towards Reliable PUFs
In future research, we target the hardware
implementation of reliable PUFs. We will build on
our previous work [2-3] and we will propose
solutions to identify and mask unreliable PUF
responses with the purpose of assuring high
reproducibility of the PUF response over large
range of operation conditions at a minimum price.
3. References
[1] E.I. Vatajelu, G. Di Natale, “High-Entropy STT-MTJ-based
TRNG,
IEEE
Transactions
on
VLSI”,
DOI:
10.1109/TVLSI.2018.2879439
[2] E.I. Vatajelu, G. Di Natale, M. Barbareschi, L. Torres,
M. Indaco,
P. Prinetto,
“STT-MRAM-Based
PUF
Architecture Exploiting Magnetic Tunnel Junction
Fabrication-Induced Variability”. J. Emerg. Technol.
Comput. Syst. 13, 1, Article 5 (May 2016), 21 pages. DOI:
https://doi.org/10.1145/2790302
[3] E.I. Vatajelu, G. Di Natale, P. Prinetto, “Towards a highly
reliable SRAM-based PUFs”. In Proceedings of the 2016
Conference on Design, Automation & Test in Europe
(DATE'16). EDA Consortium, San Jose, CA, USA, 273276

AMfoRS team - 14

Emerging Computing: Design, Test and Dependability of In-Memory
Computing Applications
Design for Testability
Architectures

and

Reliability

of

In-Memory

Computing

Keywords: in-memory computing, emerging technologies, design & reliability
Members: L. Anghel, E. I. Vatajelu
Cooperations: IMEP-LAHC, Aix-Marseille Université, SPINTEC-CEA
Today’s computing systems are facing a plethora
of issues related to architectural and technological
limitations. Form an architectural perspective,
three main problems have been identified as
being the bottleneck for future system
development and performance improvement, i.e.,
the memory wall, the power wall and the
instruction-level parallelism wall. The memory wall
refers to the ever-increasing gap between the
speed of the Central Processing Unit (CPU) and
that of the memory outside the CPU chip [1]. In
recent years, processor speeds have increased
significantly, while memory improvements have
mostly been in density while transfer speeds
remain mostly constant. As the speed gap
increases, the CPU speed improvement becomes
irrelevant since the overall computation speed is
limited to the rate of transfer allowed by the
memory. The problem is particularly acute in
highly parallel systems, but occurs in platforms
ranging
from
embedded
systems
to
supercomputers, and
is
not limited
to
multiprocessors. The power wall refers to the
peak power constraint of a system. With
technology scaling, more and more devices can
be packed on limited chip area which leads to
considerable increase of the power density,
despite the reduction of the supply voltage. This,
in turn, causes an increase in the chip
temperature and expensive cooling strategies
need to be implemented. In addition to these
architectural
bottlenecks,
the
technology
development is facing a scaling wall, i.e., a limited
possibility of miniaturization of fabricated devices,
diminished returns in performance and increased
leakage power.
The main trend today is to speed up computing by
using hardware accelerators, i.e., do computingintensive jobs in hardware. Our work is focused
on
bringing
computation
kernels
(which
traditionally use large resources in SW) to HW
and implement them by using the Computing InMemory (CIM) paradigm. This means a change in
the computing paradigm to data centric
computing. The HW implementations take
maximum advantage of specific emerging
memory device characteristics.

circuitry, to minimize the time and the energy
needed to move data across the processor.
Research efforts are directed to proving the
effectiveness of emerging memory devices
(spintronic and memristors) to achieve the inmemory computing ambition through the
development of new low-cost architectures with
high reliability and low power consumption [2].
In this context, we perform a comprehensive
study of emerging device integration in
storage and computational structure leading
to technology benchmarking in the context of
the CIM paradigm. We will address circuit
design, test and reliability challenges related to
memristive and spintronic technologies, from
basic computation cells up to the CIM
architecture.
Our current research and collaborations in relation
with this topic are threefold: (i) to use enhanced
compact models of emerging devices to perform
failure analysis and define pertinent fault models;
(ii) to investigate meaningful reliability threats
affecting the CIM modules and architectures, and
derive solutions for their mitigation (Design-forReliability), (iii) to establish design and test
methodologies
for
these
devices
and
architectures.
References
[1] C. Pancratov, J.M. Kurzer, K.A. Shaw, L. Matthew, “Why
computer architecture matters: memory access”,
Computing in Science and Engineering, vol. 10, no. 4, pp.
71-75, 2008
[2] E.I. Vatajelu,
L. Anghel,
J.M. Portal,
M. Bocquet,
G. Prenat, “Resistive and Spintronic RAMs: Device,
Simulation, and Applications”, IEEE International On Line
Testing (IOLTS'2018), Platja d'Aro, SPAIN, July 2-4, 2018

Computing In-Memory (CIM) concept is based on
merging memory elements and computational
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Nano-crossbar arrays have emerged as area- and
power-efficient structures with an aim of achieving
high performance computing beyond the limits of
current CMOS. Due to the stochastic nature of
nano-fabrication, nano arrays show different
properties both in structural and physical device
levels compared to conventional technologies.
Mentioned
factors
introduce
random
characteristics that need to be carefully
considered by synthesis process. For instance, a
competent synthesis methodology must consider
basic technology preference for switching
elements, defect or fault rates of the given nano
switching array and the variation values as well as
their effects on performance metrics including
power, delay, and area. Currently, computing is
achieved with crosspoints behaving like switches,
either as two-terminal or four-terminal.

literal, if a different literal can be chosen to make
the cell robust, (2) replace column (or row) with
spare, if the literal is critical to the output.
In the study in [1] we have presented a synthesis
methodology for crossbar arrays having
crosspoints working as FET, diode/resistive/
memristive, or four-terminal switch based devices.
We have analyzed logic synthesis-dependent
defect/fault tolerance techniques, and have
performed variation-area-power-delay performance optimization.
References
[1] M. Ceylan Morgul, O. Tunali, M. Altun, L. Frontini,
V. Ciriani, El.I. Vatajelu, L. Anghel, C. Andras Moritz,
M.R. Stan,
D. Alexandrescu,
“Integrated
Synthesis
Methodology for Crossbar Arrays”. In Proceedings of the
th
14 IEEE/ACM International Symposium on Nanoscale
Architectures (NANOARCH'18). ACM, Athens, GR, 91-97

A competent synthesis methodology must
consider basic technology preference for
switching elements, defect or fault rate of the
given nano-crossbar and the variation values. The
synthesis methodology used in this study
comprehensively covers the all specified factors
and provides optimization algorithms for each step
of the synthesis. The main goal of this cooperation
is the development of a complete synthesis
and optimization methodology for switching
nano-crossbar arrays that leads to the design
and
construction
of
an
emerging
nanocomputer.
We have investigated the possible defects and
faults that can occur in these types of structures
and have categorizing them as permanent and
transient. In this context, defect tolerance
basically means finding defect-free region or
crosspoint which can be employed during logic
synthesis. In our present study [1] we have
performed a sensitivity analysis of crosspoints to
these defects.
Our proposed method for defect tolerance utilizes
the sensitivity analysis of crossbar to identify
critical switches, and using mitigation factors to
strengthen them. We have observed that the more
restrictive an algorithm is in terms of area (results
closer to optimal solution), the higher is the
sensitivity of the output to cell defect. For
instance, if an injected defect occurs in a multiplechoice cell, we have 2 option: (1) change the
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1. Introduction

2. Architecture and prototyping platform

Designing modern System on a Chip (SoC) is
based on the joint design of hardware and
software (co-design). However many educational
courses/labs worldwide target hardware design
or software design only. Thus understanding the
tight relationship between the two aspects is
poorly addressed.

The proposed tutorial is based on the RISC-V
instruction set architecture (ISA) belonging to the
reduced-instruction set processor (RISC) family.

We are experimenting at Grenoble Institute of
Technology a new set of training labs dedicated
to Master 2 students and young researchers.
This set of training labs is based on the use of
the free and open-source RISC-V processor
architecture [1], and on the Rocket Chip [2]
design platform, which is open source, recent,
well maintained, and evolves with the standard
RISC-V specification. RISC-V being open source
and royalty free, its adoption is growing in the
industry (Nvidia, Western Digital, Microsemi,...)
as well as in academia (research and education).
Rocket Chip allows the generation, simulation
and FPGA mapping of highly configurable
architectures, allowing students to deepen their
knowledge and putting into practice the
theoretical concepts acquired in courses and
tutorials. The Rocket Chip SoC platform is also a
good candidate for research development thanks
to its hardware/software modularity and its tuning
capabilities.
Here follows a short description of the
hardware/software design environment and what
has been developed for educational and
develoment purpose, more details can be found
in TIMA's website [3]. First research experiments
using this platform are under development.

Although the RISC-V processor architecture is
open-source, there are some commercial
implementations such as Codixip's Codix-Bk
processors. There are also open source
implementations such as Rocket core [2], BOOM
core (Berkley Out-of-Order Machine) [4], PULP,
PULPino [5].
A technical study of a set of tools was carried out
and led to the choice of the Rocket Chip platform
as a SW/HW development platform, with the
Rocket core (RISC-V based) as the main
processor.
2.1. Design flow
The Rocket Chip platform consists of a SoC
generator that can be used to generate different
hardware architectures. Two interconnected
design flows are available (see Fig.1):
1. A hardware design flow including hardware
components, described either in CHISEL [6],
a
hardware
description
language
(Constructing Hardware in a Scala Embedded
Language), or in Verilog language. These
resources can be compiled and synthesized
for implementation on FPGA / ASIC with
industrial tools, or translated into a hardware
emulator (C Emulator or verilated emulator)
executable on PC machines (x86). The result
is an integrated hardware system that can
operate on any RISC-V software code.

Figure 1: HW and SW design flow
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2. A software design flow including software
components. When compiled, assembled, and
linked they lead to build a binary that will be
run on the RISC-V target machines. These
binaries can run as bare metal or they can
rely on a real-time operating system such as
FreeRTOS or run using an embedded Linux
OS.

3. Proposed Training

To execute the produced binary, an instruction
set architecture simulator called Spike [7] is used.
It is a simulation program that runs on a PC x86
machine, which verifies that the binary complies
with the official specification. As Spike does not
take into account some specificities of the
hardware, a generated hardware emulator (C
Emulator) is used to emulate the behaviour of the
real hardware. It is a cycle accurate bit accurate
(CABA) emulator that can be used to measure
program run times in clock cycles, and allows the
inspection of internal signals of the processor(s)
and custom devices. The emulator allows the
developers to test and debug their own devices
written in either Verilog or CHISEL.

The main objectives are to become familiar with the
software and hardware development environment:
practical implementation of concepts and
techniques such as cross-compilation, assembly,
link editing, debugging, scripting, hardware design
and emulation of different system architectures by
tuning the architectural parameters. Events which
can interrupt the execution of a program are also
studied and implemented: exceptions, system calls
and interruptions. Types of interrupts, sources,
access to configuration registers, configuration of
interrupt service routines (ISR) and change of
context are particularly studied.

2.2. Rocket Chip Architecture
The Rocket Chip platform, depending on the
chosen parameters, generates (see Fig. 2)
different SoC architectures including:
1. Rocket tiles, composed of one or multiple
Rocket cores with L1 cache data and
instructions.
2. A system bus and peripherals: an open
source TileLink bus that interconnects the
various system components (standard or
custom devices, interrupt controllers, tiles...)
3. A debugging interface: using Debug Transport
Module (DTM) or JTAG for debugging and
programming purposes.

The developed training labs illustrate and deepen
theoretical concepts seen in class lectures:
§ Relationship between hardware and software
§ Exceptions, interrupts and traps
§ Multi-tasking,
multi-processing,
memory
coherence
§ Development and integration of custom devices

A basic multi-tasking application is implemented in
assembly on a single-processor system in order to
master the notions of time-sharing and context
switching. Then, multiprocessor architectures are
used to understand the mechanisms of memory
coherence and the challenges that arise during the
design of complex systems.
4. IV Rocket Chip for Research development
From a research point of view, in the AMForS group
of TIMA we plan to use this platform to develop and
validate methods and architectures to improve the
reliability and robustness of SoCs:
§ at system level (development of dedicated
coprocessors such as Power Management
Units, crypto processors, aging monitoring units,
...)
§ at component level (enhancing the processor
with fault tolerance features for example)
5. References
[1] RISC-V Foundation website: https://riscv.org/
[2] K. Asanović et al., The Rocket Chip Generator, Technical
Report
No.
UCB/EECS-2016-17,
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Figure 2: Architecture of the generated SoC

The hardware platform is highly configurable.
One can configure different internal parameters:
number of tiles, number of cores, sizes and
policies of the caches, parameters of the MMU
(PTW and TLB), activation or deactivation of the
FPU, addition of dedicated hardware accelerators
(RoCC). It is also possible to enhance the SoC
by including peripherals and interrupt controllers.
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California, Berkeley, December 4, 2016
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1. Design and performance optimization of a
thermo-magnetically activated piezoelectric
generator (TMAPEG)
The goal of this research is to design a thermomagnetically activated piezoelectric generator
able to convert small ambient temperature
variations into electrical energy, which will be
usable to power wireless sensors.
Our energy generator can be divided in two main
sections based on their functions: the energy
transducer and the triggering system. The energy
transducer is composed of a piezoelectric
bimorph-type cantilever beam. The triggering
system consists of two permanent magnets
(NdFeB), which are attached to the free end of the
beam, and a soft magnetic material (FeNi), fixed
under the free end of the beam, forming an air
gap. The generator has two operation states: the
closed position and the open one. In the initial
state (open position), at a cold environmental
temperature, the soft magnetic material is
magnetized so the cantilever beam is pulled-down
due to magnetic force. Later, when the ambient
temperature increases, the magnetic properties of
the soft magnetic material become paramagnetic,
causing the magnetic force to disappear. The
beam is pulled back to its initial state because of
the spring restoring force. This process of pullingdown and pulling-back of the beam is periodically
repeated as long as the energy harvester is
placed in an environment with cycled variations of
temperature. For visual representation of the
energy generator and its performance, the reader
is referred to Figure 1.
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Figure 2: Schematic circuit of the electro-mechanical model
of the TMAPEG
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The maximum average power and average power
density of proposed generator are 40µW and
3
250µW/cm , respectively. An equivalent electrical
model (see Fig.2) is used for running design
optimization algorithms to miniaturize the
generator. This model is also used for the
integration of an energy power management
module [2].

[2] A.A. Rendon-Hernandez, M. Ferrari, S. Basrour, V. Ferrari
“Electrical modeling and characterization of a thermomagnetically activated piezoelectric generator (TMAPG)”
Dec 2018 PowerMEMS Daytona (FL) USA
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Based on the approach presented in [1], we
developed, using commercial package ANSYS, a
coupled multiphysics finite element model (FEM)
to analyse the generator behaviour. The validity of
this FEM has been verified with experimental
results suggesting a reliable estimate. Our
proposed FEM promotes a better understanding
of the parameters design of such a novel energy
generator. Moreover, it offers an effective way to
predict and to improve the generator performance.
We started by investigating the temperature
response of the system; afterwards, the
temperature dependent magnetization is studied
to finally examining the piezoelectric transduction
and the output power.
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Figure 1:
Top left: photograph of the assembled harvester in the test
clamping fixture; bottom left: schematic view of the generator
showing the temperature time-variation as the energy source;
top right: comparison of the generated voltage considering 1
thermal cycle; bottom right: average power dissipated during 1
thermal cycle as function of the load resistor
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1. CMOS-MEMS for acoustics
A successful design of an efficient source
generating acoustic pressure in the air by means
of vibrating diaphragm must maximize the product
of the diaphragm area, its vibrational velocity and
frequency. Such a condition limits the exploitation
of MEMS-based devices as acoustic sources, in
particular in low frequency range, to in-ear or
similar applications generating low power signals
in closed couplers.
Various approaches to the acoustic generation in
air with MEMS use magnetic or piezoelectric
materials. Their principal disadvantage is the need
to integrate a material that is not a part of a
CMOS fabrication process. Another approach
consists in digital sound reconstruction involving
the summation of discrete acoustic pulses
generated by individual acoustic transducers
arranged in a matrix and operating in a binary
way. Others presented such a digital speaker in a
configuration using a capacitive principle.
Recently, works showing the feasibility of MEMS
using CMOS technology followed by surface
micromachining without mask have been
published. Unlike the older approach, where
suspended MEMS components were obtained by
silicon substrate etching, the proposed technology
consists in etching oxide layers resulting from the
CMOS process and thus releasing metallic layers
of the same CMOS technology. Until now, various
applications of this technology were reported and
only few of them treat acoustic sources [1].
We show that the industrial 0.35µm CMOS
technology can be considered also for sources of
airborne acoustic signals. The ultimate goal is the
monolithic integration of a device working both as
a source and a sensor with electronics, thus
facilitating signal routing, suppressing parasitic
effects, and improving the signal-to-noise ratio.
The acoustic source fabrication is based on AMS
0.35µm CMOS back-end process consisting in the
silicon dioxide sacrificial layer removal by
hydrofluoric acid (Silox Vapox III) wet etching. The
electrostatic transducer structure (Figure 1a) is
composed of a squared perforated diaphragm
3
(500 x 500 x 0,925 µm ) and a solid back plate,
formed by CMOS metallic layers, separated by an
air gap (2,64 µm). The holes size (5 µm) and
position on the diaphragm have been chosen to

allow a sacrificial layer etching and to avoid an
excessive damping due to the air gap. The
diaphragm is anchored, through vias.
We have performed the finite element modeling of
the acoustic source, followed by the fabrication
process and by the device characterization. The
preliminary measurement results report the
acoustic pressure in the range of tens of mPa
generated by the MEMS device at a distance of
10 mm.
Perforated diaphragm
(metal M4)

Metal M3
Air gap M4-M2

Anchor
(vias + oxyde)

Backplate (metal M2)

Si substrate

a)

SiO2 oxide

Metal M4

Metal M3

Metal M2

Vias

SiO2 oxyde

Si substrat

b)

Figure 1:
a) Schematics of the CMOS-MEMS acoustic source structure
b) SEM image of the device and detail of the etched metallic
diaphragm

In the collaboration with the CityU, we presented
an aluminum nitride (AlN) on silicon (Si) CMOScompatible piezoelectric micromachined ultrasonic
transducer (PMUT) capable of an extended
detection range of up to 140 cm for touchless
sensing applications. AlN-PMUTs have been of
increasing interest for range-finding applications
over PZT and ZnO films owing to their CMOScompatibility
and
maturity
of
deposition
techniques, but are limited to a detection range
below 1 m. The proposed PMUT diaphragm
comprises a thin 0.5 µm AlN film on a 10 µm-thick
Si device layer as shown in Fig. 2a. A thicker
diaphragm allows for large membranes for a given
resonant frequency (33 kHz). Fig. 2b shows the
measurement result of the time-of-flight (TOF)
between the input burst signal and the received
enveloped pulse. Obtained dynamic detection is
covering a range from 40 to 140 cm.
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2. Opto-mechanical
systems
photoacoustic trace gas sensors

for

This research topic is done in collaboration with
the CEA Léti.
Known from many years, photoacoustic (PA)
spectroscopy allows today the detection and
characterization of gas traces with a very good
sensitivity and selectivity. This technique is used
in many fields: environmental measurement,
detection of dangerous molecules or medical
diagnostics. The photoacoustic effect consists in
the emission of an acoustic wave after absorption
of a laser radiation by specific gaseous molecules.
Photoacoustic measurement is known as a “zerobackground” technique, allowing a low limit of
detection. Various differential photoacoustic cells
targeting device miniaturization have been
designed at CEA Leti, reaching the sub-ppm
detection limit.
Figure 2:
a) Cross-sectional view of the proposed PMUT
b) Result of time of flight measurement

The collaboration with the University of Brescia is
focusing a piezoelectric micro-electro-mechanical
system (Piezo-MEMS) acoustic transducer able to
electrically tune the resonant frequency in receiver
and transmitter modes. In the proposed design,
four interdigitated transducers (IDTs) are placed
on a 6 x 6 mm squared diaphragm (see Fig. 3).

Three main blocks can be identified in the
photoacoustic sensor. First, the laser source,
operating in the mid-IR region where most of the
spectral signatures of environmental molecules
are found. We use a Quantum Cascade Laser
(QCL), for the good wavelength tunability for
multi-gas detection. The second block consists in
an acoustic cell, which collects the gas and
amplifies the generated photoacoustic wave.
Finally, the transducer part transforms the
acoustic wave into an electric signal processed
with a lock-in detection. The current transducer
used in these sensors is a commercial MEMS
microphone directly assembled on the fabricated
acoustic cell (see Fig. 4).

Figure 3: Fabricated Piezo-MEMS device

The diaphragm is stimulated with a set of two,
oppositely placed IDTs, while a set of other two
perpendicularly oriented IDTs is used to produce
a controllable stress, thus leading to a tuning of
the diaphragm equivalent stiffness and to a
matching of the series and parallel resonant
frequencies. The resonant frequency of around
5.5 kHz can be tuned in a range of ±70 Hz by a
DC voltage of ±8 V with an estimated sensitivity of
8.87 Hz/V.

Figure 4:
On the left, first generation of photoacoustic cell.
On the right, micro-fabricated cell with two MEMS
microphones on the top

The aim of the thesis work is to find an alternative
to MEMS detection, using instead an optical
transduction (MOEMS). Light has the advantage
of offering very sensitive solutions with a
possibility of downscaling (laser diodes and
photodiodes can have today a really small
footprint). Moreover, laser light can be used for
photoacoustic measurement in harsh environment
with long distance sensing, and electromagnetic
immunity.
Two solutions have been selected for their
sensitivity and novelty. Both systems are optical
resonators, designed to be sensitive to weak
pressure. The acoustic wave modifies the optical
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cavity length, resulting in a wavelength shift of the
reflectivity spectrum.

image reconstruction for an experimental
Scanning Tunneling Microscope like device.

The Fabry-Pérot resonator (see Fig. 5, top) is
currently in fabrication, with the target of a few
µPa of detection limit. The FP solution is
composed of an acoustic sensitive mirror
consisting in a thin metallic membrane with a
thickness of 10 µm, processed with YAG laser
cutting. The second mirror of the cavity is the
glass/air interface of the optical fibre.

In particular, a set of robust observers are
designed following a recently proposed technique
which takes advantage of control strategies in
order to build such estimators. All three directional
axes of such a sub-nanometric imaging device are
controlled using the proposed method in order to
obtain better images of a scanned surface [4].

The second transducer is the 𝜋-FBG (see Fig. 5,
bottom), and will be fabricated with a femtosecond
laser, in collaboration with CEA – Saclay. The
acoustic strain induced in the periodic structure of
the fiber generates a shift in the optical spectrum,
allowing weak acoustic sensing. The expected
narrow resonance peak of the 𝜋- FBG will be
tracked with a specific wavelength locking method
(Pound-Drever-Hall technique).

Figure 5: Illustration of the FP (top)
and 𝜋-FBG sensor (bottom)

3. On control approaches for estimation
techniques – Application on tunneling
current in MEMS
This research activity is done in collaboration with
the GIPSA Lab in Grenoble. Following a recent
result on a control-based approach for unknown
input estimation, the purpose is to more generally
investigate the potentialities of considering
estimation issues as control design ones.
Various control techniques are reviewed to that
end, considering several estimation contexts. In
particular, several robust state and unknown
inputs observers are derived using classical
controllers such as Proportional or Proportional
Integral, Linear Quadratic Regulator or Linear
Quadratic Integrator and H∞ Full information or
Output Feedback. They are also compared with
criteria such as the quality of the estimation, the
speed of the observers, the robustness against
the noise and the complexity of the observers.
The method is validated using a Scanning
Tunneling Microscope and a magnetic levitation
system. To that end some publications illustrating
the capabilities of the proposed method are
mentioned.
For this particular application it is proposed a
control method using online state estimation
techniques in order to enhance the capabilities of
classical PI controllers as well as to improve the

Next, a more complex approach for a robust
estimation of unknown inputs as well as state
variables in a dynamical system subject to noise
or uncertainties is presented. Following the same
proposed control-based methodology for observer
design, the idea here is to take advantage of
robust control methods, and in particular of H∞
techniques. This provides a new method which is
applied for an example of tunneling current
estimation in an STM-like device. A comparison to
the formerly available H∞ filtering, but also to the
robust sliding-mode technique is given.
The capabilities of this method are further on
investigated in which presents a comparison
between different control strategies used for
estimation purposes for systems with unknown
inputs in the recently proposed Control-based
Observer approach. In particular, several robust
state and unknown inputs observers are derived
using classical controllers such as Proportional or
Proportional Integral, Linear Quadratic Regulator
or Linear Quadratic Integrator and H∞ Full
Information. They are also compared with criteria
such as the quality of the estimation, the speed of
the observers, the robustness against the noise
and the complexity of the observers. Simulation
results are provided to better highlight the
comparison.
Last but not least, an unknown input observer
design is proposed for input disturbance
estimation in a magnetic levitation process. The
observer is designed using a control-based
strategy. The method is shown to be very efficient
for this estimation problem, with results both in
simulation and in real time.
4. New electroactive materials for MEMS
4.1. Deposition of sustainable ferroelectric
materials
A new project has been launched with LTM
laboratory that consists of studying the properties
of hafnium zirconium oxide HZO in order to
replace PZT, the conventional material for the
piezoelectric applications. This project is
distinguished by its environmental interests such
as the integration of sustainable materials
(Hafnium oxide), avoiding the toxic nature of lead
incorporated in PZT. The choice of hafnium was
not taken arbitrary but this latter has been the
main focus of several researches in order to
investigate its promising properties; piezoelectric,
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pyroelectric, ferroelectric and electrocaloric
properties. It is cheaper and more available in
mines. The hafnium is considered as the best
ferroelectric material in sub-45 nm thin films
applications, so now it is an open track to reach
the NEXT-gen of devices. To realize the aim of
this project, three major steps are required. First,
the deposition of hafnium zirconium oxide thin
films by industrial techniques in a proper way is
important to easily integrate these films. Then, the
characterization of these films is a crucial step to
identify in which field one can integrate them.
Finally, after testing the piezoelectric properties of
hafnium zirconium oxide thin films, their
integration into piezoMEMS devices will be
addressed. Among the various applications of this
material, energy harvesting using sustainable
materials is very promising way to reach the green
IoT community.
4.2. Polymer-based piezo-electret structures
Piezoelectric polymer materials are of a great
interest for their potential integration to sensors
and actuators in many applications [5]. Among
these applications are wearable devices,
electroacoustic transducers, or energy harvesting
of mechanical vibrations. Although piezoelectric
polymers show lower piezoelectric constants than
traditional piezoceramic or crystalline materials,
their important advantage resides in a very low
Young’s modulus. This property predestines
piezoelectric polymers for wearable devices
adapted for any shape and size surfaces.
We have concentrated our effort on development
of a novel micro-structured material made from
PDMS referred as piezo-electret material. In a
similar way as other piezoelectric materials, the
piezo-electret PDMS can exhibit piezoelectric
effect in both actuator and sensor mode due to its
anisotropic structure. A micro-structured PDMS
layer can be seen as a polymer matrix containing
micro-cavities trapping air (see Fig. 6). The
ionization of the air generates opposite charges
that are implanted in the inner micro-cavities’
surfaces, each micro-cavity can be considered as
a macro-dipole. The macroscopic dipole moment
is determined by the quantity of the charges and
the distance separating charges of opposite
polarity. So, piezo-electret is sensitive to any
external mechanical or electrical stress. In fact, if
an external mechanical load is applied on piezoelectret, the distance between opposite charges
decreases and compensating charge distribution
is generated in conductive electrodes. In the case
of externally applied ac-voltage, piezo-electret
vibrates periodically. Due to these piezoelectric
like effect of piezo-electrets and their low Young’s
modulus, they can be utilized as functional
materials in electromechanical micro-sensors.

Figure 6:
Schematic illustration of the micro-structured PDMS material
with top and bottom gold electrodes

The electromechanical testing carried out on this
kind of material shows an output power density of
-3
1 μW.mm for a moderate dynamic pressure of
120 Pa at 20 Hz.
Recently we started the investigation of the
deposition of stretchable electrodes using Ag
Nanowires in collaboration with LMGP and
G2ELab in Grenoble. This approach will allow us
the fabrication of reliable structures.
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1. Low-power event-based image sensors
Due to the improved CMOS processes, the
charge coupled devices (CCD) are largely
supplanted by the CMOS image sensors.
Moreover, plenty of studies have been done to
improve the CMOS image sensor performances,
in term of image quality but also power
consumption. Indeed, the power has become a
leitmotiv for all the embedded applications
including the systems with an embedded camera
such as smartphones, sport cams, etc. Although,
the power efficiency of the CMOS image sensors
has been enhanced during the last two decades,
the standard reading architecture of image
sensors still requires an analog to digital converter
(ADC), which is currently the most consuming
part. Therefore, many studies has been provided
in order to reduce the impact of the analog-todigital converter like using a low power ADCs or a
common ADC for the entire sensor[1], [2], [3].
Furthermore the classical reading method of the
image sensor consists in reading the entire image
for each frame. Consequently, this method limits
the reading speed especially for high resolution
sensor. Besides, every frame reading induces the
reading of temporal and spatial redundant
information. Hence, the data flow reduction is
probably one of the most important approaches
for reducing power in CMOS image sensors. This
induces studies like [4]. Therefore the
asynchronous image sensor approach is one of
the most promising alternatives [5], [6]. Even
though, several asynchronous architectures have
been already studied, the digital part still suffers
from difficulties regarding the pixel management
and the timing assumptions. Indeed, most of the
proposed
architectures
are
conventional
synchronous designs and maintain the need of an
analog to digital converter and, for the eventbased image sensors, an arbiter is required in
order to manage the reading requests and the
communications between the pixels and the
reading system. In order to overcome these two
problems, a fully asynchronous event-driven
image sensor, which does not need arbiters, has
been designed.

Figure 1: The asynchronous readout architecture

The
proposed
sensor
performs
spatial
redundancies suppression and thus a data flow
reduction in still image and video streaming by
only reading pixels with relevant information. In
addition, we removed the analog-to-digital
converter, and used instead a voltage to time
conversion to encode the pixel information. An
asynchronous reading system architecture has
been devised. Afterwards, an RTL model of the
architecture has been simulated using real
pictures as testbenches.
Ref.
Image

Matlab
Algorithm
Pixel
Reading

Pixel
Integration
Time

Event-driven

Request

Reading
System
Figure 2: The testbench used to validate the readout system
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2. Pixels and Time-to-First-Spike (TFS)
encoding
The time-to-first-spike (TFS) concept is bioinspired and relies on letting the pixel decide
whenever information is relevant or not. Once
significant information, the latter is sent and later
on processed by the reading system. This
technique is implemented in the pixel by
introducing a 1-level crossing sampling scheme
that also acts as an adaption voltage to the light
conditions [7]. Therefore, using this technique
allows us to transform the classical analog pixel to
an event detector. The event-driven pixel is able
to fit the asynchronous and event-driven
functioning of the reading system.

RR

TFS1

Reset

V

RR

TFS2

V

Pixel Reset

integration time of the pixel. Therefore, the analog
to digital converter (ADC) is replaced by a time to
digital converter (TDC). In this case, replacing
the ADC, which is the most consuming device
in the image sensor architecture, reduces the
power consumption of the system. It is important
to note that the beginning and the end of the
integration phase is controlled by the pixel itself
thanks to its event detection technique.
Subsequently, once an event is detected, the pixel
starts to send a request towards the reading
system.
3. Image Capture and Processing
The results obtained with this architecture are
really convincing because we got a pretty good
image quality. This has been evaluated with the
PSNR and the MSSIM of different images.

ph2

V
ph1

V
ref

(a)

(b)

int1

T
int2

Figure 3: Functional diagram of two event-driven pixels under
two different luminosities. Vref is the reference voltage used to
implement the TFS technique; Vph is the voltage across the
pixel photodiode; Tint is the integration time; RRTFS is reading
request generated by the pixel once relevant information is
detected (Vph crosses Vref)

The event-driven pixel has the same functioning
phases of the classical pixel. Firstly, the reset
phase which sets all the pixels to the same initial
voltage. Secondly, the integration phase, where
the pixel photogenerated current integrates the
reset voltage. Finally, the pixel information is
extracted by the reading system. The behavior of
the pixels and the reading system depends on the
nature of the image sensor. On one hand, for a
classical image sensor, the duration of the
integration phase is predefined and set for all the
pixels. The duration of this phase is also known as
the integration time. By the end of this phase, the
last phase is triggered by the reading system that
accesses every pixel in order to extract its
information represented by a voltage value across
the pixel photodiode. This voltage is later on
digitized through an analog to digital converter.
On the other hand, for an event-driven image
sensor, the pixel determines the duration of its
integration phase based on its photogenerated
current and thus the amount of incident light. In
other words, every pixel has its own integration
time. Furthermore, for an event-driven pixel, the
pixel information is not expressed by a voltage
value but rather a time value that represents the

(d)

Figure 4: Picture samples
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M-SSIM

0:945

0:878

0:957

0:887

PSNR

27:31 dB

25:04 dB 27:37 dB

24:21 dB

% of the
original data flow

0:0887 %

0:059 %

0:11 %

0:038 %

Error (%)

3:76 %

5:94 %

9:23 %

6:59 %

Table 1: Final simulation results

Moreover, the number iteration to read the entire
image is directly related to the number of gray
levels and not to the number of pixels. This gives
a serious advantage to quickly catch an image.
The low-number of iterations to read the image
drastically contributes to reduce the power
consumption too. Finally, the image processing
can also take advantage of such a sampling as it
has been shown for the image segmentation [8].
4. Hardware Implementations
In order to demonstrate the potential of our
approach, two testchips have been designed. The
first one is a testchip designed for characterizing
the pixel behavior and comparing two pixel
architectures. It has been fabricated and tested.
The second, a fully operational event-based
image sensor, was in the final design phase at the
end of the year. It has been tape-out in February
2019.
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5. Conclusion
The image sensor principle is able to cover
different kind of usages. Indeed, the architecture
seems to be useful for Time-of-Flight (ToF)
measurements and providing 3D vision. For such
a purpose, the approach could be coupled to
SPAD (Single Photon Avalanche Diodes) [10] or
low-noise photodiodes. These kinds of techniques
are of interest for 3D vision but also for dust,
smoke and fog vision. Moreover, the potentials of
this image sensor architecture is large. It could be
used as a low-power wake-up imager [9], High
Dynamic Range vision (night and day), low-data
rate imager or as high speed image sensor.
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1. Adaptive Sampling in 3D SPECT Imaging
SPECT imaging is a nuclear medical imaging
modality which relies on the reconstruction of the
observed body from the detection of gamma
photons. In the CEA-DTBS system, the CdZnTe
detectors, grouped in in an array, called a head,
allow to measure the direction of the incoming
gamma rays. The grid collimators in front of each
of the heads allow to further increase the
resolution.
The studied system [1, 6] is built of several moving
heads focused to the active parts of the body
thanks to the adaptive sampling system. The latter
is
accomplished
with
innovative
on-line
reconstruction algorithms.
The investigations showed that instead of bruteforce hardware accelerated reconstruction of the
full data set, it is more interesting to reconstruct the
3D data as the gamma rays are detected.
As the system is validated with a single head, the
next step is to build a fully adaptive SPECT
camera.

New features such as geometry calibration gain
calibration and real-time multi-band blending are
enabled. The calibration is partitioned between
hardware and software.
The GVSL (Global Vision System for Laparoscopy)
is a project lead by TIMC (S. VOROS) which aims
at designing a binocular camera for per-surgery
laparoscopy. The challenge is to provide the
surgeon with a clean and reliable image of the
organs and trocars, in real-time and sub-frame
latency. Indeed, a sub-frame latency below 40 ms
is required to enable a smooth and comfortable
perception-action of the surgeon. Specific
algorithms have to be designed to take into account
the nature of images from the inside of the body.
The next step will be to design new sensors and
cameras to also provide depth and spectral
information to the surgeon.
3. Hyperspectral Camera
The ImSpoc-UV FUI project lead by the company
Pyxalis and CSUG aims at designing a new type of
hyperspectral camera. This camera relies on a
panchromatic image sensor modified with a
specific optical system to produce several
interferograms of the object. In this project TIMA
leads the manufacturing of a part of the optical
system and, in collaboration with GIPSA-Lab, the
design of low power near sensor algorithms and
associated computing unit. The algorithms will
reconstruct the hyperspectral cube from the
interferograms and correct the sensor mismatches.
The computing unit will be prototyped on a FPGA,
the target being to embedded it in a nano-satellite.

Figure 2: The CnZnTe Adaptive SPECT camera

2. High Performance Hardware Video Stitching
for
Panorama
and
Per-operatory
laparoscopy
Video stitching aims at gathering images from
multiple video cameras to form a single image that
covers a wider field of view than individual
cameras. It is performed with algorithms that
performs non-linear mapping of all the images to
the final geometric space of the produced image.
In this work, the produced image is mapped to the
spherical coordinates by considering a perfect
stitching at a long range focus. As shown in figure
4 of the designed FPGA prototype [3], the images
come from MIPI-CSI micro camera modules as
found in mobile phones. Real time stitching is
performed with as little as 6 % of the FPGA

4. Near Sensor Deep Learning
This new research topic concerns the design of
both new deep learning training process and
efficient execution of network inference at the
software
and
hardware
multi-processor
architecture. Conducted with ST-Microelectronics
with two PhDs, this new research encompasses all
the aspects of deep learning in order to prevent
counter-productive too-specific optimizations and
envision a coherent and balanced strategy.
This research topic lead to a patent with ST
Microelectronics about the compression of CNN by
a new technique which allow to precisely control
the trade-off between detection quality, memory
occupancy and computing power.
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In the context of the MIAI IA institute, this project
lead to a new collaborative project about the design
of new mathematical models to enable low power
sensor level integrated neural network, in
collaboration with GIPSA-Lab and CEALETI/DACLE.

Figure 4: The prototype real-time
FPGA panorama stitching engine
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1. Context and objectives
Low-voltage operation is an efficient and wellknown strategy to save power. Its drawback is the
decrease of the circuit speed. The Fully Depleted
Silicon on Insulator (FDSOI) technology allows
mitigating this speed loss thanks to body biasing.
In addition, Quasi Delay Insensitive (QDI)
asynchronous
circuits
use
communication
protocols which indicate circuit activity. The
activity detection is used to activate/deactivate the
local block body biasing in order to save energy
when blocks are unused. This study tends to
define an ideal granularity for biasing delayinsensitive asynchronous circuits in 28-nm FDSOI
technology when operating in low-voltage mode.
2. State of the art
The innovation brought in this work lies in
combining FDSOI features in terms of power
management and asynchronous logic for
detecting circuit activity. This is particularly
promising because asynchronous circuits use
handshaking protocols which include explicit
signals that can be exploited for triggering and
driving voltage and body bias controllers. A first
work in this field has been reported in 2013 by
CEA-LETI [1].
The main innovation carried out by TIMA and
TIEMPO is to design efficient mechanisms able to
bias asynchronous blocks with different voltages
as fast as the data flow within the architecture.
Activity detectors and boost cells, as part of the
mentioned mechanisms, provide with latency a
steady biasing voltage for asynchronous blocks.
Hence, such mechanisms should deliver the body
bias voltage with the lowest latency in order to

better benefit from the FD-SOI technology when
data are processed in the asynchronous blocks. In
this context, delay insensitivity of QDI
asynchronous circuits is a key feature to exploit, in
order to avoid high timing margins that are timeconsuming and difficult to characterize.
Asynchronous Circuits
Synchronous circuits use a clock signal to
synchronize and propagate data. Nowadays,
99 % of integrated circuits use a synchronous
strategy [4]. It has some advantages as
commercial tools and trained experts. However,
the use of a clock signal has also its drawbacks.
First and foremost, the clock signal demands a
significant amount of energy to be produced and
distributed. Indeed, the synchronous clock tree
generates noise and is able to interfere and
disturb other circuit blocks such as analog parts.
Instead of synchronizing with a clock signal,
asynchronous circuits use handshake signals to
manage data transmission [8][9][10]. In this case,
the data flow is locally managed and, thanks to
this intrinsic property, the circuit activity is easily
detectable. Figure 1 shows a comparison between
the synchronous circuit model (a) and its
asynchronous counterpart (b).
As it exists several classes of asynchronous
circuits, there is a large number of possible
implementations. The Quasi Delay Insensitive
logic (QDI) is targeted here [4]. These QDI circuits
accept a wide range of delays in their wires and
gates and allow designing robust circuits using
advanced technology nodes.

Figure 1: Abstraction of (a) Synchronous and (b) Asynchronous logic blocks
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Intrinsic Features of FDSOI technology
Body biasing in FDSOI technology is one of the
most exciting features of this new technology
[2][5][7][11]. FDSOI differs from traditional bulk
technologies by using a SOI wafer with thin
monocrystalline Si layer on the top. First, it
isolates the Source and Drain pins from the
substrate. This isolation creates a leakage barrier
between source-and-substrate and drain-andsubstrate as well as it offers new design options.

needed), when the data are entering the blocks.
For this purpose, activity detection and level
shifter circuits detect when new data are entering
the block and supplies biasing when needed. Two
basic level shifter architectures were studied: the
Conventional Level Shifter (CLS) and the
Contention Mitigated Level Shifter proposed by
Tran et al. [13]. For our purpose, we designed a
dedicated level-shifter [16] that have been
implemented in our testchip

3. Fine grain body bias with QDI circuits
Low-voltage operation with biasing in FDSOI
Low-voltage is an interesting way to reduce power
consumption. Indeed, it is not a new idea and
“Vitale et al.” showed the ability on an entire
microprocessor in FDSOI technology operating at
0.33 V [12]. Power consumption can be reduced
by almost 3 orders of magnitude for a Muller Gate
operating at its lowest operating voltage [4].
However, circuits become considerably slower at
low-voltage. In this case, the body biasing can be
applied to compensate the speed reduction or to
alternatively save even more power. To allow the
use of biasing, FDSOI technology typically
includes a biasing source generator (BBgen) and
a biasing tree with a special cell (BBmux), which
activates different bias for different area.
Nevertheless, this approach only targets a coarse
granularity for the body biased area (Typically a
processing
unit
such
as
processors,
cryptoprocessors, etc.).
Autonomous speed and power-control at lowvoltage
A self-timed power-control has been to efficiently
use the biasing resources. This technique allows
to compensate the lost in circuit speed due to the
low-voltage operation. However, it is required to
implement a complementary control-circuit that
activates the biasing source depending on the
circuit demand. Moreover, small IPs require
smaller biasing energy resource than the BBGEN
and the BBMUX tree. As circuit activity can easily
be detected thanks to QDI asynchronous
handshaking signals, the body bias control can
easily be take advantage of these signals. In
addition, delay insensitivity allows using different
body bias voltages. Our research works have
investigated the optimal circuit granularity and
also solved backend issues such as the required
isolation between each block.

Figure 2: Example of a level-shifter block
that can be used for body biasing

4. A specific FDSOI design
asynchronous circuits

flow

for

TIMA team is developing models and methods for
the design of asynchronous systems on FD-SOI.
This work aims to save power by associating
biasing advantages of FDSOI with intrinsic
properties of quasi-delay insensitive (QDI)
asynchronous circuits.
Two design flow approaches were specified
targeting low-power devices for final applications
such as the Internet of Things (IoT).
Asynchronous circuits with minimal leakage
consumption will be designed with Regular
Threshold Voltage (RVT) transistors, Reverse
Body Biasing (RBB) schemes, and low operation
voltage. The other approach seeks asynchronous
circuits with minimal dynamic power consumption
by using Low Threshold Voltage (LVT) transistors,
Forward Body Biasing (FBB) schemes, and low
operation voltage.
The FD-SOI 28-nm standard-cell design flow was
developed with Synopsys, Cadence, Mentor and
Tiempo (ACC) tools.

Body bias control
As already mentioned, FDSOI library provides
solutions for controlling biasing voltages (BBMUX
and BBGEN). However, it has been designed to
supply large circuit areas. In this work, new IP
blocks have been designed to bias small circuits
in order to efficiently bias each block (only when
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Figure 3: The FDSOI design flow for asynchronous circuits

5. Testchip and conclusion
A testchip has been designed, fabricated and
tested. The circuit is functional and shows the
approach interest when fine grain biasing is
required. The circuit has also been demonstrated
during the Application, Design and Test
Conference (ADTC) in 2018 [15].
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designs.

1. Context and introduction
This work has been initiated in the context of a
“Région Rhône-Alpes” PhD [1] in collaboration
with LaHC (UMR CNRS 5159). Its goal was to
explore
new
TRNG
architectures
using
asynchronous design methods. It has been
pursued in 2016 in the frame of an expertise
contract with Electronic Marin (SWATCH) and
with the support of the LISA project.
True Random Numbers Generators (TRNG) rely
on physical random processes to generate
random bit sequences. TRNGs used for
cryptographic applications with high security
requirements (such as key generation for
symmetric encryption) not only need to be
unpredictable, but they must also be not
manipulable. Unpredictability is assessed using a
stochastic model whereas the robustness to
manipulation and active attacks can be
guaranteed by monitoring the entropy source and
the entropy extractor in order to detect abnormal
behaviors of the generator. Online tests can be
applied at startup or on demand to detect
statistical defects in the output sequences.
2. Self-timed ring based True
Numbers Generator (STRNG)

Random

The STRNG leverages the jitter of events
propagating in a Self-Timed Ring (STR) to
generate provably random numbers at a high
throughput. Its architecture and its principle have
been proposed in [2]. [3] develops a stochastic
model which allows to compute a lower bound of
entropy per output bit as a function of design
parameters (number of ring stages) and
technological parameters (mean propagation
delay per stage, jitter per stage). Figure 1 shows
that this lower bound increases when we increase
the number of STR stages in a given
implementation. In [4], we showed how the design
can be monitored to detect attacks and abnormal
behaviors of the entropy source.
This architecture has been validated in Altera
(Cyclone III, IV and V) and Xilinx (Virtex 5,
Spartan 6) FPGAs. Figure 2 shows the
experimental bench
we
used
for jitter
characterization. Three circuits have been
designed (two AMS 350 nm circuits and one ST
28 nm circuit). The statistical quality of the output
was evaluated using FIPS 140-1, NIST SP800-22
and AIS31 statistical test suits. All those tests
pass with throughput as high as 400 Mbit/s in the

Figure 1: Lower bound of entropy per output bit (Hm) as a
function of the number of STR stages (L) for different ratios
jitter standard deviation (sigma) on STR oscillation period (T)

CDSI and Electronic Marin studied new
implementations of this TRNG using underthreshold transistors. Our goal was to reduce the
power consumption to the extent that the TRNG
can be embedded in an ultra-low energy budget
watch. At this point, we have embedded STRs in
a first circuit (CMOS 180 nm) for measuring
technological parameters in order to size the
TRNG. A 180 nm CMOS (from EM) circuit
embedding an ultra-low power STRNG has been
tape-out and fabricated. The STRNG results
demonstrate an outstanding energy efficacy
(30pJ/bit at 0.5 Kbit/s) whereas the circuit has a
low complexity (305 gates) [5].
CDSI and Dolphin also designed a set of STRNG
that have been tape-out in a CMOS 55 nm
technology from UMC. Moreover, they developed
threat
models
and
the
appropriate
countermeasures for STRNG [6].

Figure 2:
(a) AMS 350 nm test-chips embedding STRs and STRNGs
(b) Experimental test bench for jitter measurement using low
voltage differential Signalling
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Finally, we used the threat model to monitor the
entropy of our TRNG and extended the concept to
any kind of asynchronous circuits. We filed a
patent on this concept with our partner, Dolphin
Design [8].
3. Conclusion
The main contributions of this work are a new
TRNG architecture and its stochastic model. The
most important feature of this architecture is its
scalability: it can extract provably random
numbers (i.e. with an assessment of entropy) no
matter the jitter amplitude in a given technology.
The associated stochastic model allows the
designer to measure technological parameters
and, using it, determine the number of required
ring stages to achieve the desired security level.
Ongoing works are now concentrating on reducing
the design’s power consumption by using a library
of cells with under- and near-threshold transistors.
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1. Synopsis
The development of modern computers is
principally devoted to increasing performance and
decreasing size and energy consumption, without
any modification of the principles of computation.
In particular, all the components must always
perform deterministic and exact operations on
sets of binary signals. These constraints impede
further progress in terms of speed, miniaturization
and
power
consumption.
MicroBayes
is
investigating a radically different approach by
using stochastic bit streams to perform
calculation. Our goal is to show that stochastic
architectures can outperform standard computer
when solving complex inference problems such as
source localization [6][7] and separation both in
terms
of
execution
speed
and
power
consumption.
The use of non-standard architectures for
processing uncertain information is experiencing
remarkable growth: see for example the
Probabilistic Computing Project at MIT and the
Darpa projects PPAML or UPSIDE. One
European counterpart is the European project
Bambi (Bottom-up Approaches to Machines
dedicated to Bayesian Inference). The Bambi
project revealed the enormous potential of
stochastic computing when considered at the bit
level. This potential is even reinforced by the
progress made to massively generate random bits
with dedicated hardware opening the way, at a
very short term, to the design of stochastic
computers. We will target three scientific and
technical challenges: (a) The study of new
algorithm for stochastic inference based on
generating sets, (b) the design of non Von
Neumann architectures dedicated to process
stochastic bit streams [1] and (c) the evaluation of
stochastic machines on difficult Bayesian
inference problems related to sensor fusion and
interpretation.
This radical change to current computation
models at the very deepest level of design may
very well lead to low-power reactive systems
connected to the environment through noisy
sensors.
2. A practical framework for demonstrating a
stochastic processor

source separation from noisy acoustic signals. A
success will open new perspectives in sensor
processing which will lead to the use of
inexpensive and noisy sensors on equipment
working with extremely low energy sources.
Several compilers will be developed to target
several stochastic processors and transform
Bayesian programs into dedicated bit wise Gibbs
sampler.

Figure 1: The core architecture of a Bayesian Machine (BM)

New designs will also be devised to build these
machines that extensively exploit True Random
Number Generators [2][3][4]. From a theoretical
stand point, we will characterize the search
strategies in high dimension space by studying
several generating sets of [0,1]^n . In other words,
we would like to identify the heuristics used to
explore large search space and knowingly apply
them to NP problems in a more abstract and
possibly more efficient way.
3. Transfer to the Industry
A group of CNRS colleagues are now pushing an
industrial transfer of this probabilistic approach.
The Zaphod project has been setup with the La
Poste Group and the Probayes Company. A
rebooting computing group inside the company
Probayes has been created at the beginning of
2018 in order to develop hardware probabilistic
computers but, after a while, Probayes
disengaged and left the project. The project
restarted during the last trimester of 2018 and the
plan to create a startup company has been
decided. The creation of this company should
occur at the beginning of the year 2019.

Technically our goal is to demonstrate a working
stochastic processor performing localization and
CDSI team - 36

4. Conclusion
We are currently working on an industrial setup to
exploit stochastic. Indeed, getting low-power
signal processors dealing with noisy sensors is of
major interest for the industry, the defense and
aerospace industries since recent tests made on
the BM1 by TIMA (RIS team) demonstrates the
robustness of probabilistic processor to bit flips
due to electromagnetic radiations. By providing
new results and by developing the knowhow in
this emerging field MicroBayes could greatly
contribute to push forward this new scientific and
industrial endeavor.
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1. Context and objectives

On one hand, designers face today problems in
implementing circuits while the specifications
cover not only the design functionalities but also
requirements such as power, security, EMC or
safety. On the other hand, the asynchronous
strategy based on synchronizing circuits thanks to
local handshakes offers a wide range of solutions
for targeting at design time the non-functional
circuit requirements. All these solutions share the
asynchronous and event-based approach but also
models and theory. Therefore a complete
framework has been setup in order to integrate
several tools that could be connected together.
Notice that these tools are complementary to
those included in the commercial design flows.
2. Smart non-uniform sampling schemes
Reducing the power consumption in integrated
systems has been the starting point. Indeed, the
theoretical and practical researches, pushed in
our team since 2000, has highlighted that the
Nyquist-Shannon theory tends to capture useless
samples [FES 18-1] [FES 18-2]. Therefore Levelcrossing sampling schemes (LCSS) have been
devised and an Asynchronous Analog-to-Digital
Converter (A-ADC) has been designed, fabricated
and tested.

Amplitude

bi-1

This work targets very ambitious objectives
because we expect developing several design
tools in a unique framework called ALPS. ALPS
stands for Asynchronous Low-Power Synthesis
but integrates different tools able to provide a
wide range of asynchronous solutions to
designers.

Dti

bi

Vin

Time

Figure-1: Non-uniform sampling scheme and the A-ADC

Based on this sampling scheme, a mathematical
theory is under development with the LJK
Laboratory (specialized in applied mathematics).
Our sampling techniques produce fewer samples
than with the traditional Nyquist-Shannon
techniques but the samples are not anymore
captured thanks to a sampling clock! The
consequence of these non-uniform sampling
schemes is the non-regular arrival of the data.
Nevertheless, this is absolutely not an issue if
considering event-driven (asynchronous) circuits.
Indeed, thanks to this parsimonious sampling,
fewer data are produced. The data arrival
produces
an
event
that
activates
our
asynchronous circuits. The rest of the time, the
asynchronous circuits remain idle, waiting for the
next data (or event).
3. Definition of the ALPS framework
The ALPS framework targets the automated
synthesis of integrated systems based on a LCSS
analog-to-digital conversion and an event-driven
circuit able to process the data captured by the AADC [SIM 16-2][SIM 16-3]. The framework offers
the opportunity to evaluate the sampling scheme
and the appropriate processing [BEY 16][SIM
17][SIM 16-1] thanks to the SPASS library written
in Matlab (and partially ported in Python). Once
the sampling scheme and the associate signal
processing are fixed, the tools ALPS-HLS and
ALPS-ADCGen respectively generate a netlist of
the processing unit and another one for the AADC.
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Figure-2: The ALPS framework

As the designs are specified at an algorithmic
level, an automated High-Level Synthesis (HLS)
has been targeted. This is done with AUGH, an
open software tool developed by the SLS group of
the TIMA Laboratory, which has been adapted to
our specific design flow.
In order to validate our framework, a FIR filter
processing an ECG signal has been implemented
and compared to its synchronous counterpart.
The results obtained with ALPS show a circuit
12 % smaller and an energy consumption reduced
by 28 compared to the synchronous FIR filter.
4. Shaping the EM by design
Electromagnetic
Compatibility
(EMC)
specifications have always been a hard task for
integrated circuit designers. Indeed, the unwanted
generation, propagation and reception of
electromagnetic energy in integrated circuits may
cause unwanted effects such as electromagnetic
interference (EMI) or, even worst, physical
damage. Therefore EMC defines the rules and
specifications that ensure correct operations of
electronic equipment. This work only targets the
mitigation of the EM field emitted by a circuit
aggressor and tends to respond for the first time
to this issue by a design strategy, which could
easily be automated. With such an approach,
fitting within a spectral mask should become a
specific step in the integrated circuit design flow.
This task can be ensured by a specific tool ALPSEMShaper. In order to apply such a strategy,
event-based asynchronous circuits have to be
targeted. For this purpose micropipeline circuits
have been chosen because they offer the required
event-driven
behavior
and
an
easy
implementation. Notice that this design strategy

can be extended to any kind of asynchronous
circuits. Once the event-driven circuit is designed,
the designer has to determine the switching
instants of the logic thanks to specific delays
accordingly chosen with the specified spectral
mask [GER 17]. This is done thanks to a genetic
algorithm, which computes the delays. We obtain
a significant reduction of the electromagnetic
spectral peaks with this strategy in comparison to
the synchronous spectrum of an equivalent
clocked circuit. To enhance the spectrum quality
and ease the result convergence, the architecture
can be modified to add delays. The range and the
step of the delays are two important parameters
that can be tuned to more easily fit the spectral
mask. In order to validate the approach, a test
chip in 40 nm from ST Microelectronics has been
designed, fabricated and tested. It embeds
programmable delays in order to validate different
hypothesis made when constructing the method.
An example is given Figure 3. The blue curve
represents the mask used in the genetic algorithm
to evaluate individuals. The red curve is the
results of the Matlab GA for a micropipeline of a
hundred of delays, the spectrum fits with the
mask. The green curve represents the frequency
spectrum for the synchronous version of the
design with a 10 ns periodic clock.
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Figure-3: The spectrum respects the EM mask
when applying ALPS-EMShaper algorithm

5. Arithmetical generator for low-power
This work addresses the design of specific
asynchronous arithmetical units that can be used
for adapting their resolution on events. The goal is
here to minimize the circuit activity and thus the
power consumption [SKA 17]. This should be also
integrated in ALPS.
6. Testing asynchronous logic

Marrakesh,
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In order to fit the industrial needs, a specific
strategy for testing event-driven circuits is under
investigation. This started end of 2017 and will
also be added to our ALPS framework.
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7. Conclusion
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ALPS is a framework for helping designers in the
industry to adopt the asynchronous techniques.
Indeed, asynchronous logic offers lot of solutions
in terms of low-power, EM Shaping that can be
experimented in our framework. ALPS already
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facilities
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pushing the technology to our industrial partners.
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1. Context and objectives
This work is done in the frame of LISA (FUI
project) and an expertise contract with SWATCH.
Its goal is to develop new methods for designing
low-power circuits using asynchronous design
techniques.
LISA (ultra-Low power Integrated circuit for
Secure RF Applications) addresses the market of
contactless smart cards. Their form factor, power
consumption and performances are important
issues that need to be considered to allow their
deployment on a massive scale. The goal of LISA
is to reduce by an order of magnitude the power
consumption of contactless smart cards: 1) by
increasing the amount of energy recovered by the
antenna, and 2) by reducing the integrated circuit
(IC) power consumption.
Reducing the IC power consumption is obtained
by two means. Firstly, the IC is designed with
ultra-low power libraries provided by Dolphin.
Secondly, new low power architectures are
explored for each intellectual property (IP) in the
device. The role of TIMA in this project is to
develop methods and tools for designing these
IPs using asynchronous techniques.
These works are also used in the frame of an
expertise contract with Asulab (SWATCH) for
designing an ultra-low power processor.
2. A practical framework for the specification
and design of self-timed circuits
This work addresses the design of asynchronous
micropipelines whose structure is depicted in
Figure 1. In the following, we refer to them as selftimed circuits. Their datapaths have the same
structure than datapaths in synchronous circuits.
However,
they
do
not
use
a
global
synchronization signal (clock). Indeed, distributed
controllers perform the local synchronizations
ensuring the communications between registers.

Self-timed circuits are interesting alternatives to
implement low power circuits but they are harder
to design. The main goal of this work is to provide
a practical environment for designing self-timed
circuits, by developing methods for specifying the
controller, verifying it, and implementing it.
In this work, formal verification of the control
circuit functionality is based on high-level Petri net
models. These newly proposed models have a
compact representation for memoryless channels
by only modeling the token boundaries. Contrarily
to the state-of-the-art models, they also take into
account choice structures in the controller (splits
and merges). They are more compact than
traditional models such as signal transition graphs
(STG), and thus allow verifying large and complex
circuits without combinatory explosion.
To derive these models, we outlined general
simplification mechanisms for Petri nets used to
model asynchronous controllers. Their formal
proof of correctness is based on the concept of bisimilarity. Depending on the required level of
granularity, different models can be extracted. A
so-called channel-accurate model is obtained by
accurately modeling the request paths and
minimally modeling the acknowledgement paths.
This model can be timed and serves for
performance analysis (latency and cycle times).
An initialization-independent model is obtained by
applying all the simplification which are possible
for all the circuit initialization. This model is
practical for verification and refinement because it
is compact, and it allows the designer to evaluate
different circuit initializations.
Along with these models, we describe a practical
framework addressing all the design steps of selftimed circuits, from the circuit specification to its
physical implementation, using standard EDA
tools. We show how TCL scripts can be used to:
define relative constraints in the static timing
analysis tools (for synthesis, placement and
routing), to cut appropriate timing arcs in the
control circuit, and to automatically insert delays
that match critical paths in the datapath.
3. Results: low-power AES cipher

Figure 1: Generic architecture of a micropipeline

We applied these methods to design a 128-bit
AES (Advanced Encryption Standard) cipher in a
55 nm UMC technology.
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The datapath is specified at register transfer level
(RTL). A controller is derived from this datapath
by a method of templates, i.e. by associating each
circuit fragment to an appropriate control subcircuit. Those sub-circuit are assembled to obtain
the controller. This controller is then verified for
liveliness using an initialization-independent
model, and the appropriate refinements are
performed in the control circuit.
Figure 2-a shows the datapath of the AES cipher.
In this design, ADD combines the “Add key”
operation and key scheduling. SUBSH combines
the “Substitute bytes” and “Shift rows” operations.
MIX does the “Mix columns” operation. Each
module consists of an input combinational block
and a bank of 256 registers except ADD which
also has an output combinational block. The FSM
controls the selection between the first nine
rounds and the last round, it contains a 4-bit state
register.

stage), the power consumption is reduced by
58 % but with an area overhead of 5 %.
4. Designing asynchronous
commercial EDA tools

circuits

with

Self-timed circuits appear today as an attractive
solution for designing robust and low-power chips
dedicated to smart sensing and IoT platforms.
However, a massive adoption of this technology
by the industry requires industrial-grade tools for
the whole design flow. The gap between
asynchronous bundled-data and synchronous
circuits is sufficiently tight to exploit the existing
commercial tools without really impacting the
design flow and the time-to-market. We have
specifically addressed the timing analysis of
asynchronous bundled-data circuits with standard
EDA tools and a method for exhaustively verifying
their relative timing constraints has been
developed. This new approach [5] only uses a
combination of clocks to describe every possible
event propagation path, allowing the tools to fully
capture the relative timing constraints. Moreover,
this can be adapted to different controller
implementations and fully automated.
5. Conclusion
This work provides practical methods for
specifying, verifying, optimizing and physically
implementing self-timed circuits. Specification is
performed at RTL level while verification is based
on a high-level Petri net model. The results for the
AES show that the self-timed circuit provides
lower power consumption than its clock gated
version. Finally, a method for exhaustively
verifying the relative timing constraints of selftimed circuits has been developed with
commercial EDA tools. This approach has been
awarded at the ASYNC 2018 conference.

Figure 2:
(a) Datapath of a 128-bit AES cipher.
(b) Associated initialization-independent model

An initialization-independent model is used to
verify the circuit for liveliness. Figure X-b shows
the Petri net model for the associated controller
after refinement. Dashed arcs represent
acknowledgment paths. Arcs weights are used to
model conditional branching in the control circuit.
Those weights are associated with data
sequences 𝑆" and 𝑆# , representing data flows of
the selection signals.
Design
Sync. AES
Gated sync. AES
Async. AES

Power
consumption
(mW)
9.90
4.17
3.76

Area (µm²)
43481
45655
44273

Table 1: Comparison of three AES implementations with
equivalent performances at a nominal voltage of 1.2 V in UMC
55 nm

Table 1 shows a 62 % power consumption
reduction in the asynchronous design with an area
overhead of only 2 %. When applying fine grain
clock gating to the synchronous design (at each
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1. Context and introduction
Accurate time measurements between two events
are required in many fields such as high-energy
physics, timeof-flight measurement, satellite
positioning and instrumentation [1]. Time-to-digital
converters (TDCs) are widely used for precise time
measurement. TDCs are also used as phase
detectors in all-digital phase-locked loops (ADPLL)
[2]. Their precision is function of the time resolution
by which the measurement is performed. Thus, the
time resolution is the most important characteristic
of this device.
Fully digital approaches are mostly used for time
measurement. The usual architecture of a TDC is
simply based on counting the number of edges of a
reference clock signal during the measurement
interval [1]. This can be carried out by low-power
and compact circuits. Many TDC principles which
deal with time resolution improvement have been
proposed in the literature. In the simplest TDC
architectures, the time resolution is bounded by the
CMOS gate delay. In order to overcome this
technological limitation, sub-gate delay resolution
solutions have been proposed [2–5]. As wide
dynamic range of time measurement is required in
many applications, some architectural techniques
have been proposed, such as using an
interpolation scheme or multi-quantization levels to
achieve wide measurement ranges with small time
resolutions [6]. Nevertheless, while many of the
TDC architectures proposed in the literature can
achieve high measurement accuracy, they often
require repetitive measurements. Therefore, onthe-fly measurements on fast non-periodic signals
(a few tens of picoseconds) are challenging in TDC
designs.
2. Classical TDC architectures
The generic architecture of a digital TDC is
composed of a delay line or an oscillator (which
represents the core of the TDC) and a sampling
logic block that counts the number of edges.
A TDC with gate-delay resolution, called delay-line
based TDC, is depicted in Fig. 1(a). It is a compact
architecture that has been proposed as a first fully
digital solution based on a delay-line (buffers or
inverters). In this architecture, the Start signal
provides an event (electrical transition) that
propagates along the delay line. The arrival of the
Stop signal triggers the registers to start copying
the state of each gate output. The interpretation of
the flip-flop (FF) outputs gives the measured time

interval. The resolution of this TDC is bounded by
the CMOS gate delay; it cannot be lower than the
propagation delay of one logical gate. In addition,
to cover a larger time interval, the number of
stages used in this circuit must be duplicated as
needed.
In order to overcome the gate-delay limitation, subgate delay resolution solution called a Vernier-TDC
has been proposed. Figure 1(b) illustrates the
Vernier-TDC architecture. In this topology, two
events propagate in two delay lines having slightly
different delays. The resulting effective resolution is
the time difference between the two events which
is smaller than the stage delay. In practice, the
Vernier is not appropriate for large dynamic range
measurements, because a significant number of
stages is needed. It is also very difficult to precisely
adjust the time resolution without using complex
calibration schemes.

Figure 1: (a) Delay Line Based TDC, (b) Vernier TDC

Another TDC architecture uses the same principle
as the delay-line based TDC, but by replacing the
delay line with an inverter ring oscillator (RO). This
looped structure allows covering large dynamic
ranges since the electrical event which provides
the time stamping propagates several times in the
ring structure. Thus, no additional stages are
required to cover a large dynamic range but this
requires a counter to determine how many times
the event looped in the ring. In this TDC, high
power consumption occurs due to the free running
mode of the RO. The time resolution of the RO based TDC is also limited by the ring stage delay.
3. Self-Timed Ring based architectures
Another solution to obtain a sub-gate delay
resolution is to exploit the phase difference
between events propagating in a Self-Timed Ring
(STR) [7][9-10].
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4. Testchip and conclusion

Figure 2: Self-Timed Ring Oscillator

The proposed STR-based TDC exploits the ability
of STR to evenly-space propagate event in the ring
[8]. An L-stage STR, with a number of events N
(co-prime with its number of stages L) provides L
signals evenly distributed over its half oscillation
period TSTR/2. Therefore the STR provides a
periodic and regular time stamping with a
resolution of Dj=TSTR/2L. Double-edge counters
are connected to the output of each ring stage. The
Enable signal brings the start and stop time of the
interval T, which needs to be measured. The
objective is to measure T as a function of Dj and
TSTR.

A new and compact architecture of a STR-based
TDC with sub-gate delay resolution has been
investigated. The STR allows generating evenlyspaced transitions that can be made arbitrarily
close by simply increasing the number of stages.
Thanks to these unique STR features, the TDC can
virtually achieve a time resolution as fine as
desired. Moreover, it is based on a simple and
comprehensive measurement scheme.
The concept has firstly been implemented and
tested on an FPGA. Then an ASIC has been
designed and fabricated in AMS CMOS 350. It is
currently under test.

Let M be a coarse quantification of T with the
resolution TSTR/2. M verifies:
M.TSTR<2T<(M+1).TSTR.

Figure 4: STR-based TDC – Layout and photograph

Each STR output provides this coarse
measurement of T. If all outputs were connected to
n-bit counters, then each counter would count
either M or M+1events. The measurement can be
improved by aggregating the counter results in
order to achieve Dj time resolution. Let k be the
number of counters having the value M+1 (while Lk counters have the value M). The measured time
value Tm is given by
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In the context of verification, declarative properties
about the behavior of a design (Assertions) or its
environment (Assumptions) are checked using
dynamic or static verification tools. Once refined
down to the register transfer level (RTL), a
complete set of assertions unambiguously
characterizes how a module reacts to signals sent
to it, logically and temporally. Assertions may be
written in one of two IEEE standard languages:
Property Specification Language (PSL) and
System Verilog Assertions (SVA). Many tools are
available to compile assertions into monitors, i.e.
verification IP's that check the design correctness,
either by simulation or emulation.
Writing a specification is a tedious and error prone
task. Different questions arise: does the
specification specify the intent, is it consistent, it
complete? Our project considers the development
of methods/ tools to assist the specification task.
1. SuntHorus-2: Specification synthesis
To answer the first question, we consider the direct
production of compliant control and communication
modules from a set of assertions, which are seen
as the specification of the module to be designed.
We directly compile the synthesizable RTL design
from its assertions. For each property, we obtain a
compliant RTL component called reactant: its
inputs and outputs are operands of the property, it
reacts to the input values and produces output
values so that the property holds.
This fast prototyping from assertions will not soon
replace manual design, the results are not currently
competitive. Still, it may come early in the
specification flow, and resulting reactants can be
used for:
§ Generating waveforms that satisfy the
specification, and help to understand the design
intent.

it is based on the interconnection of primitive library
modules for the logical and temporal operators of
the property, according to its syntactic structure, a
technology that we initially introduced to compile
assertions into monitors (Horus).
The main achievements of this research are:
§ A new semantic definition of the logical and
temporal operators of PSL and SVA, compliant
with the standard formal semantics, which
exhibits a dependence relation between the
operator's operands. It expresses which
operand may constrain the value of the other.
§ A hardware interpretation for the dependence
relation, foundation for our library of primitive
reactants.
§ A unification between the concepts of monitor
and reactant, and the formal proof of
correctness w.r.t. the formal semantics of PSL
and SVA.
§ When a same variable appears in several
distinct properties, the automatic identification
of which properties monitor the variable and
which ones generate its value (annotation). If a
variable is an output for several reactants, a
solver is produced to generate the variable final
value (resolution).
SyntHorus-2 is the software prototype tool that
implements these principles [1,2]. It takes as input
the interface declaration of the specified module
and a set of properties written in the simple subset
of PSL, and produces a RTL design in the
synthesizable subset of VHDL. The circuit is
constructed as the interconnection of the reactants
for all the properties, together with solvers. It is a
register transfer level model that is input to a
conventional industrial synthesis tool to obtain the
final implementation, either on FPGA or on an
ASIC.

§ Debugging
specifications
(consistency,
completeness) by generating properties to be
model-checked,
during
the
compilation
process.

Moreover, as an aid to specification debug,
Synthorus-2 may generate a set of complementary
properties to verify (by model checking) if the input
set of properties are complete and consistent.

§ Replacing a nonavailable module by a fast
prototype of it, to check a more comprehensive
design.

SyntHorus2 compiles several dozen properties in
seconds, and produces a reasonably sized RTL
circuit model. Experiments and performances are
reported in [1,2].

§ Replacing the (possibly very complex)
environment of a designed module by a fast
prototype of just the part of the environment that
interacts with it.
In contrast to most other works that are based on
automata and game theory, our method is modular:

2. Assumptions Mining
The second tool we provide allows correcting the
specification and adding missing assumptions.
During the functional verification of the
specification, inconsistency is often observed.
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Most of the time, an under-constrained model
causes this failure. The analysis of the root cause
for the verification error and the creation of missing
assumptions are a significant time burden. We
developed an algorithm that automatically infers
these missing assumptions from the counterexamples provided by the model checker upon
failure. First, we force the model checker to
generate multiple counter-examples. Then, we
extract common root causes of the failure from the
set of counter-examples, using mining techniques
combined with a structural analysis of the netlist.
Finally,
we
generate
realistic
temporal
assumptions for the user to review. The validity of
our methodology was shown on two academic and
one big industrial design [3,4].
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Environmental
variations
push
up
huge
challenges to the design of integrated systems.
Perturbation events arisen from environmental or
intentional sources are today able to produce
transient faults in circuits by temporarily modifying
node voltages, provoking soft errors in stored
results from system operations, and so physical
failures. Examples of environment events are
alpha particles released by radioactive impurities
and more importantly neutrons from cosmic rays.
On the other hand, intentional perturbation events
are usually produced by optical sources such as
flashlights or laser beams, which can maliciously
induce transient effects on secure circuits to
retrieve their secret information. Such circuit
misbehaviors from fault-based attacks provide
fundamental
information
for
cryptanalysis
methods that are able to break security
applications.
Furthermore, in the last decades, another security
issue requiring testing solutions has been
discussed: the hardware Trojans. In fact, in the
increasing process of globalization, electronics
companies rely on outsourcing the different
design steps of their IC projects in order to
minimize fabrication time and costs, and thus
enhancing competitiveness. Hence, designs
become vulnerable to malicious alterations during
any phase of the IC production. Such
modifications are called Hardware Trojan (HT). In
the last 15 years, the security community has
focused their attention on strategies to make IC
production less vulnerable to Trojan insertion. For
instance, security agencies of some countries
have defined a few trustworthy companies for
their mission-critical (military, high tech, medical)
IC design flow. However, for other commercial
applications, having the whole IC design flow
trustworthy may be too costly. Therefore,
researchers all over the world are working on
developing methods to identify HT insertion in
original design by devising and adapting classical
testing techniques dedicated for identifying in ICs
fabrication defects.
Related research works in TIMA’s CDSI group are
divided into three subjects: on-line testing
techniques for detecting radiation-induced and/or
malicious transient faults (e.g., bulk built-in current
sensors and transition detection techniques);
modeling, simulating, and assessing the effects of
radiation-induced transient faults in ICs; and
testing techniques for detecting fabrication defects
and/or hardware Trojans in integrated circuits.

1. On-line testing techniques for detecting
radiation and malicious faults in ICs
Among the several design strategies for detection
of transient faults caused by radiation or optical
sources, Bulk Built-In Current Sensors (BBICS)
offer a promising solution that is perfectly suitable
for system design flows based on CMOS standard
cells of commercial libraries. BBICS combine the
high detection efficiency of costly fault-tolerance
schemes (e.g. duplication with comparison) with
the low area and power overheads of less efficient
mitigation techniques such as time redundancy
approaches. Several architectures of BBICS were
recently proposed by our group to monitor
transient faults induced on integrated circuits by
radiation or malicious sources. The proposed
sensors detect anomalous transient currents
flowing between any reverse biased drain junction
and the bulk of circuits perturbed by events.
BBICS indeed takes advantage of the fact that
such currents are negligible in fault-free scenarios
but are much higher than leakage currents flowing
through biased junctions during faulty scenarios.
A new dynamic BBICS architecture has been
devised, optimizing the area and the sensitivity in
detecting transient faults (Figure 1).
2. Modeling, simulating, and
effects of transient faults in ICs

assessing

Laser fault injections induce transient faults into
{\sc ic}s by locally generating transient currents
that temporarily flip the outputs of the illuminated
gates. Laser fault injection can be anticipated or
studied by using simulation tools at different
abstraction levels: physical, electrical or logical. At
the electrical level, the classical laser-fault
injection model is based on the addition of current
sources to the various sensitive nodes of MOS
transistors. However, this model does not take
into account the large transient current
components also induced between the Vdd and
Gnd of ICs designed with advanced CMOS
technologies. These short-circuit currents provoke
a significant IR drop that contribute to the fault
injection process. Our team in cooperation the
CMP-GC (Gardanne) and LIRMM (Montpellier)
have assessed such a contribution. We have
shown by simulation and experiments that during
laser fault injection campaigns, laser-induced IR
drop is always present when considering circuits
designed in deep submicron technologies. We
have introduced an enhanced electrical fault
model taking the laser-induced IR-drop into
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account. Our team has also proposed a
methodology that uses standard CAD tools to
allow the use of the enhanced electrical model to
simulate laser-induced faults at the electrical level
in large-scale circuits. On the basis of further
simulations and experimental results, we found
that, depending on the laser pulse characteristics,
the number of injected faults may be
underestimated by a factor as large as 3 if the
laser-induced IR-drop is ignored. This could lead
to incorrect estimations of the fault injection
threshold, which is especially relevant to the
design of countermeasure techniques for secure
integrated systems. Furthermore, experimental
and simulation results show that even though
laser fault injection is a very local and accurate
fault injection technique, the induced IR drops
have a global effect spreading through the supply
network. This gives experimental evidence that
the effect of laser illumination is not as local as
usually considered.
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3. Testing techniques for detecting fabrication
defects and hardware Trojans in ICs
Asynchronous integrated circuits, as any type of
integrated system, might today carry hardware
Trojan (HT) circuitries maliciously implanted in the
designs during outsourced phases of fabrication.
This work proposes the first-ever testing
technique dedicated to detecting HTs in
asynchronous circuits fabricated in CMOS
technologies. By exploiting the regular sidechannel properties of quasi-delay insensitive
(QDI) asynchronous circuits, we show their
natural ability in providing useful current and delay
signatures for identifying the presence of HTs.
Simulation results (Figure 2) demonstrate that the
proposed technique requires no extra circuitry or
power ports to detect HTs of a few hundred
transistors in designs under Trojan test with more
than 15 thousand transistors.
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Figure 1: New optimized BBICS architecture for detecting radiation and malicious faults

Figure 2: Current peaks and global delays obtained from Trojan-free and Trojan-infected ALU samples.
The ellipse surrounds data from golden devices with a confidence level of 95 %
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1. Goal
With every new generation of semiconductor
device
manufacturing
process,
further
miniaturization is realized and more complex
designs enabled. Ultimate-CMOS and post-CMOS
technologies promise integrating trillions devices
in a single die, leading to single-chip massively
parallel architectures comprising thousands
interconnected processors. While this is meant to
increase functionality and performance of the
target electronic product, but it makes the new
chips more susceptible to defect, and result in
fabrication yield, life-span, and reliability
challenges. It has adverse impacts on:
§ Timing skews
§ Process, voltage, and temperature (PVT)
variations
§ Circuit aging caused by hot carrier injection
(HCI), negative-bias thermal instability (NBTI)
§ Sensitivity to electro-magnetic interferences
(EMI) causing cross-talk and ground bounce
§ Sensitivity to radiation causing single-event
effects (SEUs, SETs)
§ Power dissipation and thermal constraints
These
issues
are
becoming
the
main
showstoppers in the path leading to these
technologies.
The resulting high defect levels, heterogeneous
behavior of identical circuit nodes, circuit
degradation over time, and integrated circuits
complexity, affect adversely fabrication yield and
reliability.
Cells
(On-Chip
Self-healing
Tera-Device
Processors) project comprises several techniques
spanning at all levels of the system: circuit,
processor/architectural,
routing
and
taskscheduling/allocation. Innovations are introduced
at all levels of this framework, including its overall
architecture, its particular components, and the
way the cooperation of these components is
architected to optimize the outcome. Cells
addresses the several issues related to ultimate
CMOS and post CMOS massively parallel TeraDevice processors, such us:
§ After fabrication, all processing and routing
nodes may be affected by some temporary
faults such as delay faults, or clock skews.
§ Fabrication faults altering persistently the
circuit behavior may affect one or more regular

blocks (RAMs, FIFOs, buses) in a large
fraction of nodes. Such faults may also
frequently occur during product life.
§ Fabrication faults altering persistently the
behavior of irregular blocks (thus difficult to
repair) may affect a significant portion of
nodes. Such faults may also frequently occur
during circuit life (e.g. every few days), and
thus during application execution.
§ New timing faults induced by circuit aging, as
well as soft errors (SEUs and transients) may
frequently occur during circuit life (and thus
during application execution).
§ Circuit degradation is continuous and requires
continuous self-regulation of circuit parameters
(clock-frequency, voltage levels, body bias), to
maintain operational each processor node.
Reducing Rollback Cost in VLSI Circuits to
Improve Fault Tolerance:
In nanometer technologies, circuits are more and
more sensitive to various kinds of perturbations.
Alpha particles and atmospheric neutrons induce
single-event upsets, affecting memory cells,
latches, and flip-flops. They also induce singleevent transients, initiated in the combinational
logic and captured by the latches and flip-flops
associated with the outputs of this logic. In the
past, the major efforts were related on memories.
However, as the whole situation is getting worse,
solutions that protect the entire design are
mandatory. Solutions for detecting the error in
logic functions already exist, but there are only
few solutions allowing the correction, leading to a
lot of hardware overhead in non-processor design.
In Cells project, we present a novel technique that
includes several hardware architectures and an
algorithm for their implementations, which reduces
the cost of rollback in any kinds of circuit.
Designing reliable cores in ultimate CMOS and
beyond: A double sampling solution:
The double sampling paradigm is an efficient
method to protect the circuits against soft-errors.
But the data that are going out of the area
protected by double sampling are still vulnerable.
In Cells project we proposed an architectural
solution that uses three latches to remove those
constraints and protect the area outside the
double sampling domain without adding a buffer
stage.
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Robust Routing Solutions for TSV-Based ThreeDimensional Networks-on-Chip:
3D integration opens up new opportunities for
future many-cores by enabling fast and highly
scalable 3D Network-on-Chip (NoC) topologies.
However, in an aim to reduce the cost of Throughsilicon via (TSV), partially vertically connected
NoCs, in which only a few vertical TSV links are
available, have been gaining relevance. To
reliably route packets under such conditions, we
introduce a lightweight, efficient and highly
resilient adaptive routing algorithm targeting
partially vertically connected 3D-NoCs. It requires
a very low number of virtual channels (VCs) to
achieve deadlock-freedom (2 VCs in the East and
North directions and 1 VC in all other directions),
and guarantees packet delivery as long as one
healthy TSV connecting all layers is available
anywhere in the network. For Cells project, an
improved version of our algorithm is also
developed and shown to dramatically improve
performance under low TSV availability while still
using less virtual channels than state-of-the-art
algorithms. A comprehensive evaluation of the
cost and performance of our algorithms is
performed to demonstrate their merits with
respects to existing solutions.
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1. Context and goals
Ionization resulting from charged particles present
in the environment where integrated circuits
operate may result in a wide range of
consequences gathered under the acronym SEE
(Single Event Effects) and classed as soft and hard
errors. Soft errors are the consequences of the
modification of the contents of memory cells. The
evaluation of the sensitivity of a given technology is
mandatory to cope with this problem.
A common strategy to save power in modern
electronic devices consists in reducing the power
supply value to the lowest possible value that allow
retaining information. This is known as Dynamic
Voltage Scaling (DVS). Although said threshold
value depends on the technology miniaturization, in
practical it means that the power supply can drop
from 3.3 V (nominal voltage) down to, e.g., 0.6 V.
However, the main drawback of this approach is
that it leads to an increase of the soft-error rate of
the devices in such a way that even low-energy
particles can induce single events.
In order to understand this phenomenon, TIMA/RIS
collaborates with GHADIR (Group of Dynamically
Reconfigurable Hardware) research group in UCM
(Universidad Complutense de Madrid) since 2013.
Other organisms / companies involved in this
research line are ONERA (Office National d'Etudes
et de Recherches Aérospatiales) at Toulouse in
charge of modelling, simulations and predictions,
and Cypress Semiconductor (US), who has
provided proprietary information about the layout of
the DUTs (Devices Under Test). CMOS COTS
Cypress 130 nm, 90 nm and 65 nm SRAMs, as
well as Renesas’ 110 nm SRAMs have been tested
under neutron radiation [1, 2]. The latter is softerror free, according to the manufacturer.
Another challenge that arises is the correct
interpretation of the results of a radiation campaign.
More specifically, Single Bit Upsets (SBUs) and
Multiple Cell Upsets (MCUs) must be correctly
extracted from the bulk of bitflips. Even if an
accurate methodology is used for this purpose,
there is still a problem: the accumulation of errors,
which might lead to think that 2 independent (and
nearby) SBUs are part of the same MCU. To cope
with this problem, a methodology has also been
developed to estimate how the measured multipleevent cross sections must be corrected to remove
the overestimation due to false events [3].
Radiation campaigns were carried out in the
GENEPI-2 (GEnérateur de NEutrons Pulsés
Intense) facility, which is a neutron accelerator

located at Laboratoire de Physique Subatomique et
de Cosmologie (LPSC, Grenoble - France). It
produces 14.2-MeV neutrons that are produced
under the impact of a deuteron beam onto a tritium
(T) or deuterium (D) target by fusion reactions
(Figure 1). The DUT faces the centre of the beam
line at a distance adjusted to the desired neutron
flux. Typically the DUT is placed to reach a neutron
7
-1
-2
flux of ~2.10 n.s .cm . Under these conditions,
10
11
the DUT is exposed to a dose of ~10 -10
neutrons within one hour.

Figure 1: The GENEPI-2 neutron facility

GENEPI-2 was proved to be an efficient irradiation
facility to study the neutron impact on integrated
circuits: relevant statistics on induced SEUs can be
reached within five minutes. This irradiation flux is a
significant improvement with respect to the
radiation values previous to the facility upgrade that
was carried out recently.
2. Recent outcomes
The following 2Mx8-bit SRAMs from Cypress
Semiconductor and Renesas were tested:
– CY62167DV30LL: 130 nm (Cypress Semic.)
– CY62167EV30LL: 90 nm (Cypress Semic.)
– CY62167GE30-4: 65 nm (Cypress Semic.)
– RMLV1616AGSA-5S2: 110 nm (Renesas)
Results obtained for SRAMs at ultra-low bias
voltage
Experimental results clearly indicate that the softerror cross sections increase as the power supply
value decreases [1]. Figure 2 presents the raw
numbers of bitflips that were found, although a finer
analysis distinguishing MCUs and SBUs was also
carried out in that work (not included in this report
for simplicity). Events with larger multiplicities were
very common for the 90-nm SRAM, but much less
likely in the other ones (see the peaks between 1,5
and 2,0 V for that SRAM in Figure 2). Also, the softerror cross sections show a sensitivity decrease as
the technology shrinks (this can also be observed
in Figure 2, roughly).
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isolated SBUs, along with clusters of errors that
were only visible at low bias voltages (which were
named “Low Voltage Stuck Bits”) were observed.
There is a slight difference in the signature of these
errors between the new device and the previous
one. Indeed, in the 150-nm device, said errors
usually occurred at ultra-low bias voltages, close to
the retention limit. On the contrary, in the new
model, the phenomena occur at intermediate
voltages. As Renesas has not yet provided
information about the internal structure of the
device, these phenomena will be postulated in the
near future.
Figure 2: Errors observed at different voltages (taken from [1])

The classification of the different kinds of errors
was done by using proprietary information provided
by Cypress Semiconductor. Another important
detail is that the 65-nm device has Error Correction
Code (ECC) that had to be deactivated for a better
interpretation of the experiments.
The results from the experiments were used to
feed simulation tools developed by ONERA that
allowed estimating the expected number of errors
due to radiation in several natural environments
such as sea level or high-altitude flights. Matching
between predictions and experimental results was
almost perfect.
Experiments also showed that micro latch-ups and
SEFIs (Single Event Function Interrupts) may occur
in these SRAMs at intermediate voltages (1.1-1.7
V) yielding strange of errors on the order of 25
bitflips and MBUs (see Figure 3). This
phenomenon was not observed neither at nominal
voltages (~3.3 V) nor at ultra-low ones (~0.5 V).

SBU/MCU refinement technique
Finally, it is well known that, if a radiation-ground
experiment has enough bitflips, it is possible that
unrelated addresses affecting nearby cells are
erroneously taken as a multiple event. We have
also studied radiation experiments as a special
case of the urn-and-balls problem in probability
theory to estimate how the measured multipleevent cross sections must be corrected to remove
the overestimation due to the false events [3]. That
work proposes equations to estimate the number of
false MBUs and 2-bit MCUs.
These equations were verified with Monte-Carlo
simulations, where only SBUs occurred randomly
in all the SRAM. The match between the
predictions of the equation and said simulations
was perfect (Figure 4, referring to the Manhattan
Distance, a metric to group bitflips into MCUs).

Figure 4: Monte-Carlo simulations vs. predictions of false
MCUs, when using Manhattan distance metric (taken from [3])
Figure 3: Errors affected by MBUs and SEFIs (taken from [1])

Concerning the RMLV1616AGSA-5S2 SRAM, an
old version of this device (CMOS 150-nm) was
tested in previous campaigns. Recently, a more
advanced model was released by Renesas in
CMOS 110-nm technology, so different samples
were purchased and tested with nominal and low
bias voltages (from 0.5V to 3.3V). Experimental
results seem to show that, at nominal voltage, this
SRAM is extremely tolerant to 14-MeV neutrons,
backing up the manufacturer’s claim of being softerror free at typical environments. However,
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1. Introduction
For selecting the appropriate device intended to be
implemented in a system operating in harsh
radiation environment, it is imperative to evaluate the
SEE sensitivity of the candidates, and then to
establish a trade-off between costs and reliability
depending on the application and the operating
environment. However, the evaluation based on
dynamic radiation tests is costly in terms of time and
money. For this reason, a prediction approach is
required. Furthermore, the widespread use of
multi/many-core processors in embedded systems
requires a prediction error-rate suitable for these
devices.
This work proposes an error-rate prediction
approach and the evaluation of the sensitivity of
applications implemented in multi and many-core
processors
exposed
to
harsh
radiation
environments. To validate the generality of this
approach, three different Commercial-Off-The-Shelf
devices were targeted aiming at representing the
most relevant technological and architectural
aspects of multi/many-core processors: the
Freescale P2041 quad-core processor, the
Adapteva Epiphany E16G301 microprocessor and
the Kalray MPPA-256 many-core processor. The
Single Event Effect (SEE) sensitivity evaluation and
the error-rate prediction was accomplished by
combining radiation experiments with 14 Mev
neutrons in particle accelerators to emulate a harsh
radiation environment, and fault injection in cache
memories, shared memories or processor registers,
to emulate the consequences of Single Event Upset
(SEU) in the program execution.
2. Error-rate prediction approach
The proposed approach is based on the principles of
the Code Emulating Upset (CEU) approach. Up to
now, the CEU approach has been successfully
applied and validated for mono-core processors.
However, the complexity of the processors has
significantly increased due to the manufacturing
technology, device architecture, number of cores,
interconnections, functionalities, etc. Therefore, it is
reasonable to validate a new approach for complex
devices such as multi/many-core processors. Due to
the large number of functionalities and pins that
complex processors implement, it is not further
possible to use the ASTERICS platform for injecting

fault in this kind of devices. It is thus convenient to
extend the CEU approach to multi/many-core
processors benefiting of the multiplicity of cores by
using one of them as fault injector while the others
execute the chosen application. In order to isolate
the fault injector, the device has to be configured in
Asymmetric multi-processing mode. For performing
the fault-injection, inter-core interrupts are used.
Considering the architecture of the multi/many-core
processors, this work proposes the addition of
derating factors to the contribution of shared and
cache memories for improving the accuracy of the
prediction. These factors depend on the memory
used by the application and the exposure time to
radiation of shared and cache memories. By adding
these derating factors, the equation that defines the
approach is the following:
τ"#$ = τ'() ∗ σ",-,./ ∗ Mf ∗ Etf
Where τinj is obtained from fault injection campaigns.
It is defined as average number of injected faults
needed to cause an error in the result of the
application. σ",-,./ is obtained from radiation tests
and provides the average number of particles
needed to cause a bit-flip in the device memory
cells. Mf is the memory utilization factor. It is the
amount of memory used by the application with
respect to the total memory of the device. Lastly, Etf
is the exposure time factor, which is applied when
the multi/many-core processor performs as a coprocessor of a development board and in order to
log the results, it needs synchronization between the
co-processor and the Host.
3. Evaluation of the target devices
Freescale P2041
This device is a quad-core processor manufactured
in 45nm SOI technology which implements ECC and
parity in their cache memories. Obtained results
from the evaluation of the P2041 multi-core
demonstrate that fault injection allows identifying
vulnerabilities in the application, and improving the
programming strategy for reducing the impact of
faults in the results. From the static test, it was
confirmed that SOI process technology is more
robust than traditional bulk CMOS. On the other
hand, dynamic tests have demonstrated that in spite
of the parity and ECC protection mechanisms, there
were errors in the result of the application caused by
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MBUs in the address tags and data array. Finally,
results show an underestimation of the predicted
error-rate, since not all sensitive zones were
targeted during the static test and fault injection
campaigns. Furthermore, the implementation of
ECC and parity in the device’s cache memories may
affect the error-rate prediction.
Adapteva Epiphany E16G301
This microprocessor is manufactured in 65nm
CMOS process which integrates 16 processor cores
and do not implement any protection mechanism.
From its evaluation, it can be seen that the proposed
approach was effective for predicting the application
error-rate. The fact that this device does not
implement protection mechanisms has allowed a
good estimation of the error-rate, confirming that
protection mechanisms affect the testing and errorrate prediction. During the dynamic radiation test,
input matrices were also checked to identify silent
faults. It was done in order to obtain the
experimental error-rate of the application which has
a good correlation with the error rate obtained from
fault injection.
Kalray MPPA-256
The
MPPA-256
many-core
processor
is
manufactured in 28nm TSMC CMOS technology
which integrates 16 compute clusters each one with
17 processor cores, and implements ECC in its
static memories and parity in its cache memories.
Its evaluation shows that both, ECC and interleaving
implemented in the SMEMs of the clusters are very
effective to mitigate SEU type errors, since all the
detected SEUs in the SMEMs were corrected during
the static test. In addition, dynamic tests have
demonstrated that by enabling the cache memories
it is possible to gain in application performance
without a reliability penalty, since cache memories
implement an effective parity protection. Regarding
the radiation experimental results, the prediction of
the error-rate was based only on registers’
contribution since they do not implement any
protection mechanism. Despite the complexity of this
many-core processor, the prediction of the error-rate
has a small underestimation that confirms the
applicability of the approach to these devices. The
possible reasons for this underestimation are: only
accessible registers were targeted, communication
infrastructure was not targeted, protection
mechanisms may affect the error-rate prediction.
Table 1 shows a summary of the neutron radiation
experiments targeting the three multi/many-core
processors.
DEVICE
Freescale P2041
Adapteva
E16G301
Kalray MPPA-256

8.51x10@A

Measured
error rate
2
[cm /device]
4.25x10@A

Predicted
error rate
2
[cm /device]
3.27x10@A

9.27𝑥10@H

4.63x10@H

4.02x10@H

12.71𝑥10@A

5.78𝑥10@A

4.73x10@A

𝝈𝑺𝑻𝑨𝑻𝑰𝑪
2

[cm /device]

4. Future work
The current work has presented a first insight in the
vast study of the sensitivity to radiation of multi-core
and many-core processors. For continuing with this
work, the following topics can be explored: validation
of the proposed approach using different
programming models, validation of a real space
application, validation by exposing to heavy-ions,
evaluation of the communication infrastructure, and
application of redundancy techniques to improve the
reliability of the device.
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cores comprising the device. It is important to note
1. Introduction
that each partition can be configured in bare-metal
or with an independent OS.
Multi-core and many-core processors are a
promising solution to achieve high performance by
In bare-metal, no OS is used, then the programmer
maintaining a lower power consumption. However,
uses the functions provided by the manufacturer to
the degree of miniaturization makes them more
access hardware resources. There is no abstraction
sensitive to soft-errors. To improve the system
layer from the hardware architecture.
reliability, this work proposes a fault-tolerance
Furthermore, it is proposed for critical functions that
approach based on redundancy and partitioning
N partitions with the same configuration participate
principles called N-Modular Redundancy and Min an N-Modular redundancy system. Thus, several
Partitions (NMR-MPar). By combining both
partitions execute the same application, and the
principles, this approach allows multi-/many-core
results are used by a voter to build a fault-tolerant
processors to perform critical functions in mixedsystem. The voter system can include one or more
criticality systems. Benefiting from the capabilities of
cores of the device, or an external one if desired.
these devices, NMR-MPar creates different
Depending on the partition of the device, several Npartitions that perform independent functions. For
modular redundancy systems may run on it
critical functions, it is proposed that N partitions with
concurrently. Figure 1 illustrates an example of this
the same configuration participate of an N-modular
approach implemented on a multi-core having 16
redundancy system. In order to validate the
processor cores. The example establishes seven
approach, a case study is implemented on the
partitions (M = 7). Partitions P0-P2 are quad-core,
KALRAY Multi-Purpose Processing Array (MPPA)while P3-P6 are mono-core. The quad-core
256 many-core processor running two parallel
partitions are part of a TMR system. Each one of
benchmark applications. The traveling salesman
them runs in SMP mode executing the parallel
problem and matrix multiplication applications were
Application 1. On the other side, mono-core
selected to test different device’s resources. The
partitions (P3-P5) are part of another TMR running
effectiveness of NMR-MPar is assessed by
Application 2. The last mono-core partition P6 is the
software-implemented fault-injection. For evaluation
voter of both TMRs.
purposes, it is considered that the system is
intended to be used in avionics. Results show the
The latter is configured in bare-metal to reduce the
improvement of the application reliability by two
use of resources, minimizing the impact of faults. By
orders of magnitude when implementing NMR-MPar
using this approach, temporal and spatial isolation of
on the system. Finally, this work opens the
the applications is guaranteed by this type of
possibility to use massive parallelism for dependable
partitioning. The security of each partition against
applications in embedded systems.
unauthorized access and data modification can be
obtained by the configuration of the system.
2. N-Modular Redundancy and M-Partitions
approach
3. Case-Study: NMR-MPar Implemented on the
MPPA-256 Processor
The partitioning principle is used to create different
partitions that co-exist in the same device. This is
This case-study implements the NMR-MPar
typically done by the hypervisor, which provides
approach to improve the reliability on parallel
virtual CPUs to each partition. In contrast, the NMRapplications running on the MPPA-256 many-core
MPar approach proposes a physical resource
processor. The latter is a clusterized device that
distribution to each partition, to minimize the
implements two Input Output cluster (IOs) for
propagation of faults producing dysfunctions in other
external communication and minimal processing and
resources or cores. Each partition can be setup as a
sixteen Compute Clusters (CCs) exclusively for
mono- or multi-core running on different
processing. The IO cluster is comprised by eight
multiprocessing
modes:
Asymmetric
Multicores called Resource Managers (RMs), while each
Processing (AMP) or Symmetric Multi-Processing
CC consists of one RM in charge of managing the
(SMP) mode with different programming models:
resources and sixteen Processing Engines (PEs)
bare-metal, OpenMP, Portable Operating System
cores for computing. Both types of clusters include a
Interface uniX (POSIX), etc. Consequently, there is
private Static Memory (SMEM). The intra-cluster
a considerable versatility for the system
communication is achieved by buses, while the interconfiguration that is enhanced by the number of
cluster communication is performed by using two
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Network-on-Chips (NoCs). The great configuration
flexibility of the MPPA allows running independent
applications per cluster or programming multi-cluster
applications in a classic master/slave scheme,
where the IO cluster performs as the master. For
inter-cluster communication, the manufacturer
provides a library with a set of functions for data
exchanges through the MPPA NoC. Since, the
MPPA is a coprocessor, a CPU host (HOST) is
needed to manage it. The communication between
the HOST and the MPPA is achieved using specific
drivers provided by the manufacturer. Two types of
distributed applications were evaluated: CPU-bound
and memory bound, the Traveling Salesman
Problem (TSP) and the Matrix Multiplication (MM),
respectively. The importance of selecting two
different natures of application lies in testing different
complementary on-chip resources, which allows
verifying the effectiveness of the approach under
different scenarios.
4. Results
The validation of the proposed approach was done
by SWIFI, which is a useful technique to emulate
SEU effects. The adopted approach was proven in
our previous works concerning fault-injection for
multi-core processors. It is important to note that the
objective of this approach is to reproduce the SEUs
effects, which are bit-flips in memory cells caused by
natural radiation. This case-study implements one
core of the device as the fault-injector, the RM3 core
being of IO Cluster 0. Fault-injection campaigns for
both applications are devoted to inject faults in the
General Purpose Registers (GPRs) and 15 System
Function Registers (SFRs) of the PEs belonging to
the compute clusters. The fault-injection campaigns
consider the emulation of one SEU per execution.
For the scenario including a supervisor, only the
runs resulting in exceptions with the same faultinjection parameters were re-executed, this to
evaluate the behavior of the system in this scenario
under the same conditions. It was thus necessary to
inject 204 additional faults in the TSP and 4393 in
the MM. Results show that the number of exceptions
was drastically reduced from two hundred four to
one and from four thousands three hundred ninety
three to one hundred forty one, respectively. The
details regarding the exceptions for both scenarios
are summarized in following table.
Scenario

Core
Stuck

Segmentation
Fault

TSP-no-tty

39

165

TSP-tty
MM-no-tty
MM-tty

0
402
0

0
3948
95

Device
Exit
0

Total
Exceptions

1
43
46

1
4393
141

204

Table 1: Exceptions produced by fault-injection
on the 4MR-8Par applications

5. Future work
The NMR-MPar can be implemented in other multi/many-core processors, the implementation being
specific for each device. Evaluation results of the
implemented case study are encouraging since they

open the possibility to use massive parallelism for
dependable applications in embedded systems.
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1. Introduction
Multicore processors are a suitable solution for
achieving high performance and reliability without
increasing significantly the power consumption. Its
processing capacity and redundancy capabilities
make them appropriate devices for implementing
fault-tolerant mechanisms [1, 2]. Hence, avionic
industries are interested in incorporating these
devices in their systems [3]. However, the high
degree of miniaturization (nanometer-scale) of
multicores increases their vulnerability to the
effects of natural radiation. This radiation may
result in transient and permanent failures called
single event effects (SEEs). Among them, the
single event upset (SEU) is the most
representative, since it may produce the
modification of the content of a memory cell [4].
For this reason, manufacturers are enhancing
fabrication processes and architectural designs.
Silicon-on-Insulator (SOI) is a clear example of
technology improvements, implemented to face
traditional bulk CMOS drawbacks [5, 6]. Radiation
hardening by design (RHBD) techniques are also
used to mitigate SEU consequences [7]. The
implementation of error correcting codes (ECCs)
and parity to protect the internal memory of the
processors is useful but not enough in presence
of multiple bit upsets (MBUs). Another well-known
RHBD technique is the triple modular redundancy
(TMR) which significantly improves the reliability
of the system. Nevertheless, having more robust
or dedicated components implies a considerable
increase in costs. Consequently, an important
challenge for aircraft industries is the integration
of commercial-off-the-shelf (COTS) multicore
processors due to budget and availability issues
[8]. The current work assesses the effects of
neutron radiation on a multicore processor which
does not implement protection mechanisms in its
internal memories. This is achieved by means of
two accelerated radiation experiments. The first
one aims at evaluating the device (hardware)
sensitivity, while the second one evaluates the
application (software) sensitivity. Part of the
results of current research has been presented in
[9].
2. Methodology
Accelerated radiation ground testing allows
performing the analysis of the sensitivity to
radiation of electronic devices through artificial
radiation environments. It is the fastest way to

obtain statistically meaningful data in a short
period of time, since the more particles hit the
component, the more SEEs are observed [16].
The reproducibility of the experiment is also
another major advantage of this strategy.
Consequently, this work considers two models of
tests for evaluating the sensitivity of a multicore
processor: a static test in order to obtain the
intrinsic sensitivity of the device’s memory cells
and a dynamic test for evaluating the dynamic
response of the implemented application [17].
In this work, experimental tests have been
conducted with 14MeV neutron radiation to
emulate the effects of high-energy neutrons
present at avionic altitudes, since neutrons are the
most representative particles in the Earth’s
atmosphere. Reference [18] discusses the
relevance of using the 14MeV neutron test to
characterize the SEU sensitivity of digital devices.
Sections 3 and 6 of the JESD89A document of the
JEDEC standard were used as a base protocol for
the experimental tests [19].
Static Test. This test aims at estimating the
intrinsic sensitivity to SEE of the memory cells of a
processor. The device under test (DUT) is placed
facing the center of the target perpendicularly to
the beam axis at a distance depending on the
required radiation flux. Typically, the method
consists in writing a predefined pattern in the
memory and accessible registers of the processor
via the instruction set (load and store). Once
finished the initialization, the DUT is irradiated and
the program checks periodically the memory
locations along the radiation test to detect upset
events. If an upset is detected, the program writes
the correct pattern in the associated memory
location and logs the results to an external host
via Ethernet ports.
During the static test, all the sensitive zones are
exposed to radiation at the same time, which do
not represent the real behavior of the circuit since
not all the memory resources are used
simultaneously when an application is executed.
For this reason, the static test provides the worstcase estimation of the device sensitivity. As a
result of this test, the static cross section (σSTATIC)
of the device is obtained. It is defined as the
number of detected upset events divided by the
fluence, which is the neutron flux integrated in
time.
The elementary data pattern for memory circuits is
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a logical checkerboard. All zeros and all ones is
also a common pattern used during the radiation
test. However, some memories such as DRAMs
usually have a favorite error failure, either 0->1 or
1->0. For this reason, for testing when there is no
a priori information about the component, the test
pattern have to balance the number of 0’s and 1’s.
Thus, the selected pattern for the static test was
0x55AA55AA.
Regarding the exposure time to radiation of the
device, it is important to consider that the
probability of having an upset event during a given
period of time is a stochastic process that follows
a Poisson distribution. Thus, the waiting time
between the read operations in the static test can
be validated by analyzing the distribution of the
number of events per unit of time. If the obtained
distribution does not follow the Poisson law, the
waiting time should be adjusted.
Dynamic Test. The goal of this test is to estimate
the SEE dynamic response of an application
running on a processor. As a result of the
experiment, the dynamic cross section (σDYN) is
obtained. Unlike the static test, it only evaluates
the memory cells used by the application. The
method consists in the periodical execution of an
application while the processor is being irradiated
to induce SEE. Once finished each execution of
the program, results are compared with a set of
correct values previously obtained, in order to
detect errors. The experiment is launched and
monitored using a host computer located outside
the armored chamber. The communication
between the external host and the Parallella host
is achieved by means of the Ethernet port using
the Linux ssh communication command. All
detected errors are logged and transmitted to the
external host which stores the results.
3. Results
Radiation experiments performed on the Epiphany
E16G301 are very interesting compared to similar
works targeting other multicore processors, since
errors produced by SEE are clearly identified as
they are not masked by protection mechanisms
such as ECC or parity. This fact allows a better
analysis of the behavior of the device in presence
of SEEs.
Concerning the limitations of the experiments,
there are two points to consider:
(i) The E16G301 processor does not have direct
access to printf function for logging results. For
this reason it has to write the information about
observed events in the external DDR memory of
the board. *is information is logged by the host
processor (ARM).
(ii) The physical distance between the E16G301
multicore and the host processor in the Parallella
board is less than one centimeter. It was thus
necessary to limit the neutron flux for avoiding

particles affecting the host processor and other
circuitries.
Experimental Setup. The DUTwas placed at a
distance of 38.5 ± 0.5cm to the target. The
neutron beam energy was 14MeV with an
4
estimated flux of 7.2 x 10 n·cm−2 ·s−1 with an error
4
of ±0.1 × 10 n·cm−2 ·s−1. Special attention was
required to protect the rest of the platform
components from radiation. For that, the E16G301
multicore was irradiated through a small window
on a 5 cm thickness polypropylene block intended
to protect the readout platform.
SEE Type
SBU
MCU (2)
SEFI
Total

Test 1
29
1
3
33

Test 2
17
5
2
24

Test 3
23
1
0
24

Consequences
Bit-flip
Bit-flip
Hangs
—

Table 1: Results of the static radiation test campaigns

4. Future work
The Adapteva Epiphany multicore processor will
be proposed to be used for image processing in a
military aircraft. In parallel, another module
containing the Epiphany processor will execute a
memory-bound application in order to detect
SEUs produced in real operating environment.
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1. Introduction
Currently, there is a special interest in validating
the use of Commercial-Off-The-Shelf (COTS)
multi/many-core
processors
for
critical
applications thanks to their high performance, low
power consumption and affordability. However,
the continuous shrinking of transistor geometry
and the increasing complexity of these devices
dramatically affect their sensitivity to natural
radiation, and thus diminish their reliability. One of
the most common effects produced by natural
radiation is the Single Event Upset which is the
bit-flip of a memory content producing unexpected
results at application-level. For this reason,
manufacturers and users implement hardware
and software error-mitigation techniques on
multi/many-core processors. In this context, the
present work aims at evaluating a new faulttolerance approach based on N-Modular
redundancy (NMR) and partitioning called NMRMPar by means of 14 MeV neutron radiation
ground testing in order to emulate the effects of
high-energy neutrons present at avionics
altitudes. For evaluation purposes, a case-study is
implemented on the 28 nm CMOS KALRAY
MPPA-256 many-core processor running two
complementary benchmarks applications: a
distributed Matrix Multiplication and the Travel
Salesman Problem. Radiation experiments were
conducted in GENEPI2 particle-accelerator.
The correctness of the results of the application
when an error s detected confirms the approach’s
effectiveness and boosts their usage on avionics
applications.
2. Materials and Methods
The selected device is the KALRAY MPPA-256
many-core processor due to its advanced CMOS
28 nm manufacturing technology and its
architecture, which is similar to the Shen Wei
SW26010 (260 cores) many-core processor,
which is the base processor of the second
TOP500 super computer list (June 2018). In
addition, the MPPA many-core is focus of interest
of embedded community to study the possibility of
its use in critical real-time embedded systems. For
instance, CAPACITES is a project that gathers

French academics and industrial partners to
analyse the possibility of using MPPA many-core
processors for critical embedded systems.
The MPPA-256 considered in this work is the
second version called Bostan. This processor is
manufactured in TSMC CMOS 28HP technology.
The processor operates between 100 MHz and
600 MHz, for a typical power ranging between 15
W and 25 W. Its peak floating-point performances
at 600 MHz are 634 GFLOPS and 316 GFLOPS
for single and double-precision respectively. It
integrates 256 Processing Engines (PEs) cores
and 32 Resource Managers (RMs) cores
distributed in a clustered architecture. All cores
are based on the same VLIW 32-bit/64-bit
architecture. The MPPA-256 comprises two Input
Output cluster (IO) for external communication
and minimal processing, and sixteen Compute
Clusters (CC) exclusively for processing. The
communication intra-cluster is achieved by buses
while the communication inter-cluster is performed
by a wormhole switching network-on-chip (NoC)
with 32 nodes and a 2D torus topology.
This work proposes the use of two types of
distributed applications: a CPU-bound and a
memory-bound.
The
selected
CPU-bound
application is the Traveling Salesman Problem
(TSP), a Non-deterministic Polynomial (NP) hard
problem very used for evaluating computing
system optimization. This application aims at
finding the shortest possible route to visit n cities,
visiting each city exactly once and returning to the
departure city. To solve the problem there are
several proposals. This work uses a brute force
exact algorithm based on a simple heuristic. The
implemented version of TSP on the MPPA by
authors of was used as a basis. The light dark
format in the illustration of the solution means that
this possible route was not completely explored. It
was discarded when the algorithm arrive to city 4,
because the path distance until this point (65) is
larger than other complete solution (62).
On the other hand, the Matrix Multiplication (MM)
was chosen as memory-bound application. The
MM is widely used for solving scientific problems
related to linear algebra, such as systems of
equations, calculus of structures and determinants
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among others. Concerning avionic applications,
MM is used for image processing, filtering,
adaptive control, and navigation and tracking. In
addition, the parallelism of MM is one of the most
fundamental problems in distributed and HighPerformance Computing. There are many
approaches proposed to optimize performance.
The present work implements the approach divide
and conquer. The selected application is a
collaborative 256 x256 matrix multiplication.

all the cases, by using the approach, the
application reliability was increased. The most
dangerous consequences “application erroneous
result” were masked, while timeouts and
exceptions were detected by the system.
Timeouts were produced when an IO Trap was
executed. The possibility of having IO Traps
depends on the use of the Resource Manager
cores of the IO Cluster. By minimizing its use, the
system reliability could be improved.

This work evaluates the fault-tolerance approach
called NMR-MPar under neutron radiation. This
approach uses redundancy and partitioning as
basic concepts to improve the reliability of
applications running on multi-core and many-core
processors. NMR-MPar takes advantage of the
multiplicity of cores to implement redundancy
techniques
that
allow
masking
faults.
Complementary, partitioning protects against not
authorized access and data modification by
temporal and spatial isolation of each partition.
The proposed approach was presented in a
previous work [17].
3. Results
Soft error consequences of the six scenarios are
illustrated in Figure 1. From the results, it is
possible to observe a different behavior of the
NMR-MPar depending on the application. For the
MM, all the errors were masked, while for the
TSP, there remain to be some timeouts and
exceptions that cannot be masked. This can be
explained by the fact that parity errors in cache
memories were not masked by the approach
since the memory was not invalidated. As it was
aforementioned, the default code for handlingtrap-code was not overwritten by the userprogrammed wrap-code, so when a parity error is
detected, the operating system produces a
timeout or an exception. Since the execution time
of TSP is larger than the MM, and the use of
cache memories is different because of the nature
of each application, TSP is more sensible to parity
errors in cache memories. Results show more
exceptions and timeouts for the TSP scenarios
solving the 17 cities problem caused by the longer
exposure time of the application which is around
seven times the other applications (TSP-16 cities
and MM).
Furthermore, an increase in the number of
exceptions when using NMR-MPar in the TSP-17
cities is observed. This can be explained by both
a longer exposure time and an increase in the
sensitive zone, so the possibility of having parity
errors in cache memories has increased.
Therefore, in order to decrease the number of
timeouts and exceptions of the application, it is
necessary that the handling-trap-code considers
the invalidation of cache memories when a parity
error is detected. This politic of invalidation should
be considered by manufacturers in proprietary
systems or by programmers in open systems. In

Figure 6: Comparison of the consequences
of the evaluated applications
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1. Context and goals
This project aims at building an On-Board
Computer (OBC) for nanosatellites applications
benefitting of the performances and faulttolerance possibilities offered by the many-core
processors. Indeed, in the average nanosatellites
have an expected lifetime of one year and a half,
but sometimes some nanosatellites live only a few
months. This situation can be explained by the
fact that OBC of nanosatellites are built from
circuits Commercial Off-the-Shelf (COTS) and
thus radiation effects may result in errors which
are not detected/corrected and can in some cases
make miss the satellite.
The continuous advances in integrated circuit
manufacturing technologies allow nowadays
building processors with a huge number of
computing nodes, which may be used to form
complete systems in a single chip. These circuits,
called many-core processors, enable the
implementation
of
parallel
or
distributed
applications with high computing power and
performance [1, 2]. This potential opens
interesting doors in a wide range of domain areas,
with special emphasis on aerospace projects,
avionics, scientific instrumentation, standalone
transport and the Internet of Things (IoT).
Miniaturization, however, has a significant impact
on reliability and this must be considered for any
application where failures can have critical
consequences. In fact, since the early 1990´s it
has been extensively studied and demonstrated
that integrated circuits are sensitive to the effects
of energetic particles (heavy ions, protons,
neutrons, etc.) present in the environment in
which they will operate [3]. This which in the past
strictly concerned space applications, due to the
high energies of the cosmic rays which can
perturb the functioning of the circuits, must
nowadays be considered for any application
implemented in circuits issued from advanced
nanometric manufacturing technologies, whose
failure can have critical consequences, even if it is
intended to operate in the Earth's atmosphere at
sea level. As an example it can be mentioned that
several experiments aiming to highlight this issue
were made in aircrafts, satellites and mountains,
by the scientific communities related to this topic
and as part of the researches of TIMA/RIS. These
experiments have shown that the reliability of

these components must be considered in any
application implemented in very advanced devices
such as multi and many-core processors [4, 5, 6].
Currently, tests performed in particle accelerators
are the standard way to estimate the sensitivity to
radiation of integrated circuits. This type of tests
were the objective of the last two doctoral thesis
developed and supported by TIMA/RIS and have
been focused on estimating the intrinsic sensitivity
of a many-core processors, the MPPA-256
(Massively Parallel Processor Array), produced by
Kalray (Grenoble, France). A deep study of fault
tolerance techniques that can be implemented,
benefiting from the multiplicity of cores was
achieved. It is important to mention that these
researches lead to the first references concerning
the radiation effects on a many-core processor
that were disseminated in the scientific community
related to the effects of radiation in circuits and
integrated systems [7, 8].
Due to the significant growth of academic
activities on nano-satellites, it was decided at
TIMA/RIS to objectively explore the possibility of
using many-core processors to implement the
OBC of a nano-satellite considering the effects of
radiation as a "threat" to reliability. This context
has motivated the objective of the OVNIPROM
(Ordinateur de Vol d'un Nanosatellite Implémenté
dans un Processeur Many-core) project, to
develop and validate the on-board computer of a
nano-satellite with the MPPA-256 processor,
including the fault-tolerance techniques necessary
to guarantee the useful lifetime and efficiency of
the mission. The advantages of MPPA-256
mentioned above are due to the fact that its a
computer performance to 0.7 Tera FLOP (FLOP:
floating-point operations per second).
2. Recent outcomes
The first year activities OVNIPROM were focused
to the development of a manual, which describes
in detail the programming environment of the
MPPA-256 through the Eclipse software [Java
Integrated Development Environment (IDE) and
C/C++] containing information necessary for
parallel and threaded programming of the MPPA256.
A bibliographic and technical review of different
On-Board Computer (OBC) commercial systems
was also carried out.
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Subsystems were studied to complement and to
integrate an OBC, such as energy control
(batteries and solar panels) and different
topologies of magnetorquer. A study was also
made on sensors (solar, temperature and
altitude), elaborating a library of available
electronic devices and circuits tolerant to
radiation.
3. Future work
Starting from a Kalray development kit, adapt its
configuration for the elaboration of an OBC,
adding interfaces and subsystems that allow its
application in the construction of a nano satellite.
Include fault-tolerant software and a real-time
communication system, e.g. DTN (Delay Tolerant
Network).
Implementation of an algorithm in MPPA-256 for
an Energy Efficiency system.
Projects will be carried out to make possible the
development of the nanosatellite and the
possibility of its launch in 2020 in collaboration
with the National Commission for Space Activities
of Argentina (CONAE).

Figure 2: Configuration of an OBC containing the MPPA
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1. Context and goals
Global bus-based interconnect has become a
bottleneck for future high-performance System-onChip. To alleviate the limitation of bus-based
solution, Network-on-Chip has emerged as a
promising alternative thanks to its scalability, high
bandwidth, better throughput and lower power
consumption. However, the conventional twodimensional integrated circuit (2D-IC) has limited
floor-planning choices with increasing number of
processing elements attached, limiting the potential
performance of two-dimensional Networks-on-Chip
architecture. In order to extend 2D-IC capabilities,
multiple layers of active devices are integrated using
vertical high-speed interconnection in a threedimensional integrated circuit (3D-IC) architecture.
This approach permits the use of three-dimensional
Networks-on-Chip (3D-NoC), which reduces the
interconnection lengths and improve the overall
Networks-on-Chip performance.
Among the vertical interconnection technologies,
Through Silicon-Via (TSV) has been accepted as
one of the most viable technology since it enables
faster and more power efficient inter-layer
communication across multiple stacked layers.
However, a large area overhead imposed by the
TSV interconnect pitch and the extra manufacturing
cost limit the number of TSV into 3D-IC. Additionally,
since TSVs present lower reliability, the risk of failure
in a 3D-IC will increase as the number of TSVs
increases. These limitations force the designer to
adopt an architecture of 3D-NoC partially connected
where only a subset of all vertical links will be
connected either due to the high-cost of fabrication
or the high rate of TSV failures.

virtual channel along the North and East direction to
be both adaptive and deadlock-free. Also, RuNS
presents a set of eight bits per router which is
combined with our TSVs status propagation and our
fault-tolerant routing algorithm to search for a
healthy elevator (vertical link). Additionally, RuNS
uses a rerouting mechanism and an escape-buffer
inside of each router to avoid dropping packets [1].

Figure 1: 3D-NoC Architecture

Target Architecture
We consider a partially connected 3D-NoC mesh
architecture, wherein the routers include, in addition
to the usual five ports (East/X+, West/X-, North/Y+,
South/Y-, Local), either an Up/Z+ port, a Down/Zport, or both (i.e. 5, 6 and 7 port configuration). The
Up and Down ports of the router are connected
vertically through TSVs, as shown in Figure 1. Each
TSV pillar is connected in all layers and we call them
“elevator”. That is, each elevator connects all layers
and have the Up and Down port.

In this context, many works have addressed the
vertical link (elevator) failure problem adopting faulttolerant techniques in the routing algorithm for 3DNoC. However, as it is explained in the section II,
most of the already existing routing scheme present
one or more of the following problems: A large
number of TSVs and Virtual Channels to recover
from faults, specific routing rules that pose
restrictions on the location and the selection of
TSVs, and/or an offline mechanism to reconfigure
the entire 3D-NoC after faults. All these techniques
either significantly increase the hardware resources
or need to drop packets in the reconfiguration phase
until the network goes back to its stable condition.
These issues motivated us to develop an efficient
and highly resilient routing scheme called RuNS
(Runtime fault-tolerant 3D Networks-on-Chip
Scheme) that can tolerate manufacture and runtime
faults occurring in the vertical link of a partially
connected 3D-NoC. RuNS requires one additional

Figure 2: Elevator configurable bits for:
(a) Initially operationwith all healthy elevators and
(b) Runtime faulty TSV status propagation in one hop

Locating Healthy Elevator and Propagating
Status
The challenge for the routing algorithm in a partially
connected 3D-NoC is to find an elevator to deliver
the packet through its source layer to its destination
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layer. To deal with this challenge, we have extended
the techniques proposed by [2]. Those techniques
determine the possible elevator’s position using
some configuration bits inside of the routers. In our
method, each router stores an 8-bit vector [North,
East, South, West, NE, NW, SE, and SW] indicating
the presence of at least an elevator in one direction.
For example, the North or South bits are set if there
is at least one elevator in the same column to the
North or the South, respectively. The NE and NW,
on the other hand, are used to indicate the existence
of an elevator in the northeast or northwest
directions, respectively. To illustrate how these 8-bits
are set, let us consider the example shown in Figure
2(a) where only the bits pointing to elevators are set
to one. In this example, the router 5 knows that there
are elevators in the East(E6), NE(E3), SE(E15) and
SW(E8) direction because the corresponding
elevator position bits from its 8-bits vector are set to
one: [01001011].
In order to propagate the elevator failures, as shown
in Figure 2(b), TSV status notification signals are
connected to the most adjacent routers of the same
elevator’s row and column allowing to share the
status of the elevator. After detecting a TSV fault,
each elevator transmits a signal to its closest
neighbor router indicating that it cannot work as an
elevator anymore. For example, let us assume that
elevator E6 is faulty, as shown in Figure 2(b). In this
case, the elevator E6 will send its signal statuses to
routers 2, 5, 7, and 10 indicating that it is an elevator
and has a fault.
Proposed Routing Algorithm
RuNS needs a total of eight virtual channels, which
are distributed along X(X0+; X0−; X1+), Y(Y 0+; Y
0−; Y 1+), and Z(Z0−; Z0+). These channels are
partitioned into three virtual networks, and each
virtual network has an acyclic configuration to avoid
deadlock. The virtual networks VN0 and VN2 use
both the same positive direction distributed as
follows: VN0 uses the X0+ and Y0+; VN2 uses X1+
and Y1+. The second virtual network (VN1) includes
the remaining directions, i.e. the negative direction
(X0−; Y0−) as well as the Up/Down direction (Z0+;
Z0−). In addition to virtual network definitions, the
packets must traverse virtual networks only in
increasing order (VN0 à VN1 à VN2). Taking the
Figure 3 as example, the proposed routing algorithm
based on the virtual network definition is described
as follows: When the source and destination are in
the same layer, or the packet has reached its
destination layer, the routing algorithm uses the
negative direction first (VN1), if the destination is
located at South, West, or Southwest of the source.
Then, the packets are routed using the positive
direction (VN2), if the destination is located at North,
East, or Northeast of the source. When the source
and destination are not in the same layer, the routing
algorithm routes the packet using the 8-bits of
Elevator location and the TSV status notification to
search for a healthy elevator in the positive direction
(VN0). If no elevator is found using the positive

direction (VN0), the routing algorithm uses the
negative direction (VN1) to search for a healthy
elevator. It is worth mentioning that the packets
should take VN1 to elevate to its destination layer.

Figure 3: Example of routing algorithm
with and without TSVs faulty

Simulation Results
Figure 4 shows the reliability comparison for the
Elevator-First, CoBRA, and RuNS under the effect
of double and triple faults. We can observe that for
double faults the reliability of CoBRA is almost the
same of RuNS. However, packets were lost in the
CoBRA when failures occurred in the two EAST
most elevators (E3 and E15 of the Figure 2(a)). It
has occurred because some packets are dropped in
the reconfiguration phase until the network backs to
its stable condition. The analysis of triple faults
occurring in the E3, E8, and E15, shows that RuNS
performs better than CoBRA since RuNS can send
all its packets to the healthy elevator E6, while
CoBRA needs at least one elevator at East or West
to avoid drop packets. The Elevator-First presents
the worst scenario for double and triple faults
because it cannot adapt itself to faults at runtime.

Figure 4: Reliability under double and triple faults for 4 TSVs

2. References
[1] A. Coelho,
A. Charif,
N.E. Zergainoh,
R. Velazco,
"A Runtime Fault-Tolerant Routing Scheme for Partially
Connected
3D
Networks-on-Chip,"
2018
IEEE
International Symposium on Defect and Fault Tolerance in
VLSI and Nanotechnology Systems (DFT), Chicago, IL,
2018, pp. 1-6
[2] A. Charif, A. Coelho, M. Ebrahimi, N. Bagherzadeh,
N.E. Zergainoh, “First-Last: A Cost-Effective Adaptive
Routing Solution for TSV-Based Three-Dimensional
Networks-on-Chip,” IEEE Transactions on Computers, pp.
1–1, 2018

RIS team - 67

RMS team (Reliable Mixed-signal Circuits and Systems)
Themes
Mixed-signal/RF integrated devices
Test and control techniques
Design-for-test
Diagnosis
Embedded control
Behavioral and statistical modeling methods
Design of mmW integrated circuits
CAD tools for test and control

Expertise
Scientific
Test and diagnosis for mixed-signal/RF integrated devices, design-for-test, behavioral and statistical
modeling, embedded control
Fields of expertise
Microelectronics, statistical modelling, control.
Know-how
Test metrics estimation, machine-learning-based test, non-intrusive test and control, diagnosis, mixedsignal/RF design-for-test
Industrial transfer
Techniques of integrated test for analog-to-digital signal converters, CAD software for test, embedded
sensors diagnostic technique

Research keywords
Design-for-test, built-in self-test, design-for-manufacturing, calibration, density estimation, machine-learning,
embedded control, mm-Wave RF-IC

Contact
Emmanuel SIMEU
UGA Associate Professor
(+33) 4 76 57 47 20
Emmanuel.Simeu@univ-grenoble-alpes.fr

RMS team - 68

ADC BIST for dynamic test
Members: H. Malloug, M. J. Barragán, S. Mir, E. Simeu
Cooperation: STMicroelectronics
Contracts: NANO2017
1. Introduction
In this work, we present the design and the
experimental characterization of a novel sinusoidal
signal generator for analog and mixed-signal (AMS)
BIST applications. The proposed generator makes
use of a harmonic cancellation technique, presented
our previous works [1] and [2]. The proposed
generator architecture is mostly digital. It is based on
a circular shift-register that generates phase-shifted
digital square-waves that are subsequently
combined in a simplified current steering DAC to
produce an analog sinusoidal signal. A proof-ofconcept prototype of the sinusoidal signal generator
has been fabricated in STMicroelectronics 28nm
FDSOI technology and characterized in the
laboratory to validate the functionality and the
performances of our proposal.
2. Sinusoidal signal generator architecture
Figure 1 shows a conceptual block diagram of the
proposed sinusoidal signal generator architecture.
The proposed signal generator features a circular
shift-register composed of 12 flip-flops that provides
a set of five time-delayed digital square-waves. At
the beginning of the operation, a square-wave signal
is loaded into the shift-register by setting six
consecutive flip-flops at logic zero and the following
six flip-flops at logic one. In this configuration, at the
output of each flip-flop, a 50 % duty-cycle square!
wave is provided at frequency "#$ and the relative
%&
phase-shift between five consecutive outputs of the
circular shift-register will be equal by construction to
(
(
(
(
− , − , 0, , and , respectively. We set as design
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*
)
target a clock for the shift-register at fclk =2GHz, so
the frequency of the generated square-waves will be
!
𝑓,- = "#$ =166.67MHz.
%&

The five generated digital square-wave signals are
fed to double-ended buffers that output two
complementary square-waves without modifying the
relative phase-shift and duty cycles. These
complementary digital square-waves drive five fullydifferential PMOS current-steering branches, whose
reference currents have been properly weighted to
./
.0
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According to the guidelines in [1], the digital circuitry
has been sized to guarantee a timing accuracy
better than 2ps in terms of phase-shift and dutycycle deviations, across the operation corners. This
timing accuracy assures a correct harmonic
cancellation at the target generated frequency
!
𝑓,345 = "#$=166.67MHz. On the other hand, the
%&
analysis in [1] also shows that the mismatch
between the weighted current-steering branches
should be below 1 % for a correct harmonic
cancelation. Matching the PMOS current-steering
branches to this level of accuracy would require a
significant area and/or power overhead. Instead, for
this proof-of-concept prototype, we resort to an
external calibration strategy for adjusting the current
ratios to the required harmonic cancellation weights.
Moreover, this calibration strategy is simple enough
to be implemented on-chip in a future demonstrator.
The current provided by the i-th current-steering
branch is controlled via its bias voltage Vbiasi
(i=1,..,5). In this proof-of-concept generator, each
Vbiasi is generated by external DC sources based
on an iterative calibration process that relies on
external DC measurements. The calibration
technique starts by setting the initial bias voltages
Vbiasi to their nominal values obtained by electrical
simulation. Then we program the flip-flops in the
digital shift-register to activate the current-steering
branches sequentially and one at a time. By
monitoring the resulting DC output voltages and
adjusting Vbiasi appropriately, it is possible to
recover the target current ratios required by the
harmonic calibration algorithm.
Finally, the differential output currents provided by
the five current-steering branches are summed in a
simple second-order passive low-pass filter to
remove higher-order harmonic components that are
not affected by the harmonic cancellation.

Figure 1: Conceptual block diagram
of the proposed sinusoidal signal generator

the required ratios

sources
and
avoid
current
peaks,
the
complementary square-waves are fed to a nonoverlapping buffer that ensures that the
complementary signals cross near to the low digital
level.

3. Post-layout simulation results
Figure 2 shows the layout of the proof-of-concept
prototype. The layout was developed according to
the design rules of the 28nm FDSOI technology and
following
mixed-signal
conventional
layout
practices. The area of the circuit is 140µm by 80µm.

%

= . In order to
&

ensure a good switching of the PMOS currentRMS team - 69

Figure 2: Layout of the sinusoidal signal generator

Figure 3 shows the spectrum of the generated signal
obtained by post-layout simulation of the extracted
view of the design, including the effects of parasitic
capacitors and resistors. The bias voltages used to
control each current-steering branch were set to
their nominal values and the circuit was clocked at
2GHz to generate a sinusoidal signal at a frequency
equal to 166.67MHz. As it can be seen, the linearity
of the generated signal is severely limited by the
presence of low-order harmonics, with a THD of 42dB and a SFDR of 45dB.

Figure 3: Spectrum of the output sinusoidal signal without
calibration obtained by post-layout simulation

sinusoid at 166.67MHz. The performance of the
uncalibrated generator is limited by the 3rd- and the
5th-order harmonic components while even order
harmonics are below the noise floor of the spectrum
analyzer. The THD and SFDR of the uncalibrated
generated signal at 166.67MHz are -38.9dB and
41.5 dB, respectively. On the other hand, after the
calibration procedure, the obtained spectrum shows
an improvement and all odd harmonic components
are significantly attenuated. The calibrated signal at
166.67MHz has a THD of -46dB and a SFDR of
52dB, which represents an improvement of 10dB
with respect to the uncalibrated generator. The
linearity of the calibrated generator is limited by the
even-order harmonic components, mainly the 4thand the 6th-order harmonics that cannot be
calibrated with the proposed strategy.

a) Uncalibrated generator

The calibration procedure was simulated in order to
adjust the set of Vbiasi voltages for the currentsteering branches. The spectrum of the output
sinusoidal signal provided by the calibrated
generator is depicted in Fig.4. The spectrum clearly
shows that calibration significantly improved the
effectiveness of the harmonic cancellation: all oddorder harmonic components are below -70dBc. In
terms of linearity, the performance of the calibrated
generator is improved, resulting in a THD=-58dB
and a SFDR=60dB, which, compared to the
uncalibrated generator, represent improvements of
16dB in THD and 15dB in SFDR. The linearity of the
outputs is still limited by the second-order harmonic
component that comes from an imbalance between
the differential signal paths due to parasitic elements
and cannot be calibrated by tuning the bias currents.

Figure 4: Spectrum of the output sinusoidal signal with
calibration obtained by post-layout simulation

4. Experimental results
In order to show the feasibility of the proposed
calibrated harmonic calibration strategy, Fig.5.a and
Fig.5.b show the spectrum of the generated
sinusoidal signal as captured by the spectrum
analyzer, before and after calibration, respectively.
The clock signal was set to 2GHz for both
experiments, which provides a generated output

b) Calibrated generator

Figure 5: Spectrum of the generated signal before and after
calibration, captured from the spectrum analyzer screen

With respect to the post-layout simulation results,
the degradation of the obtained experimental results
can be explained by taking into account: a) the finite
resolution of the calibration sources (about 1mV)
and b) the unavoidable unbalances in our test setup
that break the symmetry of the differential output
signal paths. Point a) causes incomplete harmonic
cancellation of the odd-order harmonics, while point
b) generates even-order harmonics.
For the purpose of exploring the frequency behavior
of the fabricated prototype, the previous experiment
was repeated by sweeping the clock frequency from
20MHz to 4GHz, which generates sinusoidal signals
from 1.67MHz to 333MHz. Figure 6 shows the
SFDR and THD of the generated signals after
calibration, as a function of the generated output
frequency. It has to be noted that the proposed
proof-of-concept implementation has a fixed lowpass output filter with a cut-off frequency of
166.67MHz. It is then expected that the attenuation
of the high-order harmonic components will be
reduced for generated output frequencies lower
than 166MHz, while the fundamental component will
be attenuated for output frequencies above
166MHz. Results in Fig.6, even contemplating this
expected degradation, show a fairly constant
behavior across the considered frequency range,
with an average SFDR of 49dB and an average THD
of -45dB. It is also clear that the maximum linearity
performance is achieved in the frequency range
from 150MHz to 200MHz, which is coherent with the
initial design target of a 166MHz operation
frequency.
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around 50dB. Obtained results validate the
proposed harmonic cancellation strategy, while the
simplicity of the proposed circuitry may make this
approach very suitable for future AMS BIST
applications.
6. References
Figure 6: Generator linearity variation
as a function of the generated frequency

Additional insight into the distortion mechanisms
limiting the performance of the generator can be
gained by analyzing the partial THD and SFDR
computed alternatively with the even and odd
harmonic components. Thus, in Fig.7.a we show the
measured SFDR across the considered frequency
range, together with the partial SFDR due to even
components, SFDReven, and the partial SFDR due
to odd harmonic components, SFDRodd.
Equivalently, Fig.7.b shows the THD across the
considered frequency range, together with the
partial figures THDeven and THDodd. It is clear to
see that for low frequencies, below 150MHz, the
observed linearity is mainly limited by the odd
harmonic components due to incomplete harmonic
cancellation because of the limited resolution of the
DC sources. For higher output frequencies, timing
errors due to circuit imbalances and non-idealities of
the external clock lead to degradation of the 50 %
duty-cycle of the digital square-waves and may
affect also the balance between the differential
outputs, both effects leading to even-order harmonic
distortion.

[1] H. Malloug, M.J. Barragan, S. Mir, L. Bastères, H. Le Gall
(2017, May), "Design of a sinusoidal signal generator with
calibrated harmonic cancellation for mixed-signal BIST in a
28 nm FDSOI technology". In 2017 22nd IEEE European Test
Symposium (ETS) (pp. 1-6). IEEE
[2] H. Malloug, M.J. Barragan, S. Mir (2018), "Practical Harmonic
Cancellation Techniques for the On-Chip Implementation of
Sinusoidal Signal Generators for Mixed-Signal BIST
Applications". Journal of Electronic Testing, 1-17

Figure 7: Impact of odd- and even-order harmonics on the:
(a) SFDR, and (b) THD of the generated signal

5. Conclusion
In this work we have presented the design and
experimental validation of an on-chip mostly-digital
sinusoidal signal generator based on a calibrated
harmonic cancellation strategy. A proof-of-concept
prototype
has
been
fabricated
using
STMicroelectronics 28nm FDSOI technology. This
prototype has been characterized in the lab and
results show that the sinusoidal signal generated by
the calibrated generator presents a THD of -46dB
and a SFDR of 52dB at 166.67MHz, with an
improvement of 10dB compared to the uncalibrated
generator. Experimental results show that the
calibrated generator presents fairly constant
performances in an operating frequency range from
1MHz to 333MHz, with a clock frequency between
20MHz and 4GHz. The obtained average of THD is
around -45dB and the average of the SFDR is
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Reduced-code static linearity test of SAR ADCs using an embedded
incremental SD converter
Members: Renato Silveira Feitoza, Manuel J. Barragán and Salvador Mir
Project: Eureka HADES
1. Introduction
CMOS technology scaling have brought
Successive-Approximation Register Analog-toDigital Converters (SAR ADCs) back into the
spotlight of both academic and industrial efforts [1].
In that context, test time represents one of the main
contributors to the overall production cost of highresolution ADCs. A possible solution is the use of
reduced-code techniques for ADC static linearity
test. They have the potential to drastically reduce
the number of necessary measurements for a
complete static linearity characterization.
These techniques take advantage of the repetitive
operation of certain topologies of converters such
as pipelines, SARs, cyclic, etc [2]–[6]. In addition,
the use of a built-in self-test (BIST) application is
very promising for further reduction of test cost by
moving part of the external test equipment to the
device under test. We have developed a novel
reduced-code BIST technique for the static linearity
test of split-capacitor SAR ADCs based on the onchip generation and measurement of the major
carrier transitions (MCTs) of the partial DACs of the
converter. The conceptual block diagram is
illustrated in Fig. 1. This test method does not
require a test stimulus, and it is shown that the
measurements can be easily performed by
reconfiguring portions of the SAR into a lowresolution Incremental Σ∆ converter.

between a dual-slope and a Σ∆ ADC. Fig. 2 shows
a conceptual block diagram of a first-order IΣ∆
ADC. This topology is suited for measuring DC
voltages such as in digital voltmeters and
instrumentation and measurement applications.
On the other hand, oversampling Σ∆ ADCs are
more prone to gain and offset errors, and it has
been proved that the incremental Σ∆ modulation is
inherently more robust to complex non-linear
effects such as idle tone generation and dead
zones. In addition, well-known digital test solutions
for Σ∆ modulators can be adapted for assuring the
correct functionality of the added test circuitry.
Moreover, we can merge the CDAC of the SC-SAR
ADC under test with the input stage of an IΣ∆ ADC
by using the same operation principle of a
multiplying DAC (MDAC), which further reduces
the overhead and simplifies the implementation.

Figure 2: Conceptual block diagram of an Incremental Σ∆ ADC

The proposed test technique consists of the
measurement of the code widths of the MCTs of
each partial DAC of the split CDAC. Then, each
partial DAC is connected to the IΣ∆ and digitized
for further processing. Since an N-bit DAC has only
N MCTs, the total number of measurements is
greatly reduced. Also, since all the MCT code
widths are a few LSB in magnitude, it enables an
accurate measurement by using a simple lowresolution IΣ∆ ADC whose full-scale has been set
to a few LSBs of the SAR ADC.
Figure 1: Comparison between linear histogram and reducedcode linearity measurements for circuit implementation of SCSAR ADC with R = 10 bits (6 × 4):
a) DNL measurements
b) INL measurements
c) DNL estimation difference
d) INL estimation difference.

2. Practical on-chip implementation
The key element for the on-chip implementation of
the proposed technique is the embedded test
instrument that acquires and digitizes the partial
MCTs. A suitable candidate for performing this task
is the IΣ∆ ADC, which, conceptually, is a mix

3. Results
In order to validate the feasibility of the proposed
on-chip reduced-code test strategy, a SC-SAR
ADC together with an embedded IΣ∆ converter in
STMicroelectronics 65 nm CMOS technology has
been designed. The ADC under test is a 10-bit (6 ×
4) SC-SAR ADC. The unit capacitor has been
designed as a 9 fF MOM capacitor, the circuit is
biased at VDD = 1.2 V and its clock operates at f s
= 60 MHz. The digital logic for test and standard
operation has been implemented using behavioral
VerilogA models. Regarding the embedded first-
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order IΣ∆ ADC, capacitors have been sized
following the design guidelines in [3]. The
resolution of the IΣ∆ ADC has been set to R = 10
bits. The digital counter has also been modeled in
VerilogA.
To validate the performance of the proposed
reduced-code static linearity test strategy, the
mismatch Monte Carlo models in the Process
Design Kit (PDK) of the technology have been used
to generate samples of the SC-SAR ADC under
test. The obtained results for the worst case DNL
and INL estimations are shown in Fig. 3a and b,
respectively, while the estimation errors are shown
in Fig. 3c and d. As it can be observed, the test
results are very close to each other, with
differences smaller than 0.06 LSB. With respect to
the test time savings, the proposed reduced-code
static test only requires 10 measurements, while
the linear histogram test has to traverse the
complete set of codes of the ADC under test.
Neglecting post-processing time, the reduced-code
strategy offers about a 98 % test time reduction
with respect to the 128-hit-per-code histogram.
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Figure 3: Comparison between linear histogram and reducedcode linearity measurements for circuit implementation of SCSAR ADC with R = 10 bits (6 × 4):
a) DNL measurements
b) INL measurements
c) DNL estimation difference
d) INL estimation difference

4. Future work
The next steps for this work consist of the final
design of the SAR ADC together with the proposed
BIST. The ISD ADC has also to be designed since
several of its blocks were simulated using VerilogA
models for validation of the methodology. After the
layout is finished, a prototype will be fabricated and
the method experimentally verified. In addition,
since ST microelectronics provided us with a SAR
ADC IP, a study has to be developed to assess the
possibility of applying this type of reduced test
algorithm to their very particular architecture.
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Built-In Self-Test solutions for mm-wave integrated circuits
Members: F. Cilici, M. J. Barragán, S. Mir, E. Lauga, S. Bourdel
Cooperation: RFIC Lab
1. Introduction

2. Previous work

Testing RF subsystems embedded in complex
Systems-on-Chip
(SoCs)
and
Systems-inPackage (SiPs) represents a challenging task. It
can be said that RF testing inherits the difficulties
of analog testing, but adding also the problem of
handling high-frequency signals. The direct test
and diagnosis of an RF device are based on
complex functional tests that apply a highfrequency stimulus to the Device Under Test (DUT)
and observe its response to compute a
performance metric. This usually requires the use
of dedicated high-speed test equipment and the
provision of an adequate test access. However, the
increase in operation frequency and the fact that
RF blocks are currently embedded within a
complete
integrated
system,
turn
these
requirements quite difficult. Test access to internal
nodes is usually impossible, and even in the case
these nodes are reachable, there may be electrical
losses in the transport of the signals between the
chip and the external tester.

In order to better understand the context of this year’s
work, let us summarize the one realized last year. In
this line, let us consider a generic non-intrusive
machine learning indirect test scenario in which we
intend to regress a set of performances of a given
DUT from a set of signatures measured from a set of
non-intrusive process variation sensors. The problem
we addressed is, given the netlist of a particular DUT
in a given technology and a set of target
performances, how to systematize the proposal of the
set of signatures and the design of the associated
sensors. This work has been published and received
the best paper award in IEEE ETS 2018 [1]. The
method has been applied to a one-stage PA that
have been send to fabrication alongside with its nonintrusive process control monitors.

The development of RF Built-In Self-Test (BIST) is
a promising solution to overcome these issues.
BIST strategies are aimed to move some of the
tester functionality into the DUT itself, in such a way
that the circuit becomes self-testable. Signal
manipulations would remain internal, thus
eliminating transport problems. However, the RF
BIST road is not free of shortcomings either. Two
key problems that any successful RF BIST should
overcome are: (a) the high sensitivity of internal RF
nodes to any added load during test; and (b) the
internal generation of adequate RF test stimuli.
Indeed, RF signal paths are extremely sensitive to
parasitic loads. Tapping into an RF node during
BIST operation to connect an embedded test
instrument may have a huge impact on the
functionality of the DUT, masking the actual
performance of the device. In the same way, RF
front-ends, and particularly the receiver sections,
are usually tested at their operation frequency.
BIST approaches can only be successful if we can
devise strategies for simplifying (or avoid) the
internal generation of RF test stimulus, since the
cost of including RF test signal generators on-chip
together with the DUT is usually prohibitive.

This approach has also been extended to designs
that make use of custom passive components. As a
matter of fact, the first method took advantage of the
information provided in the models of the Design Kit
(DK). These data are obviously not available for
custom components, which are nevertheless widely
used in mm-wave designs. They are usually
designed using electromagnetic simulation tools, for
a typical fabrication corner. We propose to take
advantage of the designer knowledge about his
components to unveil which process parameters can
substantially affect its performances. To this end, the
designer must have all the information about
fabrication corners for the different layers of the backend of line (BEOL). This includes thickness and
dielectric constant for dielectrics, thickness and
conductivity for metal layers. With this knowledge,
best and worst cases passive components can be
simulated. By simulating the complete circuit with
these components, the BEOL variability impact on the
circuit performances can be easily spotlighted. In this
purpose, we use a metric that translates the impact of
a specific physical process parameter on a chosen
circuit performance. According to their values, the
designer choses which BEOL variations are relevant
for the custom component and the circuit.

Another promising research direction is calibration.
As a matter of fact, to mitigate yield loss, large
design margin and conservative designs are widely
used solutions. However, high performances
circuits with very demanding specifications may not
be possible.

3. Non-intrusive test work
In the line of the previously presented work, this
approach has been applied successfully to a more
complex DUT, namely a two-stage PA.

In a practical design, components from the DK and
custom ones may be used together. Thus, we
propose to combine the two methods to choose the
relevant process parameters (BEOL physical and
Monte Carlo statistical ones) to guide the design of
non-intrusive process control monitors.
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Figure 1: Transistor level schematic of the two-stage power amplifier with calibration capabilities.

4. One-shot statistical calibration work
In order to tackle process variations negative
impact, calibration strategies have been explored.
These methods take advantage of tunable
elements (called tuning knobs) inserted within the
circuit to allow post fabrication tuning. We
especially focused on one-shot statistical
calibration techniques. They propose to perform
the calibration without any iterative search of the
best tuning knob combinations, which results in a
very short calibration time. In addition, regression
models can be trained using machine learning
tools to predict the best tuning knob combination,
according to non-intrusive process variation
sensing. Thus, this method is a logical next step to
the previous works in the non-intrusive machine
learning test.
A programable decoupling cell has been designed
and used as a variable load in the two-stage PA, in
addition to gate bias voltages. Its behavior and
efficiency for calibration purpose is presented in [2].
The schematic of this PA is displayed Figure 1. On
this test case, the overall yield has been improved
from 59 % to 83 % and PAE is increased by 0.7 %
in average thanks to the proposed one-shot
calibration. Figure 2 shows the histograms of small
signal gain, before and after calibration, for 500
simulated samples. The red lines represent the
specification limits. It is clear to see the yield
improvement and the re-centering of the
specification around the upper performance limit.
An efficient method for generating the data sets
required for training the regression models has also
been developed. One-shot calibration techniques
usually rely on design of experiments (DOE)
methods to assert the device under calibration
performances across a wide range of process
variations and tuning knob values. In a simulation
environment, this means sweeping an important
number of knob combinations for each Monte Carlo
iteration. To avoid this lengthy phase, we propose
to randomly sample both the process variations
and the tuning knob values. As a result, the
required number of simulations is dramatically
reduced.

Figure 2: Histogram of the small signal gain of the PA before
and after calibration

5. Future work
The measurements of the one-stage PA have been
performed and are currently under study to build
regression functions that map non-intrusive
sensors to its performances. The two-stage PA has
been fabricated and measurements will be
performed soon to ascertain its calibration
capabilities alongside with non-intrusive test
abilities. Two journal articles are being written as
well as a conference one. The thesis outline has
been validated and its writing should begin soon, in
parallel of the two-stage PA measurements.
6. References
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Design of mm-wave phase shifters in BiCMOS 55-nm technology with
BIST capabilities
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1. Introduction
Beam-forming techniques appear as promising
solutions for the deployment of high-data-rate, lowpower, point-to-point communications, such as 5G.
These techniques rely on the usage of phased
arrays. A phased array provides with a beam of
energy that can be steered to point at different
directions. They consist in an antenna array whose
antennas are fed through phase shifters. The
phase shifters are used to introduce a phase shift
on the signal that is meant to be emitted in such a
way that the existing phase difference between
neighboring antennas will produce a steering of the
beam. In this context, feeding each antenna with
an accurately phase-shifted signal is a subject of
great importance in the design of high-performance
transceiver front-ends [1]. However, testing the
provided phase shift is a cumbersome issue.
Depending on the complexity of the phased array,
it can greatly increase its production costs or even
be impossible to perform its direct measurement
due to the inaccessibility of the ports of the phase
shifter.
For this reason, providing with test techniques that
allow the extraction of the phase shifter
performance is a subject of major interest in the
design of phased arrays. In this context, the usage
of a Built-In Self-Test (BIST) strategy that allows to
avoid the usage of expensive dedicated
measurement equipment, the Automated Test
Equipment (ATE), appears as a good candidate to
reduce costs and provide with measurements of
the Device Under Test (DUT). BIST strategies
pretend to move some of the functions performed
by the ATE to on-chip circuitry. The BIST must
output signals that can be read using low-cost
instruments in order to effectively reduce the
testing cost. Moreover, a successful BIST should
introduce low area overhead and have a low impact
on the DUT performance.
2. Research opportunities
approaches

and

§ The added circuitry has to provide with a low
impact on the DUT performance and low area
overhead.
§ Additional on-chip circuitry has to be designed
to output a signal that can be read with low cost
equipment.
§ The number of necessary measurements has to
be minimized. Phase difference between
neighboring DUTs has to be targeted instead of
single DUT measurement.
3. Initial stages
We have designed a mm-Wave phase shifter at
60 GHz with circuitry to enhance BIST capabilities.
The circuit has been designed in the BiCMOS 55nm technology of STMicroelectronics. The
designed phase shifter is based on a ReflectionType Phase Shifter (RTPS) architecture. An RTPS
is composed of a 3-dB coupler and two reflective
loads. In our case, the design of the 3-dB coupler
has been done using a Coupled Slow-wave
CoPlanar Waveguides topology and the reflective
loads have been designed using varactors.
Preliminary results have been sent for publication
in [3].
4. OBT for mm-wave phase shifters
As aforementioned, the aim of this thesis is to
implement additional circuitry to perform OBT on
an RTPS. An RTPS can be represented, at a
particular frequency, as an RLC parallel network,
as depicted in Fig. 1. In this figure, Leq represents
the inductive behavior of the RTPS, Ceq its
capacitive behavior, which can vary thanks to the
varactors and Rp that represents the ohmic losses
in the circuit.
Leq
Ceq

≈

Output
Rp

proposed

This thesis aims at using Oscillation-Based-Test
(OBT) as the method to measure the provided
phase shift. When performing OBT, the DUT is
turned into an oscillator using additional circuitry.
The features of the provided oscillations (e.g.
frequency and amplitude) are then correlated with
the actual performance of the device [2]. In our
context, the usage of this technique is not free of
shortcomings:

Input

Figure 1: Reflection-type phase shifter equivalent circuit as a
lossy LC-tank

This representation allows us to use the phase
shifter as an LC tank. It is well known that this kind
of structures can sustain oscillations at certain
frequencies if the losses presented by Rp are
compensated. For this purpose, we added a nMOS
cross-coupled pair, which performs as a negative
resistor, as shown in Fig. 2. However, in order to
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In other words, the system can oscillate when the
losses in the tank’s resistor are compensated by
the cross-coupled pair and the tank shows a phase
shift of π radians.

160

Phase shift at 60 GHz (º)

achieve an oscillatory state, Barkhausen criteria
has to be considered. Barkhausen criteria states
that:
§ The loop gain is equal to unity in absolute
magnitude, i.e. 𝑔" · 𝑍(𝑗𝜔( )* = 1
§ The phase shift around the loop is zero or
integer multiple of 2𝜋, i.e. ∠𝑔" · 𝑍 𝑗𝜔( =
2𝜋𝑛, 𝑛 = 0, 1, 2, …
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In addition, two other RTPS, with central
frequencies of 120 GHz and 240 GHz, respectively,
have been sent into fabrication. Together with
these circuits, mm-wave switches, transmission
lines, couplers and stand-alone devices, such as
resistors, varactors and transistors, have been
designed. These elements might be useful in future
stages of the research in this topic.
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Figure 3 Phase shift introduced by the RTPS at 60 GHz as a
function of both the oscillation frequency and amplitude in the
test mode
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Figure 2 Reconfiguration of the RTPS as an oscillator

5. Practical implementation
A 60-GHz phase shifter with the presented OBT
circuitry has been sent into fabrication using the 55nm BiCMOS technology of STMicroelectronics.
This kind of circuit has two operation modes: the
normal mode and the OBT mode. In the normal
mode, the circuit behaves as a phase shifter, while
in the OBT mode, the circuit oscillates. These
oscillations can be measured and used to predict
the phase shift at 60 GHz. Fig. 3 illustrates the
obtained amplitude and oscillation frequency of the
system in OBT mode versus the provided phase
shift at 60 GHz, in normal operation mode.

[3] M. Margalef-Rovira, M.J. Barragan, E. Sharma, P. Ferrari,
E. Pistono, S. Bourdel, "An Oscillation-Based Test
technique for on-chip testing of mm-wave phase shifters",
Accepted for publication in IEEE VLSI Test Symposium
(VTS), 2018

6. Future work
Measurements and characterization of this device
are expected to be done shortly. The technique
could be extended to complete phase arrays in
order to indirectly measure the existing phase shift
between two outputs of two neighboring phase
shifters.
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Emerging Technology for RF and Millimeter-wave Circuits based on
Carbon Nanotubes
Members: P. L. Doan, F. Podevin, P. Ferrari, and E. Pistono
Cooperations: XLIM, CINTRA and III-V Lab
Contracts: TRICOT (ANR)
1. Introduction
This thesis is one part of a large ANR project called
TRICOT, which has purpose on developing a new
3D integration technology dedicated to future
wireless applications in mm-wave interconnects,
circuits, nanopackaging and ultra-high-speed
communications. A technology using carbon
nanotubes (CNTs) is proposed to design
functionalized interposer, which can operate up to
100 GHz, at least in a first step. This smart
interposer will not only serve as a classical passive
substrate for top to bottom connections, but also as
a new artificial functionalized substrate, that can
horizontally guide the EM waves with embedded
and shielded critical passive circuits formed by
empty waveguides or waveguides loaded by CNTs
patterns. Such artificial substrate is based on CNT
growth technology and Slow-Wave Substrate
Integrated Waveguide (SW-SIW) concept.
For demonstrating the proof of concept of this new
type of functionalized CNTs based interposer, we
plan to design, fabricate, and characterize a 3D
integrated E-band phased array using a Butler
matrix embedded inside the interposer and
addressing back-hauling for 5G mm-waves. A 2D
Butler matrix will be considered to achieve the
system-level demonstrator, an example of this
concept is shown in figure 1.

§ Step1: SIW with CNTs lateral walls
§ Step2: CNTs based SW-SIW
§ Step3: Design of the Butler matrix elementary
circuit blocks
§ Step4: Assembly of the Butler matrix based on
the elementary circuits blocks
§ Step5: 3D integrated phased array in
functionalized CNT-based interposer with
Butler matrix slot coupled to a patch antenna
array
In this work, TIMA will be in charge of studying,
designing and fabricating the Butler matrix
elementary circuits’ blocks by using the CNTs
based SW-SIW. Meanwhile, XLIM and CINTRA,
two project partners, will take responsibility for CNT
technology as well as the predictive electrical
model of CNTs based SIW and SW-SIW, which
can be simulated by 3D EM tools (ANSYS HFSS).
2. State of the art
2.1. Interposers
Interposer is an electrical interface that can be able
to integrate various chips from various
technologies on a very performing substrate that
can eventually be multilayered and/or processed
on both sides. The original idea was released by
IBM Corporation that aimed at saving the
computing time for data servers with particularly
electrically performing connecting paths between
processor chips [1]. From data server at the very
beginning, applications turned now to mobility,
which means integration density, low power and
wireless. Three main technologies of interposer are
competing at mm-waves: silicon, glass and
organic. Meanwhile, the fourth technology: ceramic
is predicted having a very specific application.
2.2. SIW and SW-SIW technologies

Figure 1: Sketched view illustrating the principle
of the smart interposer

Five progressive steps with design, fabrication and
characterization works will be considered to
achieve the system-level demonstrator:

The SIW technology was invented at the early
2000s for mm-wave applications where a strong
confinement of the wave is necessary, as well as
high quality factors leading to the realization of low
insertion loss devices. The concept is based on the
realization of a waveguide embedded in a
substrate by using a standard PCB technology,
thus leading to low-cost waveguides. This is
achieved by using doubled-face metallized
substrates, and vias arranged in two parallel lines
to define the lateral walls of the waveguide. After
the first works presented in [2], the SIW technology
has been extensively studied and developed to
design many passive circuits at low cost and high
quality factor at mm-waves. More recently, the
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group in Grenoble has proposed a new concept of
SIW: a slow-wave SIW, where several rows of
metallized blind via holes are considered. This
concept allows to reduce by 40 % the transversal
dimension and the phase velocity as compared to
a classical SIW designed for the same cutoff
frequency, leading to a significant surface
reduction and much more compact devices [3].
2.3. CNTs for RF applications
The physics and properties of CNTs have been
studied for nearly three decades, and many
possible applications for these nanomaterials have
already been widely explored (as varied as the field
effect transistor based on CNTs, or composite
polymers, or conductive inks). As for the CINTRA
and XLIM teams, they have been working on the
use of CNTs for high-frequency applications and in
particular for the nanopackaging: flip-chip bonding,
circuits isolation and wireless interconnects. They
demonstrated that the use of CNTs is an alternative
approach for innovative solutions dedicated to 3D
heterogeneous integration. Therefore, in this
project, we will consider CNTs for the realization of
SIW and SW-SIW and this new concept will be
implemented on the basis of the expertise of
CINTRA in the growth of CNTs where the CNTs will
be modelled with the equivalent model that can be
simulated with 3D EM tools.
3. Preliminary works and results
3.1. CNT based SIW
To obtain CNT based SIW, the lateral metallic walls
of rectangular waveguides can be replaced by
CNTs walls. First simulations were carried out by
focusing on the density of the nanotubes and on
the thickness of the walls. Two extreme densities
of CNTs that can be obtained experimentally were
considered, 10## tubes/m, and 10#- tubes/m, .
After making simulation by using HFSS software,
the results are shown in figure 2 (from Xlim).

located only in the volume limited by h, , whereas
the magnetic field flows throughout the whole
volume. Simulation results are shown in figure 4.
They present the evolution of the transmission
parameter S,# , where the reduction of the cut-off
frequency can be observed with the increase of
ratio h# /(h# + h, ). It is clear that the SW-SIW cutoff frequency and phase velocity showed great
reduction as compared to the conventional SIW.
Electrical
field

ℎ,
ℎ#

CNTs
forest

Figure 3: CNTs based SW-SIW concept

Figure 4: Simulation results of CNTs SW-SIW ( cut-off
frequency shift versus ℎ# /(ℎ# + ℎ, )

A method was proposed by Matthieu Bertrand to
reduce the simulation time of periodic structures
such as CNT based SW-SIW devices. It is based
on the use of a unit cell that can be simulated by
the eigen-mode solver in HFSS, instead of using
the whole structure [4].

Figure 5: CNTs based SW-SIW unit cell

4. References
[1] W. Howell, T. Ference, V. Rao, D. Scheid, J. Budnaitis,
R. Streif, "Area array interconnection with Cu-PI thin films
on a multi-layer glass-ceramic substrate", Electronic
Components and Technology Conference, 1993
[2] D. Deslandes, K. Wu, "Accurate modelling, wave
mechanisms, and design considerations of a substrate
integrated waveguide", IEEE Transactions on Microwave
Theory and Techniques, 2006

Figure 2: Transmission coefficient versus frequency

It is obvious that when using a high density of CNTs
(10#- tubes/m, ), the transmission is the same as
with a perfect conductor, even for a small wall
thickness. It should be therefore possible to use
CNT instead of metallic wall for the realization of
waveguides.

[3] A. Niembro-Martín, V. Nasserddine, E. Pistono, H. Issa,
A.L. Franc, T.P. Vuong, P. Ferrari, "Slow-Wave Substrate
Integrated Waveguide", IEEE Transactions on Microwave
Theory and Techniques, 2014
[4] M. Bertrand, "Guides à ondes lentes intégrés dans le
substrat pour les applications en bandes RF et
millimétriques", 2017

3.2. CNT based SW-SIW
The concept of CNT based SW-SIW is described
in figure 3, where the SIW is partially filled by a
CNT’s forest of height h# . The electrical field is
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Analog Serial Link
Members : Mohammed Tmimi, Philippe Galy, Stefano D’Amico, Philippe Ferrari
Cooperation: STMicroelectronics Crolles
works, the modulation schemes were controlled
using external components.

1. Introduction
The global internet Zettabyte traffic era and the
need for higher computing performance always ask
for higher data rates. Where the annual global IP
traffic is projected to reach 3.3 zettabytes per year
by 2021.To reach these goals, improvements have
to be made to the existing serial links solutions,
higher data rates need to be reached while taking
into account the energy efficiency and the circuit
complexity. Note that energy efficiency will
probably become the main challenge in the next
future. However, with the increasing data rates,
signal integrity problems arise due to the losses in
the channel, from the discontinuities caused by the
different system components including impedance
mismatches, cables and connectors transitions,
DC power connections and vias. Furthermore,
these losses make the channel vulnerable to
higher losses in certain frequencies that might
depend on the process. In that context the
conventional serial links employ combinations of
different
equalization
techniques
including
feedforward equalization (FFE), continuous-time
linear equalization (CTLE) and decision feedback
equalization (DFE) to compensate the channel
impairments such as crosstalk or Inter-symbol
interferences (ISI). To achieve more and more
bandwidth and data processing capability, these
equalization
techniques
complexity
and
sophistication skyrocketed in the last decades.
Their implementation was possible and feasible
because of the scaling of digital filters, they
reduced both the surface area and power
consumption as compared to previous technology
nodes. However, the energy efficiency stopped
scaling for the last technology nodes since the
supply voltage has reached a limit.

This thesis objective is to implement a full adaptive
serial link that senses the channel state information
(CSI) then decides which modulation schemes and
transmission bandwidths to use, in order to
maximize the data rate, minimize the power
consumption and the silicon surface.
Furthermore, a reconfigurable Digital to Analog
converter was designed in STMicroelectronics
28 nm FD-SOI technology, which is considered one
of the key components in this architecture based
on reconfigurable D/A and A/D converters [patent
ref ], and it is also a good design exercise for the
initial thesis work. The design should be finished by
February 2018.
3. Research opportunities
approaches

and

proposed

Firstly, the used figure of merit (FoM) for
conventional systems, which is energy efficiency
per bit, does not take into consideration the
modulation schemes and notches, thus an
appropriate FoM will be investigated. Furthermore,
a comparison of the existing solutions will be
studied, since no such comparison or way of
comparison exist to the best of our knowledge, the
techniques will be compared for the same channel
losses… using Matlab models. Beside the results,
the advantages and disadvantages of each method
will also be inspected.
Secondly, taking into consideration the possible
trade-offs, the design of a robust and feasible
adaptive system on ST 28nm FDSOI technology
will be carried out.

An alternative approach will be investigated in this
thesis. Communications techniques such as
modulation and multi-tone signaling to allocate
modulated carrier frequencies in the available
bandwidths will be explored, while taking into
consideration the channel state information and
adapting the modulation schemes and frequencies
to achieve the best performance from an energy
and data rate point of view, with a probable tradeoff.
2. Initial stages
A
state-of-the-art
study
on
wireline
communications and mainly multi-tone signaling
techniques is underway. Recently, researchers
have been working on similar approaches, i.e
replace equalization techniques with different
modulation schemes as shown in Fig1. In these
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Fig.1: Hybrid serial link using NRZ/QPSK modulation

Performance monitoring and errors reconciliation in image decoders
Keywords: Defective pixel detection, neighborhood analysis, image sensor, self-healing, online test.
Members: G. Takam Tchendjou, E. Simeu, F. Lebowsky
Cooperation: STMicroelectronics
Contracts: Nano2017 A3
1. Introduction
Digital cameras are more and more widespread in
many domains of everyday life. For an operating
camera, the defective pixel rate changes with aging
of the image sensor, and continuously affects the
quality of the produced image. As result, the
defective pixel rate is an important factor for image
sensor quality, and for aging monitoring of a digital
camera. A defective pixel is a pixel whose value
differs significantly from that which is expected.
Defective pixel detection (DPD) is a test process,
which consists of detecting pixel defaults on an
image or an image sensor. These defaults are
caused by fabrication imperfections, but can
appear due to sensor aging; electrical, optical or
environment alterations. This work proposes realtime and online defective pixel detection and
concealment method with simple arithmetic
operations on neighborhood of the to-be-tested
pixel. The proposed algorithms are based on the
similarities between pixels of the same
environment, and on the principle that, in natural
images, degradation or color changing are gradual.
2. Proposed
methods

detection

and

concealment

A. Defective pixel detection based on Distance
In these algorithms, to-be-tested pixel P0 and its
adjacent pixels form a 3x3 pixels block like in Fig.1.

Figure 1: Pixel block.

The first algorithm proposed taking into account the
distance between the to-be-tested pixel P0 and its
neighbor pixels, this method were called DPD-D
[1]. Thus, estimated value of to-be-tested pixel is
evaluated by weighted average of its eight
neighboring pixels, like presented in (1).

𝑒𝑠𝑡 =

' &' /)'
' */)'

(1)

Having computed difference value, the next step
consists on comparison of this value with the
weighted average (avg) including the to-be-tested
pixel with a large weight, represents by (2).

𝑎𝑣𝑔 =

' &' ./×&1

*2

(2)

Average value is used to evaluate the threshold of
difference value. If dif is superior to avg or (255 –
avg), the to-be-tested pixel is declared as defective
pixel.
B. Defective pixel detection based on range
The second proposed defective pixel detection
method is based on the range, median, standard
deviation, and other dispersion parameters of the
pixels in the same environment; this method were
called DPD-R [2]. This defective pixel detection
method is divided in four main steps:
1) Divide the to-be-tested image in N x N pixel
blocks, and find the block with the hypothetical
defective pixel values using the range,
interquartile range or standard deviation, and
other statistical dispersion parameters of the
pixel blocks.
2) For each block that contains hypothetical
defective pixels, analyze the extremity values of
the block (maximal and minimal values)
compared to the other pixels in the block:
evaluate if these values are the outliers in this
pixel block.
3) If one pixel is detected as an outlier in the block,
construct a new pixel block around this
hypothetical defective pixel, and analyze its
value in according to its neighborhood to
determine if it is a detective pixel, or it is a
border, which contaminate the range of the first
pixel block.
4) If an extremity pixel value is detected as
defective, delete this value in the block and
return to second step with the new extremity,
which is the next largest or smallest value in the
block.

Where di is the distance between the to-be-tested
pixel and its neighbor pixel Pi evaluate like
Euclidian distance between the 2 points.
This estimated value (est) of the to-be-tested pixel
is used to evaluate the difference value (dif), which
is the difference between estimated value and real
value of the to-be-tested pixel (P0). A large value of
this difference increases the probability of to-betested pixel to be a defective pixel.
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C. Defective pixel
median filters

concealment

based

on

The proposed concealment method is based on a
median filter, and consists of substituting the
defective value by the median value of the N x N
pixel block around the defective pixel. In practice N
= 3, then the defective pixel value is replaced by
the fifth value in the sorted vector of the pixel block.
This concealment process based on median
simplifies the computational complexity using the
just one operation, which is the selection of a
median value in the previous sorted vector, and it
produces a better-corrected value than the
average value.
3. Experimental results
24 reference images in 384 × 512 resolution size,
with various characteristics have been selected to
construct the distorted images used to evaluate the
different defective pixel detection and correction
algorithms. These reference images are available
in TID2013 image database. Six main defect types
have been tested in this work, these defect types
are based on the failure mechanism and the
diagnostic process in the image sensors [1]. Then,
144 distorted images have been produced (24
reference images x 06 distortion types).

Figure 2: Phi coefficient.

B. Defective pixel concealment results
The detection and concealment methods have
been used to correct the 144 distorted images. The
correction results are presented by the peak signal
to noise ratio (PSNR) between the reference image
of the distorted image and the image corrected by
the defective pixel detection and concealment
method.
The Fig.3 presents the average of PSNR, for the
144 distorted images grouped by defect types, for
different defective pixel detection and concealment
methods.

A. Phi-coefficient
Phi-coefficient (𝜑) is a metric of association for two
binary variables. This metric is similar to the
Pearson's
correlation
coefficient
in
its
interpretation. It was designed to deal with the
comparison of two dichotomous distributions. The
range is from -1 to 1, where 0 is no-relationship; 1
is a perfect positive relationship; -1 is a perfect
negative relationship. The phi-coefficient can be
computationally defined as in (3), like the square
root of the ratio of chi-square to the sample size.
𝜒; =

𝜑²
𝑁

(3)

Where N represents the size of the tested image,
and 𝜒² represents the chi-square which is given by
the (4); and 𝐴 = 𝑇𝑃 + 𝐹𝑃; 𝐵 = 𝐹𝑁 + 𝑇𝑁; 𝐶 =
𝑇𝑃 + 𝐹𝑁; 𝐷 = 𝐹𝑃 + 𝑇𝑁.
𝜒; =

(𝑇𝑁×𝑇𝑃 − 𝐹𝑃×𝐹𝑁)²×𝑁
𝐴×𝐵×𝐶×𝐷

(4)

The Fig.2 shows the average value of phicoefficient for the 144 test images grouped by
defect types, for the proposed defective pixel
detection methods, and for two methods in
literature: Chan's, Cho et al.

Figure 3: PSNR for different correction methods.

4. Conclusions
The goal of the paper was to present real-time and
on-line defective pixel detection and concealment
algorithms, using basic arithmetic operations on
neighbor pixels of the to-be-tested pixel. The
detection algorithm is based on the range and the
dispersion in the pixel blocks in the image. These
proposed methods have been compared to some
state-o-the-art detection methods in terms of phicoefficient and PSNR for correction. Simulation
results demonstrated that our proposed methods
perform the best results.
5. References
[1] G. Takam Tchendjou, E. Simeu, “Self-healing imager based
on detection and conciliation of defective pixels", in
IOLTS’18. IEEE, 2018, pp. 251–254
[2] G. Takam Tchendjou, E. Simeu, “Defective pixel analysis for
Image sensor online diagnostic and self-healing”, accepted,
th
in 37 IEEE VLSI Test Symposium (VTS’19)
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Lifetime and energy management in wireless sensor networks
Keywords: Wireless Sensor Networks, Energy consumption, cover set, target coverage, approximation
algorithms
Members: D. Tchuani Tchakonte, E. Simeu, M. Tchuente
Cooperation: LIRIMA, Equipe IDASCO, Fac. Sciences, Yaoundé Cameroun
1. Introduction
The energy constraint is a major issue in Wireless
Sensor Networks (WSNs) since battery cells that
supply sensor nodes have a limited amount of
energy and are neither replaceable nor
rechargeable in most cases. A common assumption
is that the energy consumed by sensors in sleep
mode is negligible. With this hypothesis, the usual
approach is to iteratively consider subsets of nodes
that cover all the targets. These subsets, also called
cover sets, are then put in the active mode whereas
the others are in the low-power or sleep mode. The
scheduling of the appropriate cover sets in order to
maximize the network lifetime is a challenging
problem known to be NP-hard. Lifetime optimization
of autonomous cooperating systems requires
parsimonious energy management. This implies an
accurate assessment of the consumption in the
system components, including energy expenditure
in sensor/actuator nodes as well as in the RF
transceivers
embedded
for
wireless
communication. These precision requirements
involve taking into account the consumption of the
network sensor nodes not only in the active phases
but also in the sleeping and standby phases, for
which the energy consumption is not always
negligible. The consideration of non-zero energy
consumption of sensor nodes in sleep mode is more
realistic but significantly increases the complexity of
the problem. We propose a greedy algorithm that
gives priority to sensors with lowest energy, and
uses a blacklist to limit the number of sensors
covering critical targets. This work has been
published in the journal Wireless Networks [5].
We also develop a WSN-based system to monitor
air quality and detect fire. This system permits to
remotely visualize the quantity of carbon monoxide
(CO), LPG gas and smoke in the air as well as the
temperature level of the monitored region.
2. The greedy algorithm
Let r be the ratio between the energy in sleep mode
P# and the energy in active mode P$ , then r = P# P$
and r ∈ 0,1 . Let t be a target covered by p
sensors s. , s/ , … , s12/ with respective energies
E. , E/ , … , E12/ . We have shown that the coverage
time D5 of the target t is maximal when the p sensors
are activated according to the ascending order of
their energies.
Considering this result, we propose a new algorithm
based on two main ideas. The first idea is to limit in
every cover set, the number of sensors that cover

the critical targets by defining a. blacklist. The
blacklist contains all the sensors not yet selected
and that cover a critical target already covered by
the cover set under construction. A sensor is
selected from the blacklist only when none of the
sensors out of the blacklist covers the remaining
targets. The second idea is to give priority to
sensors with minimal energy since the coverage
time of a target is maximal when the sensors
covering that target are activated in the ascending
order of their initial energies. We conducted a set of
simulations to estimate the performance of this
algorithm and compared it to existing algorithms of
the literature. These algorithms include GreedyMSC [1], Static-CCF [2], Dynamic CCF [2], Adaptive
algorithm [3], and MCS-based algorithm generating
minimum size cover sets by using the classical
greedy algorithm [4]. The metric used to measure
the performance of each algorithm is the ratio
between the network lifetime given by the algorithm
and the upper bound of the network lifetime that is
the maximal coverage time of the critical targets.
Each algorithm tries to get a ratio close or equals to
1. Simulation results (Figure 1 and Figure 2) show
that the greedy algorithm performs very well
whether the energy consumed in sleep mode is
negligible or not and no matter the dispersion of the
sensors’ energies, contrary to existing algorithms
[5].
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Figure 1: Performance of different algorithms when r=0.1 and
sensors’ energies follow a Gaussian law of standard deviation 500
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Figure 2: Performance of the new algorithm for different values or r
when sensors’ energies follow a Gaussian law of standard
deviation 500

RMS team - 83

3. A WSN-based air quality and fire detection
system
We develop a system based on WSN in order to
monitor air quality and detect fire. The architecture
of this system is shown on the Figure 3.
Node

Node

Node

Node

Gateway

LoRa

Server
Inte
rnet

WiFi/LAN

Figure 5: Visualization interface of the system

Database
/application
Web
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Figure 3: Architecture of the system

A sensor node is made of the components shown
on the Figure 4 and the gateway is based on
Raspberry Pi 3.
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Figure 4: Components of a sensor node

The sensor nodes periodically collect data about
temperature, smoke, GPL gas and CO. They send
the collected data to the gateway through a LoRa
communication module. Then, the gateway sends it
to the server through Internet (Wifi or LAN). The
server stores the received data in a database and
offers an interface to visualize data in the form of
charts as presented on Figure 5. The application
can be configured in order to alert users in case a
measure exceeds the predefined threshold. Alerts
are sent through emails and SMS.
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1. Introduction
The widespread automation of production and
information processing systems has been a decisive
factor in the social and industrial development in
developed countries. This has required equipment
and advanced technologies in which the PLCs take
pride of place. Such a generalization of automation is
not identically reproducible in most developing
countries because of the prohibitive cost of the
required equipment. Nowadays, there is a wide
variety of very cheap programmable circuits, which
could functionally replace conventional PLCs in low
cost automation applications. Unfortunately, these
programmable devices are not often used in
automation applications because they do not enjoy
the benefits of a standardized specification and
programming environment such as IEC 61131 [3]
that have been developed to standardize the
specification and the programming of PLCs in
automation applications.

associated actions that permits to take into account
necessary inputs and generate corresponding
outputs.
Therefore, we have carried out a novel software tool
that can automatically convert any Grafcet
specification sharp to bin-stream module and deploy
it on economic microcontrollers, especially those of
the Microship dsPIC, and Arduino family [4]. The tool
takes in entry the system functional requirements
given in a Grafcet form. This solution is based on a
Grafcet matrix model permitting to represent any
Grafcet model structurally and dynamically.
The codes generated are running according to the
adapted PLC scan cycle described on Figure 1.

2. PLC synthesis using low cost devices
In the IEC 61131-3 standard, there are five IEC
standard programming languages [3] allow engineer
to specify the operation of discrete event systems.
However, they do not allow a direct realization on
different control target devices like microcontrollers
or FPGA. The objective here is to build an
appropriate software tool that takes in input any PLC
control program and treats it by successive
refinements to produce an implementation on
different types of targeted programmable devices.
Several research studies have been occurred in
order to find appropriate techniques which allow
synthesizing any PLC control specification code and
converting it to other executable programs (such as
C, Fortran, VHDL) adapted with different hardware
architectures [2], with a particular focus on the
Grafcet model.
The Grafcet, one of the five IEC standard
programming languages of IEC 61131-3, is a graphic
language for modeling automated systems. It is the
most international formalism used for high-level
description of complex sequential systems [2]. This
language is widely used in several domains such as
home automation, automotive, power generation,
manufacturing, environment, etc. It allows the
specification of the expected behavior of a logic
control system which is connected to a physical
system with which it interacts, receiving logic signals
that describe the physical environment and sending
in response other signals in form of orders to serve
as actions on that environment [2].
A grafcet model describes states of a system and

Figure 1: Adapted PLC scan cycle

A grafcet (program written in Grafcet language) is a
graph that consists of two types of nodes: steps and
transitions. A step is represented by a square, while
a transition is represented by a horizontal line. The
initial steps have a double square. Directed edges
are necessarily used to connect steps to transitions
or transitions to steps. Each step may be associated
with several actions which represent the outputs of a
Grafcet graph. An action is symbolized by a rectangle
which is connected to a step. The same action can
be connected to many steps and it becomes true if at
least one of those steps is active. Some elements are
used to separate structurally steps and transitions:
"junction AND", "junction OR", "distribution AND" and
"distribution OR".
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3. Multi-target synthesis of Grafcet models
using a model-driven engineering approach
The possibility to take into consideration the
description of the target architecture when
generating code for a system specified in Grafcet is
an important issue. It permits to handle the
generation of control code for a family of hardware
architectures, with the possibility to choose one
specific architecture as input of the generation
process. At the same time, among the existing
approaches for code generation from formal
models, recent advances in the field of Model Driven
Engineering (MDE) advocate favorable outcomes
[1]. MDE is an expanding paradigm in the software
engineering domain that promotes the use of
models and model transformations for the
production of software artifacts (documentation,
code, etc.), with the use of Domain Specific
Languages (DSLs). The MDE approach was found
to be appropriate for Grafcet implementation and
recommended in [2]. Indeed, the Grafcet language
can be seen as a DSL and can benefit from the
advances of MDE to facilitate control engineers
practices, by enabling the automatic transformation
of Grafcet models into control code.

describing how the elements of the input language
(Grafcet and microcontroller metamodels) are
transformed into elements of the output language (C
language of the microcontroller taken as input).
The validation of this proposal have been done
using a model describing the Atmega328P
microcontroller. Given a grafcet specification of any
logical control system, the synthesis process is
performed by running transformation rules. The
overview of this transformation process is given on
figure 4.

Because the abstract syntax of a DSML is described
with a motamodel in the MDE domain, we have
designed two metamodels, a Grafcet metamodel
and a microcontroller metamodel (presented on
figure 3). This metamodel is a language describing
the microcontroller features useful when generating
code for a specific platform.

Figure 3: Overview of the transformation process
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Figure 2: Microcontroller metamodel

4. Model transformation for code generation
The proposed metamodels with all their features
have been implemented within Eclipse Modeling
Framework (EMF). It is a framework for describing
class models and generating Java code which
supports the creation, modification, storage, and
loading of model instances. It also provides the
Object Constraint Language (OCL) for models
verification. In EMF, model transformation is used to
generate model artifacts such as control code. The
code generation has been implemented with a
model transformation of type Model-to-Text (M2T).
This transformation is specified with rules

[3] IEC 61131-3, “Programmable controllers—Part 3:
Programming languages, (2nd ed.)”, International
Electrotechnical Commission, IEC publishing, 2003
[4] G. Nzebop Ndenoka, E. Simeu, R. Alhakim, “Efficient
controller synthesis of multi-energy systems for autonomous
domestic water supply”, ARIMA journal, vol. 24, pp. 65-88
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Feature selection and feature design for machine learning test
Members: Manuel J. Barragan, G. Leger
Cooperation: Instituto de Microelectrónica de Sevilla, (IMSE-CNM-CSIC) Spain
Contract: CNRS PICS Project IndieTEST
1. Introduction
Machine learning indirect test is a promising
strategy for overcoming the issues of traditional
functional test of analog, mixed-signal and RF
(AMS-RF) circuits. The basic idea is to replace
costly specification measurements by a set of
simpler measurements, often called signatures or
features. Machine learning regression algorithms
are then used to map features to specifications.
This is a promising solution, but it is not free of
shortcomings [1-4]. One of the key issues to enable
machine learning indirect test is the definition of an
appropriate set of signatures. Information-rich
signatures that capture the major part of the circuit
parametric variability are required. In practice,
signatures are proposed based on expert
knowledge but are usually suboptimal: they may
contain redundant information, noisy signatures,
non-relevant signatures, etc. The statistic field of
feature selection comes at hand to clean up such
an ad hoc signature set. However, an obvious
question remains unanswered: how can we
propose the original set of features ?
2. Feature selection for AMS-RF machine
learning test
Feature selection can be defined as the process of
selecting a subset of relevant features for use in
model construction. There are two main families of
feature selection algorithms: wrappers and filters.
The wrapper approach considers features
selection as an optimization problem. Wrapper
algorithms use the machine learning prediction
model as a black box within an optimization loop.
The model is used to evaluate the prediction error
for a given signature subset, and the optimization
loop minimizes this error. If the number of
candidate features is small, a full search may be
feasible, but as dimensionality rises more clever
search strategies should be considered.
Filtering algorithms rank a set of features according
to some statistical criterion, before training any
regression models. A wide variety of filters can be
found in specialized statistics literature. Two widely
used strategies are correlation-based filters, and
Principal Component Analysis (PCA).
Proposed
strategy:
Brownian
correlation directed search

distance

Filters and wrappers can be combined to obtain a
trade-off between speed and precision. Our
proposed hybrid approach first ranks the features
with respect to their Brownian distance correlation

to the target performance and trains an initial
regression model with the best correlated feature.
Then, we compute the residues of the fit [5].
After that, the algorithm ranks the remaining
features with respect to the Brownian distance
correlation to the residues and select the best
candidate to add it to the feature set. In each
iteration the algorithm should add features that
contains information that was previously missing.
3. Feature design
Stepwise addition of relevant features
The first logical step for designing new signatures
would be to identify the relevant information that is
missing from a given set of signatures.
The key idea behind indirect test is that signatures
and specifications are tightly correlated because
they are affected by the same underlying stochastic
process: the fabrication process. Then, if process
variations are the root cause of both signature and
performance variations, they are the perfect
candidates for diagnosis. During the design stage
we have access to these parameters at simulation
level: this is the base of Monte Carlo (MC) process
simulation.
We propose to explore the set of MC variables as
if they were additional signatures. Since the
process parameters are independent random
variables, we can simply perform stepwise
addition. Starting from the best available signature
subset determined by feature selection, we train a
regression model and evaluate the model
performance adding one MC process parameter at
a time, include the best candidate in the test list,
and iterate [1]. This way, we can identify which MC
variables bring relevant additional information with
respect to the already available signatures.
Finally, simple tests that target the selected MC
parameters should be designed in order to add the
identified missing information to the regression.
Root cause analysis
Causal discovery algorithms do not target to
maximize the correlation between features and
target variables. Instead, they are aimed at
proposing a causal structure that represents the
dynamic of the system and then identifying the
minimum number of parameters that causally
explain the state of a target variable (what is known
as the Markov blanket of a variable). In this line,
causal discovery algorithms have been proposed
for inferring causal relationships from sets of
observational data. These algorithms identify the
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causal structure around the target variable and
then they test conditional independence and
dependence hypothesis between the identified
variables to determine the Markov blanket of the
target variable.
Once the MC parameters in the Markov blanket of
a given performance have been identified, simple
tests targeting these parameters should be
designed.
4. Case study
Our case study is a 2.4 GHz Low Noise Amplifier
(LNA). Our initial set of signatures contains 42
features: the DC voltages in all the nodes of the
LNA, the biasing current, the output of a DfT
envelope detector, and all previous features
measured under stressed power supply.
We explored hybrid feature selection algorithms for
regressing the LNA gain, using different correlation
metrics: Pearson's correlation, Kendall's tau,
univariate Brownian distance correlation and
multivariate Brownian distance correlation.
0.5
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Fig. 1: Generalization error for the prediction of LNA gain:
correlation-directed search and wrapper search scatterplot

Figure 1 shows the obtained fronts for our RF LNA
case study. The algorithm based on Pearson's
correlation performs much worse than the others.
Kendall's Tau also performs poorly. The version
with univariate Brownian distance correlation
works well initially but saturates for more than 3
features. Noticeably, the directed search based on
the multivariate Brownian distance correlation
performs extremely well compared with the
optimum wrapper search. Moreover, in terms of
computation time, it offers a significant advantage
with respect to the wrapper. Each iteration adds a
relevant feature and requires to train a single
regression model.
To illustrate the proposed procedure for feature
design, we consider the regression of the RF LNA
gain using as the initial set of features the set of DC
voltages at all the nodes of the LNA, measured with
and without power supply stress (a total of 36
features). we perform a stepwise addition search
using the 33 process variation parameters defined
in the technology. Fig. 2 shows the generalization
errors obtained by adding one process parameter,
for four iterations. At the fourth iteration the
improvement is marginal. We identify three Monte
Carlo process variables -labelled 1, 27, and 33 in
Fig. 2- that bring relevant additional information.

Fig. 2: Generalization error for stepwise addition
of process parameters

By tracing back these variables to the physical
models in the design kit, we can identify metalinsulator-metal capacitors, polysilicon resistors,
and RF inductors as non-modeled information.
This result is coherent with an electrical analysis of
the DUT: the initial set of signatures was composed
by DC levels, so parametric variations of capacitors
and inductors would not have been detected. This
information can be used by the designer to develop
new tests targeting these elements, for instance by
adding non-intrusive process control monitors that
target the identified parameters.
Causal discovery algorithms were used for
exploring the MC space of parameters with the goal
of identifying the Markov Blanket of the LNA gain.
Preliminary results will be published soon and are
coherent with an expert electrical analysis and
accurately identify the sources of performance
degradations [6].
5. Future work
Future work in this research will further explore the
application of machine learning causality discovery
in the framework of AMS-RF machine learning test.
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High performance ADCs for industrial imaging applications
Members: M. Barragán, M. Diallo, D. Dzahini, H. Malloug, S. Manakli, S. Mir, F. Pancher, E. Simeu
Cooperation: XDIGIT
Contract: PYXCAD ― XDIGIT/TIMA Common Research Laboratory

1. Introduction
XDIGIT and TIMA Laboratory have set up a
common research laboratory named PYXCAD in
January 2018, currently for a 3-year period (20182020). The goal of the laboratory is the joint
development
of
very
high
performance
analog/mixed-signal measurement interfaces and
software solutions for the treatment of the
generated data. The work in 2018 has focused on
the layout optimization of ADC blocks and the
setting up of an advanced ADC characterization
test bench. Work is also recently underway for the
design of analog single-photon counters.
2. ADC layout optimization
In switched-capacitor ADCs for image sensors,
one has to deal with the very small value of
capacitors to reduce the pitch and the area, while
at the same time parasitic capacitance could create
distortion. The goal of this research is to find a
balanced and optimal layout structure using
customized capacitances rather than the usual
pcells that are made available with the
technological design kits. As an example, Figure 1
illustrates the layout for a 10-bit DAC using
customized MOM capacitors. The linearity is good
according to layout extracted simulations for a pitch
of 24µm that is required in some specific imager
applications. Work is currently underway in order to
study the incorporation of this type of solutions in
advanced ADCs commercialized by XDIGIT of the
MASSAR type [1].

Figure 2: Test bench for the characterization of advanced
converters

We are currently developing a testing method very
close to the imager application context where the
converter designed is supposed to be used, as
opposed to using the classical sinus testing set-up
which is more used for telecommunication
applications. This test set up will be used during
2019 for the characterization of fabricated samples
of advanced ADC converters.
Work is also underway for the development of
specific testing algorithms that help to track and
identify limiting features for even higher resolution
of non-conventional architectures such as
MASSAR. This knowledge will be exploited for the
development of off-line or on-line calibration
procedures for ADCs with the aim of reaching
higher resolution features with limited power
dissipation.
4. HgCdTe avalanche photodiode ROIC
Work has been started towards the design of
specific readout IC (ROIC) for high frequency
avalanche photodiode with embedded flash ADC
architectures. The detection, dating and counting
of single photons is a key requirement for LIDAR
(Light Detection and Ranging) applications
typically used in control and navigation for some
autonomous cars and for space communications.

Figure 1: Layout of a 10-bit DAC with MOM capacitors

5. References

3. ADC characterization test set up
Testing a high resolution converter is a difficult task
usually involving a digital analyzer with a high
resolution generator and a data acquisition system.
In the PYXCAD common laboratory, we use an
Applicos [2] test equipment that is very flexible for
testing converters (see Figure 2).

[1] MASSAR in the imagers. XDIGIT, Grenoble, France
(https://www.xdigit.fr/)
[2] ATX7006 data converter test system. Applicos
Measurement & Control, Heerde, The Netherlands
(http://www.applicos.com/)
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HW/SW architecture and CAD software for MPSoC
Keywords: Embedded software, device driver, MPSoC, Network-on-Chip, task migration
Members: T. Baumela, J. Dumas, M. France-Pillois, O. Muller, F. Pétrot, F. Rousseau
Cooperations: CEA-LETI, LIG
Contracts: CIFRE, CAPACITES (Investissements d’avenir)
Designing a Multi-Processor System-on-Chip
(MPSoC) implies a lot of knowledge specifically
when the software interacts with the hardware in
terms of architecture and tools. This domain is
usually called hardware/software (HW/SW)
interfaces.
The long-term expertise acquired in the last 10-15
years in this HW/SW interface domain leads to
deep scientific and technological breakthroughs:
synchronization in MPSoC, driverless operating
systems, memory hierarchy organization and
design, ...
1. Optimization of Synchronization barriers in
Multiprocessor architecture
Providing
high-performance
synchronization
mechanisms is a key issue to leverage hardware
parallelism offered by MPSoCs. The study
focuses on the synchronization barrier mechanism
and the impact of hardware contention for shared
memory clustered MPSoC.
Based on a real implementation of the TSAR
platform on Veloce2 Quattro emulator, we have
developed a non-intrusive tool-chain in order to
observe certain internal signals. We implemented
a spy module in the platform to extract at runtime,
by this side channel, useful signals like
processors program counters and registers [3].
Hence software execution is not impacted by the
signal extraction, which occurs only on the
hardware side. Extracted signals are dumped into
files. The content of these files is then processed
by different tools that analyze signal values and
provide relevant information of time spent in the
studied mechanisms. Leveraging accurate non
distorted timing measurements, this tool-chain
generates time annotated function calls stack and
cross-processors timing analysis exposing
synchronization mechanisms slowdowns in
realistic working condition.
With this methodology, we have identified
hardware modules restrictions and Linux kernel
sub-optimal services both in active and passive
wait processes. We show how the introduction of
delays in the thread awakening process improves
the overall synchronization mechanism. We have
provided a combined HW/SW optimization. For
the passive wait, our proposal provides a 60 %
gain for 64 threads running on a 64-core
architecture, and about 85 % gain for active wait
on 16 and 32-core architecture [1].
Another work concerns an efficient hardware

support for synchronization locks. We have
confirmed a fundamental hypothesis for the
optimization of the lock mechanism: although
during the run time a lock may be used by various
cores belonging to different clusters, it is often
reused by the last core which has released it.
Based on this observation, we propose an
innovative decentralized solution to manage
dynamic re-homing of locks in memory close to
the last access-granted core, thus reducing
overall access latency and network traffic in case
of reuse of the lock by the same cluster [2].
2. Redefinition of the HW/SW interface
Given their unbeatable energy efficiency,
Systems-on-a-Chip (SoC) are the solution to
integrate computing in devices. However, all
devices do not need the same hardware, hence
the impressive number of different SoC produced
by the system integrators. The Table below gives
the approximate number of different SoC
produced in volume per integrator:
Time
frame

Nb of
SoCs

Device

Device
Maker

2012-2018

22

Kirin

Huawei

2007-2018

29

APLx

Apple

2012-2016

33

Atom

Intel

2000-2018

46

Exynos

Samsung

2003-2019

120

MTX

Mediatek

2007-2018

136

Sndg

Qualcomm

From a hardware point of view, the integration
techniques have evolved drastically in the last
decade. However, the definition of the frontier
between peripheral devices and the kernel of the
operating system, structuring how input/output
operations occur at runtime, has remained mostly
unchanged since the very first days of computers,
even though the number of IPs have risen
tremendously, has had the number of registers
per IP.
We believe that there is a huge value in revisiting
the hardware/software frontier, simply because
complexity is getting out of hand: tens to hundred
of IPs per chip, 10 to hundreds of registers per IP.
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Research reports that more than 70 % of Linux
code is due to drivers, and 70 % of the bugs are
due to drivers too. Therefore, we propose a
simple idea: have each driver run on the device it
controls, and exchanging information not through
a complex set of ordered accesses to registers,
but through simple sequential messages, typically
as USB does on serial links for USB slaves.
The
immediate
benefits
are
increased
performance and lower power consumption by
better exploiting the inherent parallelism available
in the SoC.
Additionally, devices will host and run their own
drivers, which is beneficial to device makers: they
can deliver an out-of-the-box solution combining
the software driver and the hardware device.
In particular, each driver is written only once and
can be updated independently of the official OS
releases, thus increasing robustness and
shortening time-to-market.
As a side effect, we can expect that kernels will be
greatly simplified and more robust, as device
specific drivers are no longer part of their
codebase, ultimately greatly simplifying and
improving virtualization techniques.
As a first step, we have studied this year the
applicability of this proposal to FPGA devices [4],
as illustrated on Figure 1.

3. Cache
simulation
representation
in
multiprocessors

and
sharing
set
shared
memory

Cache coherence has been a long lasting subject
in computer architecture. With the emergence of
VLSI integration of massively parallel machines,
this subject is regaining importance, and this for
two reasons. First, the available throughput on
network-on-chip is much higher than the one
available on circuits that were previously
implemented on different boards or on multi-chip
modules. And second, the scalability issues are
more
stringent
on-chip
because
power
consumption and area are of high importance for
cost sensitive applications.
In cooperation with CEA-LIST, we worked on a
new sharing list management strategy for cache.
The sharing list is a set of metadata that each
L2/L3/LLC cache maintains to know which lower
level caches have a copy of a given memory line.
As the number of processor grows, the size of
these meta-data becomes just too large. To limit
this size, many proposals have been developed.
However, we believe it is possible to be more
scarce on data while being at least as efficient in
term of performances. For that, we developed a
new representation that is constituted by a
rectangle, whose size and shape can vary
dynamically, and of a list stored in a shared heap.
The maximal size of the rectangle is determined
experimentally by analyzing the level of sharing of
classical shared memory benchmarks. It appears
that, consistently for all benchmarks, around 90 %
of the cache blocks are shared by at most 8
processors, as can be seen on Figure 2.

Figure 1: Proposed integration approach

As the approach is message-based while the IPs
are not, specific hardware is required to
demonstrate our idea.
Given the large amount of IP available in FPGA
development platforms and the need for
supporting them in operating systems, we have
designed and developed a hardware wrapper that
translate messages to the IP into a set of register
access to
evaluate
the
hardware
and
performances costs. As a preliminary result, both
area and performances are minimally impacted. A
fact of life is that many complex IPs today embed
MCU or even full fledge processors. As a next
step, we plan to use these processors in order to
run IP local drivers interfaces with the host
processor, to limit the number of host drivers to a
minimum.

Figure 2: Experimental results

So we arbitrarily fix this maximal rectangle size to
8.
The idea is then to cover as much sharers as
possible with the rectangle, by dynamically
adjusting its position and shape (here the shape
also determines the size). Should any cache stay
uncovered, then we store these outliers in the list.
This list has a maximum size so as to avoid
preventing other blocks to store their own outliers.
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The appropriate size of the list is also determined
experimentally, and it appears that a value of 4 is
a good performance vs access time trade-off .If
the list overflows, in last resort, we use broadcast
to send the protocol messages to all cores,
making sure no copies stay uninformed of state
changes [5].

Figure 3 : Comparison of the number of broadcasts
for parallel benchmarks

Experiment on architectures with up to 64 cores
show that the approach is competitive in terms of
performance with the state of the art (see Figure
3), and that is scales better in terms of resource
requirements, as shown in Table 1.

Table 1: Resources
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Reconfigurable and prototyping for cloud and artificial intelligence
Keywords: Dynamic reconfiguration, FPGA virtualization, accelerator architectures
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Reconfigurable architectures, such as FPGA, are
commonly used in research activities for a wide
range of applications. During the report period,
the SLS team has mainly conducted its research
on the virtualization of reconfigurable architecture
and on the use of FPGA prototype to demonstrate
innovative application-specific accelerators. Both
research activities are presented in the following
sections.
1. Portable infrastructure for heterogeneous
reconfigurable devices in a cloud-FPGA
environment

allows a hardware context switch to take place
while the task still has ongoing communication
flows
on
Reconfigurable
System-on-Chips
(RSoCs). Our experiments show that the
overhead due to managing the communication
data becomes negligible since our mechanism
provides the necessary high responsiveness for
preemptive scheduling, besides the consistency in
communication. Finally, our solution has been
integrated in a task migration prototyping and in a
hypervisor-based system.

Field-Programmable Gate Arrays (FPGAs) have
been gaining popularity as hardware accelerators
in heterogeneous architectures thanks to their
high performance and low energy consumption.
This argument has been supported by the recent
integration of FPGA devices in cloud services and
data centers. The potential offered by the
reconfigurable architectures can still be optimized
by treating FPGAs as virtualizable resources and
offering them multitasking capability. The solution
to preempt a hardware task on an FPGA with the
objective of context switching it has been in
research for many years. In previous works, we
proposed a strategy to extract the context of a
running task from the FPGA to provide the
possibility of its resumption at a later time.
An extension of this work to enlarge its usefulness
consists in the communication consistency
management. This communication management
is necessary to ensure the consistency in the
communication of a task with context switch
capability in a reconfigurable system. Otherwise, a
hardware context switch can only be allowed
under restrictive constraints which may lead to a
considerable penalty in performance; context
switching a task is possible after the
communication flows finish and the input/output
data have been consumed. Furthermore, certain
techniques demand homogeneity in the platform
for a hardware context switch can take place.
We have proposed a mechanism which preserves
the communication consistency during a hardware
context switch in a reconfigurable architecture, as
illustrated in Figure 1 [1]. The input/output
communication data are managed together with
the task context to ensure their integrity. The
overall management of the hardware task context
and communication data follows a dedicated
protocol
developed
for
heterogeneous
reconfigurable architectures. This protocol thus

Figure 1: Proposed communication infrastructure

2. FPGA integration in heterogeneous HPC
architectures
Heterogeneity in HPC nodes appears as a
promising solution to improve the execution of a
wide range of scientific applications, regarding
both performance and energy consumption.
Unlike CPUs and GPUs, FPGAs can be
configured to fit the application needs, making
them an appealing target to extend traditional
heterogeneous HPC architectures. However,
exploiting them requires an in-depth knowledge of
low-level hardware and high expertise on vendorprovided tools, which should not be the primary
concern of HPC application programmers. We
proposed a framework, which require the
minimum
knowledge
of
the
underlying
architecture, as well as fewer changes to the
existing code. To fulfill these requirements, we
extend the StarPU task programming library that
initially targets heterogeneous architectures to
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support FPGA. We use Vivado HLS, a high-level
synthesis tool to deliver efficient hardware
implementations of the tasks from high-level
languages like C/C++. A proof-of-concept
implementation and preliminary results have been
revealed in [2].

and throughput for a given TNN architecture and
level of parallelism.

3. High-Throughput Inference with Ternary
Neural Networks
Deep neural networks are requiring a lot of
computation and storage resources. To alleviate
this, we are advocating the use of ternary weights
and low bit representation of data. A cooperation
with LIG has led to the definition of a new training
approach in which all weights are ternary and all
activations are ternary, the input data being 8 bit
wide.
This training approach, based on a new usage of
the teacher/student strategy, leads to relatively
small degradation as compared to the state of the
art on academic benchmarks (we tested image
classification for CIFAR10/100 and GTRSB), but
with a need for resources order of magnitude
smaller than usual floating point approaches.
We developed a Convolutional Neural Network
(CNN) in which weights and activations have been
quantified on 2-bits to represent the values {1,0,1}. This architecture, called Convolutional
Ternary Neural Network [3, 4], has been designed
to be implemented in a Xilinx Virtex-7 FPGA
VC709 prototyping board. It integrates 14M of
parameters into the BRAM and LUTRAM of FPGA
board and it is able to obtain a performance of
18TOP/s. In addition, the architecture supports
different parallelism levels with small memory cut,
leading to a very high-throughput in terms of
frame per second, and with low latency. The goal
of this architecture is to have all weights on-chip,
so that power efficiency is excellent, since there is
no need to access an external DRAM. Also, given
the ternary nature of the weights and the usage of
creative low level optimizations, the network can
be fully unrolled on the FPGA, leading to very
high-throughput (up to 60k frame per second) at
low power (11 watts measured on the board,
including PCIe IP). Figure 2 gives an overview of
the design points in terms of power consumption

Figure 2: Power consumption as a function of throughput

The application of our quantification approach
demonstrated the possibility of improving the
performance of CNN using a reduced number of
bits. So far, the quantification of weights and
activations, the design of a dedicated architecture
and its implementation in FPGA were
demonstrated on an architecture inspired from a
VGG model. The next phase of this work will
focus on the application of the ternary approach in
dedicated architectures inspired from other
traditional
deep
CNN
configurations
as
GoogLeNet ou ResNet, and other small
configurations as MobileNet or SqueezeNet.
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Simulation and verification have been long lasting
research topics of the SLS team. During this past
year, we classically still focused on simulation
speed, trace analysis, etc, but also bootstrapped
new activities around cyber-physical systems.
This includes the modeling of requirements with
the goal of high-level testing of ESL systems,
modeling approach and simulation of analog and
mixed signal systems, and verification of cyberphysical systems.
1. Fast simulation strategies
Simulation
of
large
scale
integrated
multiprocessor platforms is a long lasting theme of
the SLS group. This work is of primary necessity
as the number of processors in integrated circuits
is rising, and therefore the simulation times are
increasing constantly. Current manycore systems
contains tenths or even hundreds of processors,
usually with a VLIW architectures (e.g. Tilera
TileGx72 or Kalray MPPA256) for a high
performance per watt ration. As a result, the
execution of the software on Instruction Set
Simulators during simulation (making the
processor the ultimate hardware/ software
interface) is not viable anymore.
During this year, we have kept on working on
dynamic binary translation, with the goal of
accelerating the simulation of the load/store
accesses, and more specifically to speed-up
virtual to physical address translation that occurs
on each and every read or write in the target
code. This focus stems from the fact that the

simulation of the logical to physical address
translation takes a non-negligible part of the
simulation time, as can be seen on the figure
below. This is due to two factors: a) load and store
are done using helpers, i.e. functions that are
called to perform a complex action instead of
being inlined, and b) the actual translation can be
very complex. It has a fast path that searches
within a hash table caching the most recent
translations, and a slow path traversing the target
page table structure to retrieve the translation.
The principle of our idea is to translate the target
load or store directly into a host load or store
(technically, one more load is necessary in both
cases) and use the possibility given by Linux to
integrate, though a kernel module, our own way to
manage a set of pages of a given process.
Thanks to that, we can simply map the physical
target address space (obtained by a simple
memory allocation to create the memory model in
the simulation environment) into the host virtual
memory. Using a simple offset, all memory access
can then be done through an indirect + register
type memory access of the host, at the cost of a
page fault on the first access. Many details have
however to be taken care of, because the
mappings change over time due to the target
operating system, which incurs also a nonnegligible overhead.
We have also continued our work on native
simulation making use of the hardware assisted
virtualization support available on modern
processors. We were the first to point out in 2009
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that the control flow graph (CFG) of code
compiled on the target processor was not
isomorphic to the CFG of the same code compiled
on the host processor, making therefore timing
estimates during native simulation at best a wild
guess. Thanks to the fact that most compilers use
an intermediate representation on which most of
the non-machine dependent optimizations are
done, we defined an approach which does an
approximate mapping between a fully optimized
target CFG and the partially optimized host code
in intermediate representation. To that aim, we
had to study aggressive compiler optimizations
such as loop unrolling and code motion. We
defined an algorithm to map basic blocks of the
intermediate representation onto basic blocks of
the optimized binary, and back-propagate the
relevant information into the intermediate
representation basic blocks, or even restructure
the intermediate representation control flow graph
so that the execution of the C generated view of
the intermediate representation is fully faithful to
the execution of the binary in terms of traversed
basic blocks. This focus on loop is particularly
important as any error in a loop is replicated by
the number of iteration of the loop [1].
2. Speed up heterogeneous simulation
Exploring possibilities for fast modeling and
simulation of heterogeneous (software and
digital/analog hardware) systems is a recent
interest of the SLS group. During the last year, we
worked on the feasibility of combining different
simulation techniques (QEMU + SystemC AMS) in
order to accelerate the joint development of such
heterogeneous systems. Based on the experience
of the SLS members about simulation techniques,
and
modeling/simulation
of
digital
and
analog/mixed-signal systems at high level of
abstraction, we developed a heterogeneous
virtual platform that allowed us to demonstrated
our approach. As shown in Figure 1, using the
IEEE 1666.1-2016 SystemC AMS Standard, we
implemented the behavior of an analog
component, in our case a DC motor, by means of
a scaled continuous-time linear transfer function
G(s) provided by the Timed Data Flow Model of
Computation (MoC).

Figure 1: SystemC/TLM/AMS Heterogeneous Virtual Platform

This analog component was interconnected, by
means of user-defined converter modules, with a
digital SystemC/TLM platform implemented using

the IEEE 1666-2011 SystemC standard. The TLM
platform, which implements a digital version of a
motor speed PID controller, is composed of a
RISC-V CPU model, a memory, an ADC, a DAC
and a memory-mapped bus. The ADC samples
the motor speed signal (𝛩m’) and sends an
interruption to the CPU. The CPU handles the
interruption by executing the binary crosscompiled code stored in the memory: read the
sampled data from the ADC, execute a discretized
controller equation, write back the control signal
value to the DAC and suspend until the next
interruption arrives. The code of the controller is
written in C and cross-compiled to target a RISCV 32 bits ISA (RV32IMF). The CPU model,
provided by Rabbits, was initially implemented as
a SystemC module, which instantiates a RISC-V
QEMU virtual machine and coordinates its
execution as a SystemC process in a way that is
transparent to the user. In order to evaluate the
simulation performance, we implemented another
CPU version, a RISC-V ISS wrapped in a
SystemC module exposing a TLM initiator socket
and an interruption port, which transforms the load
and store requests into TLM transactions. We
executed the heterogeneous virtual platform using
the two CPU versions and we demonstrated that
the QEMU RISC-V model speeds up simulation
by almost a threefold factor relative to the RISC-V
ISS. In addition, the control system time response
was validated using as reference three analog
versions of the PID controller, implemented using
the TDF, LSF, and ELN SystemC AMS MoCs.
Simulation results showed no significant
difference in accuracy. This work demonstrates
that QEMU can be coupled with SystemC and
SystemC AMS models to enable early and fast
development of software and the heterogeneous
design space exploration.
3. Using simulation for software performance
improvement
The goal of this research, done in cooperation
with STMicroelectronics, is to help optimize
software performance during hardware/software
integration, by using simple metrics such as
processor stalls and transactions latencies. To
than aim, pretty time accurate simulation models
are required since the effects of pipeline stalls,
cache misses, memory contention and so on are
very dependent on the moment at which they
occur. Although very time consuming, we choose
to use a cycle-accurate/bit accurate model of the
processor and its environment, obtained from the
VHDL description thanks to a commercial tool.
Using this model, stalls due to the non-availability
of data into registers are identified, allowing to
compute a prefetch distance at which a prefetch
instruction could be added to limit stall latency.
Note that we consider here superscalar processor
in which the instruction that stall is not the load
instruction, but the instruction that consumes the
register that is the target of that load. Trace
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analysis is necessary to identify which instructions
are responsible for the stalls.
4. Testing framework
system design

for

cyber-physical

This project, realized in cooperation with
Schneider Electric, advocates a requirement
driven testing approach to improve the design of
cyber-physical systems. It enables to specify test
infrastructures
dedicated
to
requirements
(distinctive of IEC or other standards, or user
requirements) and to automate the generation of
the corresponding executable tests.
We have specified and implemented a tool called
ARES (Automatic geneRation of Executable tests
from SysML). It automatically transforms models
of test scenarios originating from requirements
into automated tests [2], [3]. Test scenarios are
modeled as SysML Sequence Diagrams that
specify ordered sequences of interactions
between "test emulators" and the system under
test. From such a behavioural description of the
test scenario, ARES automatically generates an
executable scenario used to drive the simulation
or the verification on a (TestStand) testbench,
thus guaranteeing the application of the same
scenario in both contexts. The method consists in
generating a finite state machine (FSM) able to
communicate with the system through specific
ports.
The overall method (requirement driven test
specification + transformation into executable
tests) has been applied to several use cases of
Schneider Electric, for example a model of
breakers network (busbars) with its protection
algorithm (Figure 2).

OSIRIS automatically transforms them into C++
assertion
checkers.
Associated
with
the
embedded software, these checkers can be
triggered during execution to report property
satisfaction or violation.
A major challenge is the instrumentation of the
embedded application so that the assertion
checkers can be triggered upon specific events
during execution. The events of interest are (1)
global/local variable readings and updatings, and
(2) function calls and returns. OSIRIS implements
two solutions to automatically instrument object
files of embedded programs in order to enable the
event-driven activation of the temporal assertion
checkers [4]. One of them simply transforms the
original binary file as pictured on Figure 3: each
instruction that corresponds to an event of interest
is replaced by a branch instruction to the function
that triggers the checker evaluation.

Figure 3: Binary instrumentation with PSL checkers

Experiments have been performed for several use
cases, among them a path following lateral
controller for an autonomous car, and an audio
decoding platform. The CPU time overhead for
the instrumentation mechanism itself is negligible,
and instrumentation with the assertion checkers
ranges from 0.4 % to 25 % CPU time overhead,
for complex properties.
6. References
[1] O. Matoussi, F. Pétrot, “A mapping approach between IR
and binary CFGs dealing with aggressive compiler
optimizations for performance estimation”, Asia SouthPacific Design Automation Conference, pp. 452-457. Jeju
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Testing for Cyber-physical Systems: From Scenarios to
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through Binary Instrumentation", DATE'2019, March 2019

Figure 2: Use case - Protection for a network of breakers

5. Assertion-Based Verification for HW/SW
systems
Verifying the correctness and the reliability of C or
C++ embedded software is a crucial issue. To that
goal, runtime Assertion-Based Verification (ABV)
can be used to check whether applications obey
temporal properties ("assertions") that capture the
design intent. Such assertions can also be used
for the online monitoring of fault-tolerance,
security, or performance properties.
With our approach, assertions are formalized in
the IEEE standard language PSL, and our tool
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39. PLASSAN Guillaume
Title of thesis: Conclusive formal verification of clock domain crossing properties
Completed on : March 28, 2018
Previous degrees: Engineer – Grenoble INP / PHELMA (2012)
40. POPESCU Andrei
Title of thesis: On control approaches for estimation purposes - Application to tunneling current in
MEMS
Expected date of defense: 2019
Previous degrees: Engineer - Polytechnique Bucarest (2016)
41. RENDON HERNANDEZ Adrian
Title of thesis: Design, modeling and evaluation of a thermo-magnetically activated piezoelectric
generator
Completed on: September 27, 2018
Previous degrees: Engineer - ITESM Monterrey, Mexique (2013)
42. REYNAUD Vincent
Title of thesis: Secured access to IEEE 1687 test resources and lightweight crypto-processors in the IoT
context
Expected date of defense: 2020
Previous degrees: Engineer (2017)
43. ROLLOFF Otto Aureliano
Title of thesis: Standard cells and control structures for performance management of asynchronous
circuits in FDSOI technologies
Expected date of defense: 2018
Previous degrees: Engineer (Brasil) (2007)
44. ROUX Julie
Title of thesis: Safety Evaluation of Aircraft Systems using Virtual Platforms
Expected date of defense: 2021
Previous degrees: Engineer – Grenoble INP / PHELMA (2017)
45. SENTHAMARAI KANNAN Kalpana
Title of thesis: Performance and Safety/Security Management in automotive and IoT applications
Expected date of defense: 2020
Previous degrees: Engineer (2013)
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46. SHAH Riddhi
Title of thesis: HiRel Product Demonstration by Dynamic Wearout Management
Expected date of defense: 2020
Previous degrees: Engineer (2016)
47. SILVEIRA FEITOZA Renato
Title of thesis: Desigh-for-test strategies for built-in static test of high-performance SAR ADCs
Expected date of defense: 2020
Previous degrees: Engineer Ponthifical Catholic University of Rio de Janeiro (2017)
48. SIVADASAN Ajith
Title of thesis: Design and Simulation of Digital Circuits in 28nm FDSOI for High Reliability
Completed on : June, 29, 2018
Previous degrees: Engineer (2014)
49. TAKAM TCHENDJOU Ghislain
Title of thesis: Performance monitoring and errors reconciliation in image decoders
Completed on: December 12, 2018
Previous degrees: Engineer - Université des Montagnes – Cameroun (2015)
50. TCHUANI TCHAKONTE Diane
Title of thesis: Minimization of energy consumption of sensor networks in target coverage applications
Expected date of defense: 2019
Previous degrees: Engineer (2011) (Cameroon)
51. TROUSSIER Chloé
Title of thesis: Study of ESD/CDM stresses phenomena from elementary charged devices to package
discharge: failure mechanism, protection strategy and predictive tools
Expected date of defense: 2021
Previous degrees: Engineer – IMT Atlantique Bretagne Pays de Loire (2018)
52. WICAKSANA Arief
Title of thesis: Portable infrastructure for heterogeneous reconfigurable devices in a cloud-FPGA
environment
Completed on: October 2, 2018
Previous degrees: Engineer (2015)

PhD candidates - 110

Other members of TIMA
Post-doctoral position – Engineers – Experts – Teaching Assistants
Name
1. ARDILES SARAVIA
2. CHEHAITLY

Forename
David César
Mouhamad

Position
Postdoc
Teaching Assistant

Team
RIS
RMS

3.
4.
5.
6.

Abdelkarim
Amani
Rodrigo
Hani

Postdoc
Postdoc
Contracted Engineer
Postdoc

CDSI
CDSI
CDSI
RMS

7. MIALLAND
8. MORICE
9. SAADI
10. SKAF

Adrien
Vincent
Ahmed Abdelhalim
Ali

Contracted Engineer
Contracted Engineer
Postdoc
Expert

CDSI
CDSI
RMS
CDSI

11. TAKAM TCHENDJOU
12. VATAJELU

Ghislain
Ioana

Teaching Assistant
Expert

RMS
AMfoRS

CHERKAOUI
DARWISH
IGA JODUE
MALLOUG

Visitors
Name

Forename

Country

Duration

1.
2.
3.
4.

BEL HADJ TAHAR
DI NATALE
FERRARI
GINES ARTEAGA

Jamel
Giorgio
Vittorio
Antonio Jose

TUNISIA
FRANCE
ITALY
SPAIN

5 days
9 months
8 days
4 days

5.
6.
7.
8.

HUSAK
KAROUI
LACORTE CANIATO SERRANO
LEGER

Miroslav
Said
Ariana Maria Da Conceiçao
Gildas

CROATIA
ALGERIA
BRAZIL
FRANCE

8 days
6 days
21 days
9 days

Gustavo
Arif
Manuel

BRAZIL
INDONESIA
FRANCE

21 days
3 months 14 days
1 year 7 months

9. PLAMPLONA REHDER
10. SASONGKO
11. SELVA
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Trainees
Name

Forename

Country

Duration

Team

1.
2.
3.
4.

AIT SAID
AKRMI
BELALTA
BENALLEL

Noureddine
Oubaid
Youcef
Mohamed Amine

MOROCCO
TUNISIA
ALGERIA
ALGERIA

6 months
2 months 19 days
2 months 23 days
2 months 23 days

AMfoRS
CDSI
AMfoRS
AMfoRS

5.
6.
7.
8.

BERLITZ
BEZAI
BHATIA
BOUGHZALA

Carlos Augusto
Nadiya
Ishita
Oussama

BRAZIL
MOROCCO
INDIA
TUNISIA

3 months 15 days
3 months 25 days
2 months 16 days
3 months 21 days

CDSI
CDSI
RIS
CDSI

9. BRIGNON
10. BRIGNON
11. BRYLOV
12. CHRETIEN

Enzo
Enzo
Rostyslav
Michel

FRANCE
FRANCE
UKRAINE
FRANCE

2 months 9 days
5 months 17 days
3 months 9 days
2 months 5 days

AMfoRS
SLS
SLS
SLS

13. DO
14. DO
15. DUCRUY
16. DUCRUY

Son Tung
Son Tung
Yann
Yann

VIET NAM
VIET NAM
FRANCE
FRANCE

14 days
3 months
2 months 9 days
5 months

AMfoRS
SLS
AMfoRS
SLS

17. EL FIDALI
18. EL KHAMSI
19. EZZADEEN
20. FLEURY

Ouissal
Ismail
Mona
Rodolphe

MOROCCO
MOROCCO
FRANCE
FRANCE

3 months 16 days
2 months 19 days
2 months 20 days
1 month 4 days

TIMA
CDSI
CDSI
SLS

21. GARAY TRINDADE
22. GASSAB
23. GERY
24. JEROU

Matheus
Maroua
Eliott
Syrine

BRAZIL
TUNISIA
FRANCE
TUNISIA

4 months
1 month 29 days
4 days
2 months 23 days

CDSI
CDSI
TIMA
AMfoRS

25. LIM
26. MANGER
27. MORIN
28. MOUHOUB

Olivier
Raphael
Alexandre
Tarik

FRANCE
FRANCE
FRANCE
ALGERIA

4 months 6 days
3 months 10 days
3 months 25 days
2 months 19 days

CDSI
SLS
CDSI
CDSI

29. MULLER
30. MULLER
31. NASTRO
32. NGUYEN

Lucie
Lucie
Alessandro
Dinh-Duy-Kha

FRANCE
FRANCE
ITALY
VIET NAM

1 month 30 days
2 months 29 days
3 months
2 months 19 days

AMfoRS
SLS
CDSI
CDSI

33. OCHSENDORF PORTUGAL
34. PETRINI
35. PUGNAT
36. RAMZI

Pedro
Nicolo
Théo
Jinane

BRAZIL
ITALY
FRANCE
MOROCCO

2 months 20 days
2 months 25 days
2 months 6 days
3 months 16 days

AMfoRS
CDSI
AMfoRS
TIMA

37. RCHI
38. SCHWING
39. SCHWING
40. TALBI

Anas
Georges
Georges
Ouiame

MOROCCO
France
FRANCE
MOROCCO

3 months 25 days
2 months 8 days
4 months
3 months 14 days

CDSI
AMfoRS
SLS
SLS

41. VIANES
42. VILLANOVA NOVAES MAGALHAES
43. WILHELM
44. WILHELM

Arthur
Gabriel
Niko
Niko

FRANCE
BRAZIL
GERMANY
GERMANY

1 month 4 days
4 months 20 days
2 months 8 days
3 months

SLS
AMfoRS
AMfoRS
SLS

45. YAKHLEF

Mohamed

MOROCCO

3 months 21 days

CDSI
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Contracts
TIMA has a long tradition of international cooperation, both with industrial and academic partners in the
context of multinational projects. This chapter provides a short abstract of the topics and objectives of the
contracted partnerships that were active in 2018 (11).

ANR
ANR / FALCON project (Sep 01, 2017 - Mar 30, 2019)
"Réseaux de caméras ultrarapides par assemblage nanotechnologique"
Partners: Université de Strasbourg / CEA LETI / Dolphin Integration
La vidéo rapide est une activité en plein essor tout en étant un terrain d’application idéal des imageurs à technologie
CMOS. Elle trouve des applications dans l’analyse des mouvements, la balistique, les explosions, la biomécanique,
les crashs test, la dynamique des fluides, les chocs et les vibrations etc. La vidéo rapide conventionnelle est
actuellement pilotée par l’industriel avec des sociétés comme Photron, Redlake ou Drs Hadland qui produisent
leurs propres capteurs. La meilleure caméra du marché offre 22000 images par seconde (ips) pour une résolution
spatiale de 1280x800 pixels, c’est-à-dire un taux d’échantillonnage de 22 Giga pixel/s. Cette vitesse n’est pas
restreinte par l’électronique du pixel, mais par celle des entrées sortie qui permettent d’extraire l’image du capteur.
L’objectif du projet FALCON est de franchir cette barrière technologique en repoussant la vitesse d’acquisition de
3 ordres de grandeurs en proposant un capteur capable de prendre jusqu’à 100 millions d’ips en montant le taux
d’échantillonnage à 10 Petabits/s. Pour y parvenir, l’approche classique d’extraction des images en continu doit
être abandonnée pour s’affranchir du goulet d’étranglement des entrées/sorties au profit de l’approche de capteur
d’image par rafale (BIS pour Burst Image Sensor). Puisqu’il n’est pas possible de sortir les images au fur et à
mesure qu’elles sont prises, il suffit de les laisser sur le capteur. Ainsi, l’ensemble des BIS précédemment réalisés
intègrent une mémoire analogique embarquée sur un capteur monolithique. Le pitch du pixel est généralement de
l’ordre de 50 µm, la vitesse d’acquisition d’environ 10 Mega ips et la profondeur mémoire, c’est-à-dire le nombre
d’images stockées, tourne aux alentours d’une centaine. Ce dernier nombre, principalement limité par l’espace
occupé par la mémoire en relation avec le pitch du pixel, est bien insuffisant dans bon nombre d’applications et
spécifiquement celles ou la durée de l’événement à mesurer est longue ou bien ou la synchronisation de
l’événement et le déclenchement de la caméra est incertain. Cela peut conduire à une expérience manquée. Par
ailleurs, les travaux n’évoquent que très peu le rapport signal à bruit (SNR) mais sa valeur diminue lorsque le temps
de lecture augmente, c’est-à-dire lorsque le nombre d’images à lire grandit, car les courants de fuites dégradent
l’information stockée dans une capacité. Cette contrainte joue également en défaveur d’une grande profondeur de
mémoire et en pratique, le SNR ne dépasse pas les 45 dB. Le dispositif proposé dans le cadre du projet FALCON
repose sur un concept en totale rupture avec les précédents BIS en mettant en œuvre les possibilités offertes par
les technologies microélectroniques 3D émergentes. Une thèse démarrée en 2012 en collaboration entre ICube et
le L3i du CEA Leti a permis de déterminer une nouvelle architecture qui tire parti de la structure 3D de manière
optimale. Une approche numérique audacieuse permet d’augmenter les performances de ce type de capteur, et
également d’y apporter de nouvelles fonctionnalités. La particularité de l’architecture réside dans son mode
d’acquisition avec conversion analogique vers numérique a haute cadence et stockage des images sous format
numérique qui améliore à la fois la qualité du signal et qui augmente d’un ordre de grandeur la profondeur mémoire.
L’objectif final étant d’obtenir une caméra haute définition (1200x1200), fonctionnant à 10 Mega ips avec une
mémoire de plus de 1000 images. Ce projet repousse les performances de chacun des sous éléments du système
à l’état de l’art afin de proposer un capteur unique. Une méthodologie originale de conception conjointe
architecture/partitionnement et électrothermique est également au cœur du projet. En effet, de nouvelles méthodes
et de nouveaux outils sont nécessaires pour mener à bien la conception de tels systèmes intégrés hétérogènes.
ANR / TERAPACIPODE project (Nov 13, 2017 - Jun 30, 2018)
"Démonstration de circuits passifs sur Polymère dans la gamme THz"
Partners: Université Paris Sud - Paris 11 / Université Lille I / Université de Rennes I / III-V LAB
Le projet TeraPACIPODE porté par l'IEF, s'inscrit dans le domaine de l'électronique térahertz (THz). Il adresse les
applications liées aux télécommunications à haut débit de manière privilégiée mais les retombées seront aussi
utiles à l'ensemble du champ émergeant que constitue l'électronique THz. Depuis quelques années, un nombre
important d'études a concerné des composants actifs ; le plus souvent des sources, parfois des détecteurs, et
rarement des amplificateurs basés sur des MMIC en dessous de 1THz. En parallèle, l'étude de fonctions passives
THz a suscité peu d'intérêt et d'efforts. Ce projet vise la réalisation de circuits passifs (guides, coupleurs, diviseurs
de puissance, antennes) sur substrat polymère. L'intérêt de certains polymères aux fréquences THz est lié à la
faible valeur de la partie réelle de la permittivité diélectrique qui présente l'avantage de réduire sensiblement les
pertes par rayonnement des circuits et d'améliorer le rendement des antennes, à condition de ne pas augmenter
les pertes diélectriques. Le BCB réunit ces deux critères. Un autre atout des polymères réside dans la capacité à
les déposer par centrifugation au-dessus de tous les types de substrat et circuits intégrés. Les briques de base
appréhendées dans ce projet sont aussi nécessaires à la synthèse de systèmes plus complexes tels que des
amplificateurs distribués ou des multiplieurs.
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ANR / TRICOT project (Oct 01, 2017 - Jun 30, 2018)
"Technologie émergente pour le développement de circuits RF et millimétriques à base de nanotubes
de carbone"
Partners: CNRS DR Centre Limousin Poitou Charentes / CNRS DR 16 Paris Michel Ange / III-V LAB
TRiCOT is a fundamental research project that proposes an "Emerging technology for the development of RF
and millimeter circuits based on carbon nanotubes". This is an ambitious project in the context of Challenge
7, Axis 8, addressing in particular the future technological bottlenecks to be solved in terms of packaging: 3D
heterogeneous integration, high frequency interconnection, densification, functionalization, …, which are
awaited for the fabrication of millimeter wave modules up to 100 GHz, for wireless applications, high-resolution
sensors and ultra-high-speed communication. Given the changing needs and technologies, this project is in
the context of ultra-compact millimeter-wave systems manufacturing. So we are planning to develop E-band
demonstrators (71-86 GHz), and we are proposing an original concept of functionalized interposer, in particular
by integrating a beamforming circuit (Butler matrix), which is based on two innovations from previous work of
the different partners: - the first one deals with the design of slow-wave waveguides. This principle has been
developed and validated experimentally by UGA-IMEP-LAHC. In particular, it leads to a reduction in the lateral
and longitudinal dimensions of the slow-wave waveguides compared with those of conventional guides at a
given working frequency. Although it is at millimeter-wave frequency, with relatively small circuit sizes, this
aspect remains important for the production of guides which have the advantage of having little radiation losses
but which have lateral dimensions that are incompatible with the implementation of feeding networks for
antenna arrays, which are essential for achieving an acceptable link budget. - the other innovation concerns a
maturing technology of carbon nanotubes growth and transfer, compatible with CMOS technology. This
technique has been developed and validated by CINTRA and XLIM for the packaging and realization of
components up to millimeter frequencies. We will extend this technology for obtaining the slow-wave effect in
waveguides. Finally, the industrial partner III-V Lab will bring its expertise in terms of technological testing in
order to validate the quality of implemented processes. By pooling these skills, the project will lead to a real
alternative in terms of realization and packaging of high-performance circuits, from mm-wave up to THz
frequencies, with high impact for strategic sectors (high-speed wireless communications, security, defense,
space ...). The project is structured around 5 workpackages: (1) project management, (2) demonstrator
specifications and constraints, (3) modeling and design (carbon nanotube forests and design of elementary
circuits and the final demonstrator), (4) fabrication of structures based on carbon nanotubes, (5) high frequency
characterization of fabricated structures. The complementarity of the partners and their unique expertise
recognized by the international community in this field is a major asset for the success of this project. The
project's intended outcomes include: (i) new heterogeneous 3D integration solutions requested by the industry
of micro- and nanoelectronics, (ii) development of a library of circuits which will ultimately enable the realization
of various types of systems, (iii) publications in major international conferences and conferences, (iv) use of
the main results to feed our master's and doctoral school courses.

ANRT
ANRT / CIFRE Arthur KALSING project (Sep 01, 2015 - Dec 31, 2018)
"Méthodes et outils pour l'intégration de structures faible consommation pour circuits intégrés
complexes basé sur un contrôle distribué asynchrone"
Partners: DeFacto Technologies SA / Grenoble INP
ANRT / CIFRE Xavier AUBERT project (Nov 01, 2017 - Oct 30, 2021)
"Techniques adaptatives de réduction de la consommation des systèmes sur puce en technologie
silicium sur isolant complètement déplété"
Partners: Dolphin Integration / Laboratoire TIMA
ANRT / CIFRE Martial CHABOT project (May 04, 2015 - May 03, 2018)
"Ingénierie système de la modélisation abstraite à la modélisation physique"
Partners: Schneider Electric Industrie SAS
ANRT / CIFRE Louis BONICEL project (Mar 01, 2018 - Feb 28, 2021)
"Etude d'un modèle architectural pour la génération de code intégrant les contraintes d'un système
temps réel embarqué dans le domaine de la mesure et la protection électrique"
Partners: Schneider Electric Industries SAS
ANRT / CIFRE François BERTRAND project (Apr 14, 2016 - Apr 13, 2019)
"Conception asynchrone robuste pour la très faible consommation dans les cartes à puces."
Partners: Starchip
ANRT / CIFRE Alexis Rodrigo IGA RADUE project (Sep 17, 2018 - Sep 16, 2021)
"Démodulation NFC Basse Consommation et Respectueuse de la Compatibilité Electromagnétique"
Partners: STMicroelectronics
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ANRT / CIFRE Chloé TROUSSIER project (Nov 19, 2018 - Nov 18, 2021)
"Etude des phénomènes de décharge électrostatique (ESD/CDM) : du composant au circuit intégré"
ANRT / CIFRE Ioanna KRIEKOUKI project (Oct 25, 2018 - Oct 24, 2021)
"Fabrication et caractérisation de bits quantiques avec contrôle embarqué en technologie 28nm UTBB
FD-SOI et au-delà à température cryogénique"
ANRT / CIFRE Rodrigo IGA RADUE project (Sep 17, 2018 - Sep 16, 2021)
"Démodulation NFC Basse Consommation et Respectueuse de la Compatibilité Electromagnétique"
ANRT / CIFRE Tommaso MELIS project (Nov 05, 2018 - Nov 04, 2021)
"Développement d'outils de diagnostic pour l'analyse des défaillances des circuits intégrés
analogiques et mixtes"
Partners: STMicroelectronics Grenoble / TIMA / Grenoble INP
ANRT / CIFRE Valérian CINCON project (Nov 05, 2018 - Nov 04, 2021)
"Etude et intégration de systèmes neuro-morphiques ultra basse consommation en technologie FD-SOI"
ANRT / CIFRE Lucas FERNANDEZ-BRILLET project (Mar 13, 2017 - Mar 12, 2020)
"Architectures intégrées 3D de réseaux de neurones CNN pour la vision embarquée"
Partners: STMicroelectronics (Grenoble 2) SAS
ANRT / CIFRE Riddhi J. SHAH project (May 11, 2017 - May 10, 2020)
"Etude et réalisation de démonstrateurs ayant une gestion dynamique du vieillissement pour les
applications exigeant une haute fiabilité"
Partners: STMicroelectronics SAS
ANRT / CIFRE Njoyah NTAFAM PERRIN project (Nov 23, 2014 - Nov 22, 2018)
"Nouvelles méthodes pour l'estimation en amont et au cours du développement de la performance du
logiciel"
Partners: STMicroelectronics
ANRT / CIFRE Sophie GERMAIN project (Nov 02, 2016 - Oct 31, 2019)
"EM spectrum control based on micropipeline circuits for NFC applications"
Partners: STMicroelectronics SA
ANRT / CIFRE Mohammed TMIMI project (Sep 25, 2017 - Sep 25, 2020)
"Nouvelle approche pour lien série en technologie FD-SOI 28nm CMOS avancée et au-delà"
Partners: STMicroelectronics / Laboratoire TIMA
ANRT / CIFRE Nicolas LECLAIRE project (Jan 02, 2018 - Jan 01, 2021)
"Architectures matérielles et logicielles pour l'accélération du "deep learning" sur multiprocesseur
évolutif embarqué"
Partners: STMicroelectronics (Grenoble 2) SAS

CARNOT
CARNOT / LA project (Nov 01, 2016 – Apr 01, 2018)
"Larynx Artificiel"
Ce projet a pour objectif de démontrer la faisabilité d’un larynx artificiel actif en se concentrant plus
particulièrement et dans un premier temps sur la déglutition.
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CEC
CEC / NANOxCOMP project (Dec 01, 2016 - Nov 30, 2019)
"Synthesis and performance Optimization of Switching Nano-crossbar Computer"
Partners: ITU (Istanbul Teknik Universitesi) / UMIL (Universita degli studi di Milano) / IROC Technologie SA /
KIT (Karlsruher Institut Für Technoligie), Germany / Grenoble INP
The main goal of this project is developing a complete synthesis and optimization methodology for switching
nanocrossbar arrays that leads to the design and construction of an emerging nanocomputer. New computing
models for diode, FET, and four-terminal switch based nanoarrays are developed. The proposed methodology
implements both arithmetic and memory elements, necessitated by achieving a computer, by considering
performance parameters such as area, delay, power dissipation, and reliability. With combination of arithmetic
and memory elements a synchronous state machine (SSM), representation of a computer, is realized. The
proposed methodology targets variety of emerging technologies including nanowire/nanotube crossbar arrays,
magnetic switch-based structures, and crossbar memories. The results of this project will be a foundation of
nano-crossbar based circuit design techniques and greatly contribute to the construction of emerging
computers beyond CMOS.

CEC-NATIONAL
CEC-NATIONAL / OCEAN 12 project (Apr 01, 2018 - Dec 31, 2021)
Opportunity to Carry European Autonomous driviNg further with FDSOI technology up to 12nm node
Partners: TIMA / RFIC-Lab / IMEP
OCEAN12 is a major “Opportunity to Carry European Autonomous driviNg further with FDSOI technology up
to 12nm node" and leverage Europe leadership on Automotive and aeronautics applications. OCEAN12 aims
to bring concrete technological solutions and corresponding demonstrators to the key societal challenge of
Smart mobility. Since the last few years, electronic components become more and more prevalent in the
automotive industry. Today they create a superior value for the final customer and represent an important
vector of differentiation in this industry. The share economy model, which drives innovation strategies in Smart
mobility, will further increase the need for safe, cost efficient, secure, reliable and un-hackable operations,
raising logically the proportion of electronics and software as a percentage of the total cost of a vehicle. Based
on the innovative FDSOI technology, OCEAN12 will develop new processors and applications designs that
leverage Fully Depleted Silicon On Insulator (FD-SOI) technology to offer the industry’s lowest power
consuming processor and components, especially for automotive and aeronautic applications.
CEC-NATIONAL / TARANTO project (Nov 13, 2017 - Jun 30, 2018)
RowARds Advanced bicmos NanoTechnology platforms for rf to thz applicatiOns
Partners: STMicroelectronics SA / Université Lille I / STMicroelectronics (Crolles 2) / Université Bordeaux /
Université Grenoble Alpes, XMOD Technologies, Université Montpellier
The TARANTO project targets to break the technological barriers to the development of next generation
BiCMOS technology platforms, combining improved radio-frequency performance of SiGe Heterojunction
Bipolar Transistors (HBT) with the high level of integration of advanced CMOS processes. The superior radiofrequency performance of SiGe HBTs compared to even most advanced CMOS technologies makes BiCMOS
technologies a key enabler for applications which require the combination of high-performance radiofrequency
(RF) front ends with the high computational power and low power consumption of advanced CMOS nodes.
Addressed marked segments include high-speed, high-data rate communication systems and intelligent
mobility systems that will be used in future fully automated transport systems. The main objectives of this
project will be the development HBTs offering high maximum oscillation frequency Fmax of 600 GHz and their
integration in high-density CMOS processes: 90nm at Infineon and 28nm at ST Microelectronics. The
performance and flexibility of the technologies shall be demonstrated by means of system demonstrators
including: high speed ADC and DAC for ultra-high speed optical communications, an advanced and scalable
radio transceiver frontend for a 5G capable massive MIMO system, and a mmW transceiver with integrated
beam steering functionality for inter-vehicle communication. The project consortium gathers the main
European players in the value chain for the targeted applications at very high frequencies, from laboratories
to industrial users, thus ensuring the highest scientific level and the ability to validate the work carried out on
appropriate demonstrators.
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EPST
EPST / E-BACCUS project (Oct 01, 2016 - Sep 30, 2018)
"Event-Based Control, Circuits and Processing towards Ultra-Low Power Consumption"
Partners: LJK / INRIA / GIPSA / CEA
The objective of this team is the ultra-low power consumption of electronic circuits. To do that we suggest to
study non-uniform event-driven sensors/actuators and parsimonious signal processing in systems. More
precisely, one of the objectives is to develop a low-power vision sensor. Such an electronic circuit will be
designed at the very beginning of the project. The second theme is about the optimal control of systems
equipped with converters. It asks to study non-smooth dynamical systems. For nonlinear control systems, the
possibility of updating the control inputs, only when some events occur, will be also investigated. Thus the
observation and the control of event-based dynamical systems will be also studied. These events may come
from a function of the state or of the measured output only. Finally two demonstrators will be built to illustrate
and combine all results obtained in the project. For all axis, optimization objectives will be tackled, as the
minimization of numbers of level-crossings that are necessary to recover a signal in a given class of signals.
The applications that we have in mind are embedded systems with ultra-low consumptions. More precisely,
the applications include event-driven architectures, as micro-electronic components. The practical applications
are medical ones, and minimization of electrical consumption for networks systems. The applications of the
event-triggered controls for nonlinear systems, or for non-smooth systems are the control of biomimetic robots
(as micro flying artificial insects) and mechanical systems with constraints of first or second order (as the
control of dynamical objects with shocks and constraints on the state variables). This theme is very natural in
the Labex Persyval-lab because some recent research results have been already obtained by some of the
partners, and this call for applications is the best opportunity to collect the efforts and to increase the research
efforts of the four partners. More precisely this team will study embedded systems containing distributed
control, and dynamic event-based components. Thus this team should be supported by the themes Modeling
and Simulating the physical world (SIM) and Pervasive Computing Systems (PCS) of Persyval-lab.
EPST / HEAVEN project (Jun 01, 2015 - Nov 30, 2018)
"Heterogenous Architectures : Versatile Exploitation and programing"
Partners: UGA (LIG – GIPSA - LJK Laboratories) / INRIA (LIP)
The main objective of this project is to improve the accessibility of heterogeneous architectures containing
FPGA accelerators to parallel application programmers. The proposed project focuses on three main aspects:
(1) Portability: we don’t want application programmers to redesign their applications completely to benefit from
FPGA devices. This means extending standard parallel programming environments like OpenMP to support
FPGA. Improving application portability also means leveraging most of the hardware-specific low-level
mechanisms at the runtime system level ; (2) Performance: we want our solution to be flexible enough to get
the most out of any heterogeneous platforms containing FPGA devices depending on specific performance
needs, like computation throughput or energy consumption for example ; (3) Experiments: Experimenting with
FPGA accelerators on real-life scientific applications is also a key element of our project proposal. In particular,
the solutions developed in this project will allow comparisons between architectures on real-life applications
from different domains like signal processing and computational finance. Efficient programming and
exploitation of heterogeneous architectures implies the development of methods and tools for system design,
embedded or not. The HEAVEN project proposal fits in the PCS research action of the PERSYVAL-lab.
EPST / PICS - Indie TEST project (Jan 01, 2017 - Dec 31, 2019)
"Indirect test solutions for analog, mixed-signal, and RF integrated systems"
The combination of indirect test and Built-In Self-Test (BIST) is a promising solution to mitigate the increasing
cost of testing complex mixed-signal integrated systems. Indirect test replaces complex specification
measurements by simpler signatures, and then uses modern data analysis algorithms to map these signatures
onto the specification space. Signatures can be efficiently monitored by simple on-chip test instruments that can
be integrated together with the system under test. Indirect test is then an interesting path to enable cost-effective
BIST for mixed-signal systems. This PICS project has the goal of developing reliable and accurate built-in indirect
test methods for complex mixed-signal systems. The project is structured into two interconnected research lines:
a) Combining causal inference techniques with feature selection and feature extraction algorithms for indirect
test, and b) Developing a feature-driven strategy for the definition of on-chip test instruments
EPST / PAUSE project (Mar 24, 2017 - Mar 23, 2018)
"Programme d'Aide à l'accueil en Urgence des Scientifiques en Exil"
Ce projet vise le développement d'une arithmétique dédiée qui participe à réduire la consommation sans pour
autant compromettre les performances du système. La consommation d'énergie est le facteur d'optimisation
incontournable d’aujourd’hui et de demain qui ne souffre désormais d’aucune négligence dans la quête de
systèmes embarqués toujours plus performants, portables, robustes et communicants. C’est dans ce contexte,
notamment dans le domaine en pleine expansion des objets connectés (ou Internet of Things (IoT)) que prend
place ce thème de recherche très important qui vise à trouver des solutions intégrées réduisant la
consommation.
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EPST / ALADDIn project (Jun 19, 2017 - Dec 31, 2018)
"Attaque Laser Avancée sur AES DDr Intégré"
Ce projet concerne la conception de circuits sécurisés destinés à des cartes à puce, et plus généralement la
conception de circuits mémorisant des données confidentielles (par exemple, une clé secrète de chiffrement)
et pouvant faire l'objet d'attaques malveillantes. Plusieurs types d'attaques sont connus, mais les deux types
d'attaques actuellement les plus menaçants en dehors des attaques purement informatiques sont les attaques
dites "matérielles" par "canaux auxiliaires" ou par "injection de fautes". Ce projet est focalisé sur le second
cas, où les attaques cherchent à perturber le fonctionnement du circuit en créant volontairement des erreurs
pour en déduire les informations secrètes et/ou contourner des protections.
EPST / SysAx project (Jun 19, 2017 - Dec 31, 2018)
"Systèmes auto adaptatifs pour le calcul approché"
Le projet SysAx a pour objectif de développer des méthodes et techniques de conception d'un système
"approximé" sur puce pour lui permettre de s'adapter à son environnement. Par exemple le signal d'entrée
peut devenir plus bruité, le niveau d'alerte de batterie atteint, le circuit peut donner des signes de baisse de
fiabilité, ... Le système devra alors pouvoir basculer d'un mode de précision à un autre automatiquement.
EPST / Microbayes (Jun 01, 2016 - Nov 30, 2019)
"Probabilistic Machines for Low-level Sensor Interpretation project"
Partners: LIG / GIPSA / IF / TIMA Laboratory
The development of modern computers is mainly based on increase of performances and decrease of size
and energy consumption. This incremental evolution is notable, but it involves no notable modification of the
basic principles of computation. In particular, all the components perform deterministic and exact operations
on sets of binary signals. These constraints obviously impede further sizable progresses in terms of speed,
miniaturization and power consumption. As detailed below, the goal of the MicroBayes project is twofold: (1)
to investigate a radically different approach to perform computations, namely stochastic computing using
stochastic bit streams. And (2) to show that stochastic architectures can outperform standard computers to
solve complex inference problems both in terms of execution speed and of power consumption. We will
evaluate stochastic machines on difficult Bayesian inference problems. Moreover we will demonstrate the
interest and feasibility of stochastic computing on two applications involving low-level information processing
from sensor signals.

EUREKA
EUREKA / HADES project (Apr 01, 2017 - Mar 31, 2020)
Partners: IROC Technologies / CNRS Languedoc Roussillon / Temento Systems / ISSM / Thalès
Communications & Security SAS / CEA (Commissariat à l'Energie Atomique et aux Energies Alternatives) /
STMicroelectronics (Grenoble 2) SAS / Université Paris VI / NXP Semiconductors France
The objective of the project is to create a hierarchical on-line test infrastructure that allows reutilization of the
same test programs though out all levels of hierarchy in an electronic equipment. This test infrastructure will
be based on standards like IEEE 1687 for larger systems and on SPI or I2C for smaller SoC devices. At the
same time a number of test instruments will be developed to be embedded in the chips to facilitate on line
testing and data collections to allow early fault detection, diagnose and repair. These test instruments could
indicate also circuit degradation even before a fault really occurs, and could be use to tune the circuit
performance to save power.

INDUSTRIE
INDUSTRIE / Thèse Grégoire GIMENEZ project (Oct 10, 2016 - Oct 10, 2020)
"Conception de circuits d’identification sécurisés basse consommation pour applications médicales"
Partners: Dolphin Integration / IC’Alps
INDUSTRIE / PYXCAD-2018 project (Jan 01, 2018 - Dec 31, 2018)
"Développement microélectronique pour des interfaces de mesure"
Partners: XDIGIT
Deux tâches sont réalisées dans ce projet : (1) développement microélectronique et réalisation de tests pour
le projet MASSAR, (2) développement d’interfaces microélectroniques de mesure pour le comptage de
photons.
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INTERNATIONAL
INTERNATIONAL LaserEffects project (Oct 01, 2015 - Sep 30, 2018)
"Valuating the Efficiency of New Transient- Fault Detection Techniques for Integrated Circuits under
Laser-Induced Fault Sources"
Partners: CMP / GC Gardanne / LIRMM Montpellier
This text presents a Ph.D. thesis proposal for the program “Sciences without Borders”. This project was
planned in cooperation with CMP (Gardanne) and TIMA Laboratory (Grenoble), both from France. The main
goal of this thesis is to evaluate the efficiency of transient-fault detection techniques that protect integrated
systems against natural and malicious perturbations such as radiation-induced effects and fault-injection
attacks. In the current Brazil scenario and in the era of a high demand for security and robustness to keep the
secret and reliability of nanotechnology applications like smartcards, this work will contribute for the formation
of a Brazilian expert in such an emergent and important field. The use of modern laser-induced fault sources,
which are not available in Brazil, will provide innovative contributions to make integrated circuits more secure
and robust.

MINISTERES-FUI
MINISTERES-FUI / CAPACITES project (Nov 01, 2014 - Jan 31, 2018)
"Logiciel embarqué objets connectés" CAlcul PArallèle pour Applications Critiques en Temps et
Sûreté"
Partners: Kalray / Airbus Operations
CAPACITES vise à émerger une plateforme matérielle et logicielle s'appuyant sur l'exploitation de processus
pluri-cœurs intégrés et de démontrer la pertinence de ces architectures pluri-cœurs et l'implémentation qu'en
fait KALRAY pour plusieurs applications industrielles.
MINISTERES-FUI / SPICA project (Mar 26, 2014 - Sep 30, 2017)
"Safety/Security-Oriented Post Instrumentation of Circuits with Assertions"
Partners: Université de Bretagne Sud / Dolphin Integration / STMicroelectronics Rousset SAS
Le projet SPICA vise une solution innovante pour les domaines de la vérification, de la sûreté et de la sécurité
des systèmes critiques. L'objectif est le développement de méthodes et outils pour l'instrumentation
automatique des systèmes sur puce complexes critiques par des composants dédiés à la vérification
d'exigences de bonne conception, la sécurisation du dispositif, et la détection de dysfonctionnements et de
malveillance en opération. L'originalité de l'approche proposée réside dans le fait qu'elle décline et exploite
des concepts similaires dans les trois principales composantes de la conception : le système global, le logiciel
embarqué, et les blocs matériels dédiés.
MINISTERES-FUI / LISA project (Mar 26, 2014 - Sep 25, 2017)
"Ultra low power Integrated circuit for Secure RF"
Partners: Dolphin Integration / Smart Packaging Solutions / Université d’Aix-Marseille / Morpho / Starchip
Le marché sans contact /dual interface est en pleine croissance dans les 3 principaux domaines : le transport,
l'identité et le bancaire. C'est l'industrie de la carte à puce des années 90 qui est à l'origine des produits sans
contact actuels (Puce, Module, Antenne, Inlay). Le projet LISA propose de finaliser ce processus et de
développer des objets sans contact, basée sur un nouveau module RF (13,56 Mhz/10 cm de portée) dual
interface intégrée (puce & antenne) compatible avec les infrastructures existantes (mêmes lecteur), sans
alimentation extérieure et compatible avec moyens actuels de production. Son objectif majeur est de diviser
par 10 le besoin énergétique des solutions actuelles à performances égales. A cette fin les partenaires se
fixeront comme sous objectifs de diviser par 5 la consommation de la puce et multiplier par 2 l'énergie
récupérée par l'antenne.
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REGION
REGION / SAFE-AIR project (Apr 10, 2017 - Sep 29, 2022)
"Safety Evaluation of Aircraft Systems using Virtual Platforms"
Confrontées à des exigences de certification de plus en plus contraignantes en termes de sûreté de
fonctionnement, les entreprises notamment dans le domaine des transports recherchent de nouvelles
méthodes pour évaluer la robustesse des systèmes intégrés numériques complexes. En particulier nos
partenaires industriels dans ce projet, THALES Valence et AEDvices consulting, s’intéressent à la robustesse
des systèmes de vol utilisés en aéronautique. En effet, ces systèmes intégrés, du fait de l’évolution des
technologies, sont de plus en plus sensibles aux perturbations causées par exemple par les particules
atmosphériques ou d'autres phénomènes environnementaux. Plusieurs méthodes sont bien établies pour
évaluer la sûreté des systèmes électroniques. Les analyses d’arbres de fautes (« Fault Tree Analysis » FTA)
et les analyses des modes de défaillances (« Failure Mode Effect Analysis » FMEA) en sont deux exemples.
Cependant, les organismes de certification imposent aux constructeurs de garantir par des méthodes de plus
en plus rigoureuses (et déterministes) la robustesse de leurs systèmes. De nombreux standards imposent
aujourd'hui une évaluation de sûreté fonctionnelle, en fonction du domaine d'application. On peut citer le IEC
61508 pour les équipements électroniques industriels, le DO-254 pour l'avionique, l'ISO 26262 pour
l'automobile, l'ISO 60601 pour le médical, … Ainsi, notre projet vise une évaluation plus précise du niveau de
robustesse réel des systèmes numériques complexes, très tôt dans le développement. Réaliser une évaluation
précise très tôt dans le développement permet d'éviter des corrections tardives coûteuses et d'améliorer très
sensiblement le temps de mise sur le marché, conduisant à augmenter considérablement la productivité. Elle
permet aussi de concevoir des protections au « juste coût » ni « sur » ni « sous » dimensionnées. Au-delà des
systèmes aéronautiques et des systèmes de transport en général (automobile ferroviaire), les résultats de ce
projet intéressent TOUS les systèmes intégrés utilisés dans les applications critiques : systèmes de
générations d’énergie (centrale nucléaire), implants médicaux ou encore systèmes pour l'internet (routeurs)…
Tous les acteurs ayant besoin de respecter l'un de ces standards pourront bénéficier de l'approche que nous
proposons pour anticiper leurs certifications. Le projet proposé s’appuie sur une méthode d’analyse multiniveau, c’est-à-dire prenant à la fois en compte l’effet des perturbations sur les composants matériels et
également la propagation des erreurs dans le système, que ce soit à l'intérieur du composant lui-même ou au
niveau plus général de l'équipement. Les méthodes et outils développés permettront de mieux cibler la mise
en place de solutions ou contremesures efficaces (soit au niveau équipement, soit au niveau composant) pour
garantir la robustesse de l’intégralité d'un équipement dès la phase de conception des composants matériels.
Notre proposition vise à réduire le fossé qui existe aujourd'hui entre le niveau composant (circuit ou système
intégré) et le niveau équipement (produit global). La première contribution du projet est l’utilisation d’une
modélisation de l'équipement sous la forme d'une plateforme dite "virtuelle", permettant de créer un modèle
exécutable du système complet, incluant le composant en cours de développement. Cette modélisation de
haut niveau du système (modélisation conjointe du logiciel et du matériel) permettra de prendre en compte la
propagation des erreurs en sortie du composant dans tout le système. Elle s'appuiera sur plusieurs approches
complémentaires, en exploitant les compétences et connaissances antérieures du LCIS et de TIMA. La
seconde contribution du projet est la génération de nouveaux modèles de fautes au niveau système à partir
des simulations des composants. Ces modèles de fautes seront plus réalistes que des modèles générés
directement au niveau système. Le fait de s’affranchir des simulations des composants matériels lors de la
simulation du système permettra d’augmenter la vitesse des simulations. La dernière contribution que nous
proposons est l’utilisation d’un nouveau modèle de fautes. Récemment dans le cadre du projet ANR LIESSE
(dans lequel le LCIS et le TIMA étaient partenaires) a été proposé un modèle de fautes spécifique permettant
de modéliser l’effet des attaques laser sur les composants matériels. Ce modèle de fautes qui prend en compte
les propriétés de localité des attaques laser peut être réutilisé pour modéliser plusieurs types de perturbations,
dont l’effet des particules atmosphériques sur les composants matériels. Ce projet est pour nos entreprises
partenaires une opportunité de valorisation de ces résultats de l’ANR LIESSE. Ce projet s’inscrit dans les
domaines d’excellence « NUMERIQUE » et « MOBILITE, SYSTEMES DE TRANSPORT INTELLIGENTS »
de la région. Il s’inscrit aussi dans le pôle de compétitivité MINALOGIC. Finalement, les outils et méthodes
développés dans le cadre de ce projet contribueront à développer les techniques utilisées par THALES
Valence et à ouvrir un nouveau champ connexe (l’analyse de la tolérance aux fautes) à l’offre d’AEDvices
consulting.
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REGION / COOPERA project (Nov 15, 2017 - Dec 31, 2018)
"Capteurs de gaz basés sur le champ électromagnétique"
L'objectif de ce projet est principalement le développement de capteurs environnementaux (température,
humidité, gaz) bas coût utilisant des circuits RF. Les technologies de détection disponibles sur le marché, à
savoir, catalytique, électrochimique, à oxyde métallique, à conductivité thermique, à semi-conducteur ainsi
que la technologie optique ne répondent pas aux exigences des industriels en matière de performances et de
fiabilité, notamment, en termes de vitesse de réponse, de stabilité en température, de plage de détection, de
robustesse mais également en termes de coût [1-2]. Cet écart entre les spécifications requises des
technologies de capteurs et les produits disponibles démontre le besoin urgent de développer de nouvelles
technologies plus performantes et fiables avec comme principaux objectifs intermédiaires : la réduction de la
consommation requise, la diminution de la taille, l'amélioration de la robustesse et la baisse des coûts. Les
capteurs réalisés dans le cadre de ce projet de recherche permettront à terme de répondre aux besoins et aux
exigences de l'industrie en termes de performances, de robustesse et de fiabilité. Ceci permettra de combler
l'écart qui existe actuellement entre les spécifications exigées par les industriels et les technologies disponibles
sur le marché. L'objectif final est d'adapter la technologie proposée à base de SW-SIW (pour « Slow-wave
SIW) pour les différentes applications visées afin de pouvoir exploiter de façon optimale les nombreux
avantages offerts par cette technologie innovante. Ainsi, la mise en place de solutions innovantes en capteurs
permettra de pallier aux faiblesses des capteurs commerciaux actuels. Afin de pouvoir atteindre les objectifs
fixés dans ce projet de recherche, plusieurs outils seront exploités à différentes étapes du projet. Des études
bibliographiques et théoriques approfondies, de solides modèles de simulation ainsi que divers outils de
caractérisation seront ainsi exploités. À la base le LMST a développé des connaissances approfondies sur les
SIW, ces connaissances ont valu à l'équipe de (FD) une reconnaissance sur la scène internationale qui s'est
traduite par l'acceptation d'un brevet d'invention ainsi que la publication de plusieurs articles dans des revues
et conférences internationales [3-4]. En parallèle, l'équipe de (PF) au sein de l'IMEP-LAHC a inventé la
technologie SW-SIW pour le développement de circuits ultra-compact et performants [5]. Ceci de l'équipe le
leader au niveau mondial quant à la compréhension approfondie de cette technologie, sa structure ainsi que
son principe de fonctionnement. Les 40 publications et communications internationales ainsi que les trois
brevets réalisés par l'équipe de l'IMEP-LAHC depuis 2009 sur le concept d'ondes lentes qui sera mis en œuvre
au sein de ce projet viennent témoigner des connaissances et de la reconnaissance internationale acquises
sur le sujet. Aussi, de solides modèles électromagnétiques validés par des résultats expérimentaux réalisés
par l'équipe de l'IMEP-LAHC viennent compléter admirablement la riche base d'outils disponibles au sein du
laboratoire de (PF), permettant d'atteindre les objectifs fixés initialement dans ce projet de recherche. À terme,
les capteurs développés dans ce projet de recherche permettront de contrôler la concentration des gaz
polluants dans l'atmosphère et ainsi de pouvoir faire face à la pollution atmosphérique, de plus en plus
alarmante. Ceci permet ainsi de préserver à la fois l'environnement et la nature pour les générations futures.
Ainsi, par le biais de ce projet, une contribution considérable sera apportée à l'amélioration de la santé et du
bien-être des personnes.
REGION / Convertisseur temps numérique project (Jan 01, 2017 - Dec 31, 2018)
"Dispositif microélectronique ultra-précis de mesure de temps basé sur l'oscillateur en anneau autoséquencé"
Partners: Institut National des Postes et Télécommunications (Maroc)
This project is a continuation of the work previously initiated within the framework of the COOPERA project n
° 1500546501 started in 2015. A new fully digital high resolution time to- digital converter (TDC) based on a
self-timed ring oscillator (STR) is presented. The proposed TDC can virtually achieve as fine as desired time
resolution by simply increasing its number of stages thanks to the STR unique features. Moreover, the
proposed technique allows on-the-fly time measurement on fast non-periodic signals. The TDC has been
designed using 28 nm FDSOI CMOS technology to provide a proof of concept of the proposed method.
Simulation results point out the advantages of this TDC in terms of compactness and measurement accuracy.
The principle of this innovative system and the obtained results have been published in two international
conferences EFTF-IFCS 2017 [1] and NEWCAS 2017 [2]. Another journal publication is in preparation. The
goal of this project is the hardware validation of the proposed architecture, already validated theoretically and
by simulation. Firstly, by its implementation on an FPGA device, which will allow a relatively fast and modular
hardware validation of the principle. Then, by designing and manufacturing of a testchip in CMOS technology
to completely validate this innovative concept. We also wish to study the use of this device in specific
applications in order to target possible industrial transfer. We have already contacts with companies in the
region interested such a system, in particular by the very precise measurement of the time of flight of a
radiofrequency wave for geolocation application or for high-performance analog-digital conversions. [1] A. ElHadbi, A. Cherkaoui, O. Elissati, and L. Fesquet, High Precision Time Measurement using a Self-timed Ring
Oscillator based TDC, 2017 Joint 31st European Frequency and Time Forum & 71st IEEE International
Frequency Control Symposium (EFTF/IFCS), Besançon, France, 2017. (Accepted) [2] A. El-Hadbi, A.
Cherkaoui, O. Elissati, J. Simatic, and L. Fesquet, On-the-fly and Sub-Gate-Delay Resolution TDC based on
Self-Timed Ring: A Proof of Concept, in 2017 12th IEEE International New Circuits and Systems Conference
(NEWCAS), Strasbourg, France, 2017.
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REGION / OVNIPROM project (Nov 01, 2017 - Dec 31, 2018)
"Développer et valider l'ordinateur de bord d'un nanosatellite"
Partners: Université Concordia (Canada)
Le but principal de ce projet est l'implémentation de l'ordinateur de bord d'un nano-satellite dans un processeur
ayant des nombreux cores de calcul ce qui permettra atteindre la performance et la fiabilité requises. Le
processeur choisi comme cible a été le MPPA, dont la version appelée Bostan a 256 cores, circuit fabriqué
par l'entreprise grenobloise KALRAY. Ce processeur étant au cœur des activités du projet CAPACITES (Calcul
Parallèle pour Applications Critiques en Temps et Sûreté) financé dans le cadre de LEOC (Logiciel Embarqué
et Objets Connectés) dans lequel TIMA est partenaire, a déjà fait l'objet de campagnes de test sous radiations
qu'ont mis en évidence sa sensibilité intrinsèque et l'efficacité des techniques de tolérance aux fautes
implémentées dans le cadre des deux dernières thèses soutenues à TIMA et dirigées par Dr. Raoul Velazco.
La contribution significative et l'objectif principal du projet OVNIPROM sera le développement de l'ordinateur
de bord d'un nanosatellite dans le MPPA. Les diverses applications nécessaires pour les activités à bord du
nanosatellites (contrôle d'attitude, télécommunication, traitement d'images, contrôle de l'énergie, etc...)
pourront être implémentées dans le MPPA, bénéficiant de la multiplicité de cores. Bien entendu deux
paramètres significatifs seront considérés lors de l'implémentation: la performance requise pour certaines des
applications mentionnées, et la tolérance aux fautes de celles en relation étroite avec la fiabilité, ceci pour
garantir les objectifs du nanosat et assurer une durée de vie la plus longue possible.
REGION / FAIR project (Mar 20, 2018 - Jun 15, 2023)
Conception et fabrication par Fabrication Additive de produits Intelligents
Partners: GSCOP et TIMA
Les produits intelligents sont des composants essentiels de l’industrie 4.0. Ces produits sont capables de
fournir des informations relatives à leur état ou à leur environnement voir permettre une interaction entre
l’entreprise et le produit. Quelles technologies de fabrication sont capables de réaliser de tels produits, en
intégrant les contraintes de réduction des coûts et des délais de fabrication ? Les nouvelles technologies de
fabrication comme la Fabrication Additive (FA) permettent d’envisager la réalisation de produits intelligents.
Le principe généralement retenu consiste à placer des capteurs et/ou des actionneurs (appelés devices) au
sein du produit afin de suivre et/ou contrôler son comportement durant la phase d’utilisation L’objectif à l’issu
du projet est de proposer un pré-démonstrateur permettant d’évaluer les possibilités techniques d’utiliser les
technologies de Fabrication Additive afin de réaliser des produits métalliques intelligents d’une part et le
déploiement potentiel dans le monde industriel d’autre part. Pour cela, une démarche permettant d’intégrer
dès la conception des capteurs et/ou actionneurs au sein d’un produit fabriqué par une technologie WAAM
(Wire and Arc Additive Manufacturing) sera proposée. Les procédés de fabrication WAAM utilisent un arc
électrique pour fusionner un métal d’apport sous forme de fil. La pièce 3D est ainsi générée par empilement
de cordons de soudure à partir de tout type de matériau soudable. Les procédés WAAM présentent l’avantage
d’être plus productifs et moins onéreux que les autres technologies de FA. En utilisant ces procédés, l’insertion
des devices dans la pièce en cours de construction est également facilitée. Le partenariat est composé des
laboratoires grenoblois G-SCOP et TIMA (CNRS, Grenoble INP, Université Grenoble Alpes). G-SCOP
possède des compétences en fabrication additive métallique, des activités de recherche sur cette thématique
y sont menées depuis 2012. En 2017, des travaux plus spécifiques aux procédés WAAM ont démarré avec
l’acquisition par le pôle S.MART Dauphiné Savoie d’une cellule de soudage robotisée sur laquelle
s’appuierons les essais réalisés au cours de ce projet. Un des axes de recherche de TIMA concerne la
conception, la fabrication et le test de dispositifs, circuits et systèmes intégrés et l'activité principale se
concentre sur la minimisation de l'énergie et la miniaturisation de composants et systèmes. 2 Les principaux
verrous scientifiques liés à cette intégration et qui restent à lever sont : rendre compatible une technologie de
fabrication additive avec l’insertion de devices dans un produit au cours de sa réalisation, préparer le/les
devices pour permettre leur intégration dans le produit avec la technologie retenue (opérations de packaging)
et conserver les performances des devices après leur intégration. Ce projet répond à des interrogations
d’industriels de la région Auvergne Rhône-Alpes qui soutiennent le projet : Caterpillar veut tester la technologie
pour la réalisation de crochets de levage intelligents; ART est une PME spécialiste du rechargement métallique
qui envisage d'étendre ses activités vers la fabrication additive de pièces métalliques intelligentes.
REGION / CMIRA 2016 - COOPERA project (Jun 01, 2016 - Dec 31, 2018)
"Projet de recherche sur les microdispositifs acoustiques pour les prothèses auditives intraauriculaires"
Partners: Politecnico di Torino (Italie)
Projet de recherche sur les microdispositifs acoustiques pour les prothèses auditives intra-auriculaires.
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International activities
This section gives an overview of international activities in which the members of the Laboratory participated.

International collaborations in 2018
The Laboratory is engaged or has been recently engaged in a number of cooperations. They are listed below.
These cooperations took various forms, e.g. extended visits of researchers at the cooperative location,
organization of joint research, organization of workshops, etc.
International collaborations that are carried in the frame of a formal contract are listed in the Contracts section.
AMfoRS team (Architectures and Methods for Resilient Systems)
Collaboration Académique avec mobilité
Team: AMfoRS
Scientific Manager: PORTOLAN M.
Partners: Politecnico di Torino
City: Torino
Country: ITALY
Start the: Jun 18, 2018 until Dec 17, 2018
Professeur Invité au Politecnico di Torino
Team: AMfoRS
Scientific Manager: PORTOLAN M.
Partners: Politecnico di Torino
City: Torino
Country: ITALY
Start the: Dec 18, 2018 until Jun 17, 2019
CDSI team (Circuits, Devices and System Integration)
Modeling, design and characterization of electroacoustic micro-machined transducers
Team: CDSI
Scientific Manager: RUFER L.
Partners: Czech Technical University, Faculty of Electrical Engineering
City: Prague
Country: CZECH REP.
Start the: Jan 01, 2003 until Dec 31, 2019
High Frequency MEMS Sensor for Aeroacoustics Measurements
Team: CDSI
Scientific Manager: RUFER L.
Partners: Hong Kong University of Science & Technology (HKUST)
City: Hong Kong
Country: CHINA
Start the: Jan 05, 2004 until Dec 31, 2019
MEMS Technology for Acoustic Devices
Team: CDSI
Scientific Manager: RUFER L.
Partners: HKUST (Hong Kong University of Science & Technology)
City: Hong Kong
Country: CHINA
Start the: Jan 05, 2004 until Dec 31, 2019
Limits to thermal actuation in high frequency micromechanical resonators for sensing and timing
applications (NATRES)
Team: CDSI
Scientific Manager: RUFER L.
Partners: CityU (University of Hong Kong) - Dept. of El. Eng
City: Hong Kong
Country: CHINA
Start the: Mar 01, 2005 until Dec 31, 2019
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MEMS resonators and ultrasonic transducers
Team: CDSI
Scientific Manager: RUFER L.
Partners: City University of Hong Kong (CityU)
City: Hong Kong
Country: CHINA
Start the: Mar 01, 2005 until Dec 31, 2019
Acoustic Microdevices for Hearing Aids
Team: CDSI
Scientific Manager: RUFER L.
Partners: Politecnico di Torino
City: Torino
Country: ITALY
Start the: Jan 01, 2013 until Dec 31, 2019
Microstructures Integration to Sensors for Telemedicine Networks (MISETEN)
Team: CDSI
Scientific Manager: RUFER L.
Partners: Politecnico di Torino
City: Torino
Country: ITALY
Start the: Jan 01, 2013 until Dec 31, 2019
MEMS-based micro-speaker in polymer technology
Team: CDSI
Scientific Manager: RUFER L.
Partners: University of Electronic Science and Technology of China
City: Chengdu
Country: CHINA
Start the: Jan 01, 2016 until Dec 31, 2019
MEMS for Mechanobiology
Team: CDSI
Scientific Manager: RUFER L.
Partners: University of Brescia
City: Brescia
Country: ITALY
Start the: Jan 01, 2017 until Dec 31, 2019
Secure and Self-Aware Multi-core Systems (SSAMS) International Cooperation Project
Team: CDSI
Scientific Manager: POSSAMAI BASTOS R.
Partners: PUCRS (Pontifícia Universidade Católica do Rio Grande do Sul)
City: Porto Allegre
Country: BRAZIL
Start the: Jan 01, 2018 until Dec 31, 2020
Applications and Algorithms in Artificial Intelligence on Self-Driving Cars and Fault-Tolerance
Techniques to Detect and Correct Errors and Attacks
Team: CDSI
Scientific Manager: POSSAMAI BASTOS R.
Partners: UFRGS (Universidade Federal do Rio Grande do Sul)
City: Porto Allegre
Country: BRAZIL
Start the: Apr 01, 2018 until Dec 31, 2019
Built-in Sensors for Reliable, Secure, and Low-Power Integrated Circuits
Team: CDSI
Scientific Manager: POSSAMAI BASTOS R.
Partners: DFKI (German Research Center for Artificial Intelligence)
City: Bremen
Country: GERMANY
Start the: Apr 01, 2018 until Dec 31, 2019
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Evaluation of Multicore Systems Soft Error Reliability
Team: CDSI
Scientific Manager: POSSAMAI BASTOS R.
Partners: Loughborough University
City: LOUGHBOROUGH
Country: UNITED KINGDOM
Start the: Apr 01, 2018 until Dec 31, 2019
Infrastructure for Secure, Reliable, and Low-Power Computing Systems
Team: CDSI
Scientific Manager: POSSAMAI BASTOS R.
Partners: PUCRS (Pontifícia Universidade Católica do Rio Grande do Sul)
City: Porto Allegre
Country: BRAZIL
Start the: Nov 01, 2018 until Oct 31, 2022
SLS team (System Level Synthesis)
NUSANTARA Project - Efficiency of Reconfigurable Devices in Cryptography
Team: SLS
Scientific Manager: ROUSSEAU F.
Partners: Arif SASONGKO - Electronics Research Group, SEEI ITB
City: Bandung
Country: INDONESIA
Start the: Feb 01, 2018 until Dec 31, 2019
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Organisation and participation of International Conferences, Workshops, Forums in 2018
In the following table, TIMA’s researchers were involved in the organization of the listed events.
Acronym

Title

Location

ADTC

Nanoelectronics, Applications, Design
Technology Conference (ADTC'2018)

AQTR

International Conference on Automation,
Quality and Testing, Robotics (AQTR'2018)
24th IEEE International Symposium on
Asynchronous Circuits and Systems (ASYNC
'2018)
DATE Fringe Workshop on Approximate
Computing (AxC'2018)

ASYNC
AxC

&

Grenoble
(MINATEC),
FRANCE
Cluj
Napoca,
ROMANIA
Wien, AUSTRIA
Dresden,
GERMANY

CENICS

11th International Conference on Advances
in Circuits, Electronics and Micro-electronics
(CENICS'2018)

Venice, ITALY

CS2

5th Workshop on Cryptography and Security
in Computing Systems (CS2'2018)

Manchester,
UNITED KINGDOM

DATE

Design, Automation & Test in Europe
(DATE'2018)

DCIS

33rd Conference on Design of Circuits and
Integrated Systems (DCIS'2018)

DDECS

DFT
DSC
DTIS
EBCCSP

ETS

FDL
FEDfRo
GLSVLSI
ICCD
ICM

21st IEEE International Symposium on
Design and Diagnostics of Electronic Circuits
and Systems (DDECS'2018)

31st IEEE International Symposium on
Defect and Fault Tolerance in VLSI and
Nanotechnology Systems (DFT'2018)
IEEE Conference on Dependable and Secure
Computing (DSC'2018)
13th IEEE International Conference on
Design & Technology of Integrated Systems
in Nanoscale Era (DTIS'2018)
4th International Conference on Event-Based
Control,
Communication
and
Signal
Processing (EBCCSP'2018)

Dresden,
GERMANY

Lyon, FRANCE

Budapest,
HUNGARY

Chicago
USA

Role
steering
member

committee

VATAJELU E.I.

technical
program
committee

FESQUET L.

technical
program
committee
industry/research
committee
technical
program
committee
technical
program
committee
interactive
presentations chair
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
topic chair
technical
program
committee

Kaohsiung - Taiwan,
CHINA

technical
program
committee
technical
program
committee
topic chair

Perpignan, FRANCE

PETROT F.

technical
program
committee

(Illinois),

Taormina, ITALY

Name

technical
program
committee

VATAJELU E.I.
FESQUET L.
FESQUET L.
MAISTRI P.
PETROT F.
PIERRE L.
VATAJELU E.I.
VATAJELU E.I.
BARRAGAN M.
LEVEUGLE R.
PIERRE L.
BARRAGAN M.
ANGHEL L.
LEVEUGLE R.
VATAJELU E.I.
VATAJELU E.I.
FESQUET L.

publicity chair
steering committee
member
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee

VATAJELU E.I.

Platja d'Aro, SPAIN

general chair

NICOLAIDIS M.

Chicago, USA

technical
program
committee

VATAJELU E.I.

37th IEEE International Conference on
Computer Design (ICCD'2018)

Abu Dhabi, UNITED
ARABIAN
EMIRATES

technical
program
committee

VATAJELU E.I.

30th
International
Conference
Microelectronics (ICM'2018)

Sousse, TUNISIA

special session chair
technical
program
committee

23rd IEEE
(ETS'2018)

European

Test

Symposium

Forum on specification & Design Languages
(FDL'2018)
3rd IEEE Federative Event on Design for
Robustness (FEDfRo'2018)
29th Great Lakes Symposium on VLSI
(GLSVLSI'2018)

on

Bremen, GERMANY

Munich, GERMANY
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ANGHEL L.
BARRAGAN M.
LEVEUGLE R.
MIR S.
PAPAVRAMIDOU P.
VATAJELU E.I.
PIERRE L.

SIMEU E.
MIR S.

Acronym

Title

Location

Role
finance chair
finance chair
general chair
local organization

IOLTS

ISCAS
ISVLSI
ITC

24th IEEE International Symposium on OnLine Testing and Robust System Design
(IOLTS'2018)

IEEE International Symposium on Circuits &
Systems (ISCAS'2018)
IEEE Computer Society Annual Symposium
on VLSI ( ISVLSI'2018)
IEEE
International
(ITC'2018)

Test

Conference

Costa Brava, SPAIN

Florence, ITALY
Hong Kong, CHINA
Phoenix
USA

(Arizona),

IVSW

3rd International Verification and Security
Workshop (IVSW'2018)

Costa Brava, SPAIN

LASCAS

9th IEEE Latin American Symposium on
Circuits and Systems (LASCAS'2018)

Puerto
MEXICO

LATS

19th IEEE Latin-American Test Symposium
(LATS'2018)

Vallarta,

Sao Paulo, BRAZIL

MEMOCODE

16th ACM-IEEE International Conference on
Formal Methods and Models for System
Design (MEMOCODE'2018)

Beijing, CHINA

MPSoC

18th International Forum on MPSoC for
Software - defined Hardware (MPSoC'2018)

Snowbird
USA

NANOARCH

14th ACM/IEEE International Symposium on
Nanoscale Architectures (NANOARCH'2018)
28rd International Workshop on Power And
Timing
Modeling,
Optimization
and
Simulation (PATMOS'2018)
18th International Conference on Micro and
Nanotechnology for Power Generation and
Energy
Conversion
Applications
(POWERMEMS'2018)
14th Conference on PhD Research in
Microelectronics
and
Electronics
(PRIME'2018)
29th IEEE International Symposium on Rapid
System Prototyping (RSP'2018)

PATMOS
POWERMEMS
PRIME
RSP

(Utah),

Athens, GREECE

local organization
local organization
publication chair
steering committee
member
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
steering committee
member
technical
program
committee
technical
program
committee
technical
program
committee
technical
program
committee
europe liaison
finance chair
technical
program
committee
technical
program
committee

Name
ANGHEL L.
VELAZCO R.
NICOLAIDIS M.
FOURNERET-ITIÉ
A.-L.
SIMEU E.
ZERGAINOH N. - E.
PAPAVRAMIDOU P.
NICOLAIDIS M.
ANGHEL L.
BARRAGAN M.
BENABDENBI M.
LEVEUGLE R.
MIR S.
NICOLAIDIS M.
PAPAVRAMIDOU P.
SIMEU E.
VELAZCO R.
ZERGAINOH N. - E.
BARRAGAN M.
VATAJELU E.I.
ANGHEL L.
VATAJELU E.I.
LEVEUGLE R.
VATAJELU E.I.
MIR S.
POSSAMAI
BASTOS R.
VELAZCO R.
LEVEUGLE R.
MIR S.
POSSAMAI
BASTOS R.
MORIN-ALLORY K.
PETROT F.
ROUSSEAU F.
PETROT F.
ANGHEL L.

Costa Brava, SPAIN
Daytona
Beach
(Florida), USA

steering committee
member
technical
program
committee

Prague,
REP.

technical
program
committee

VATAJELU E.I.

general chair

ROUSSEAU F.

CZECH

Torino, ITALY

International activities - 127

BASROUR S.
BASROUR S.

Acronym

Title

Location

Role
technical
program
committee

SBCCI

31th Symposium on Integrated Circuits and
Systems Design (SBCCI'2018)

Bento
Gonçalves,
Rio Grande do Sul,
BRAZIL

SERESSA

14th International School on the Effects of
Radiation on Embedded Systems for Space
Applications (SERESSA'2018)

Noordwijk,
NETHERLANDS

co-general chair

SIGNAL

3rd International Conference on Advances in
Signal, Image and Video Processing
(SIGNAL'2018)

Nice, FRANCE

steering committee
member
technical
program
committee

SMACD
TESTA
TSS
TVHSAC

VLSI-SoC

VTS

WAX

15th International Conference on Synthesis,
Modeling, Analysis and Simulation Methods
and
Applications
to
Circuit
Design
(SMACD'2018)
3rd International Test Standards Application
Workshop (TESTA'2018)

FESQUET L.
FESQUET L.
BARRAGAN M.

Bremen, GERMANY

local organization
program chair

PORTOLAN M.
PORTOLAN M.

Test Spring School (TSS'2018)

Langwedel,
GERMANY

general chair

ANGHEL L.

5th IEEE International Workshop on Test and
Validation of High Speed Analog Circuits
(TVHSAC'2018)

Phoenix
USA

program chair

BARRAGAN M.

special session chair
steering committee
chair
technical
program
committee
topic co-chair
topic co-chair
topic co-chair
publication chair
steering committee
member
technical
program
committee
technical
program
committee
technical
program
committee
vice-general co-chair

MORIN-ALLORY K.

36th IEEE VLSI Test Symposium (VTS'2018)

Workshop on Approximate Computing
Across the Stack (co-located with ASPLOS
conference) (WAX'2018)

CZECH

VELAZCO R.

technical
program
committee

26th IFIP/IEEE International Conference on
Very Large Scale Integration (VLSISoC'2018)

Prague,
REP.

track chair

Name
POSSAMAI
BASTOS R.
POSSAMAI
BASTOS R.

(Arizona),

Verona, ITALY

San Francisco (CA),
USA

Williamsburg
USA

(VA),

technical
program
committee

Participation to Societies and Working Groups in 2018
§ Dominique BORRIONE: member of IFIP Working Group 10.5
§ Salvador MIR: Member of IFIP Working Group 10.5
§ Salvador MIR: Member of IEEE Test Technology Technical Council
§ Salvador MIR: Member Scientific Council IMS Laboratory
§ Salvador MIR: Member Scientific Council LIRMM Laboratory
§ Michael NICOLAIDIS: Past chair of TTTC (Test Technology Technical Council)
§ Libor RUFER: Member of The Acoustical Society of America, USA (ASA) since 2018
§ Libor RUFER: Member of The Institute of Electronics and Electrical Engineers (IEEE):
– Senior Member since 2006
– Member: 2003 - 2006
§ Libor RUFER: Member of The Audio Engineering Society, USA (AES) since 2003
§ Libor RUFER: Member of Société Française d’Acoustique (SFA) since 1993
§ Ioana VATAJELU: Member of IEEE Test Technology Technical Council
§ Most researchers of the Laboratory are IEEE members
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MIR S.
VATAJELU E.I.
BARRAGAN M.
MIR S.
MORIN-ALLORY K.
VATAJELU E.I.
NICOLAIDIS M.
BARRAGAN M.
MIR S.
VATAJELU E.I.
ANGHEL L.
VATAJELU E.I.

Awards and distinctions in 2018
AMfoRS team (Architectures and Methods for Resilient Systems)
October 9, 2018 - IFIP WG 10.5 Meritorious Service Award for Dominique BORRIONE
The IFIP WG 10.5 Meritorious Service Award has been given to Mrs Dominique BORRIONE "for continued
services to IFIP ans the Working Group on Design and Engineering of Electronic Systems"
She was awarded during VLSI-SoC'2018 (26th IFIP/IEEE International Conference on Very Large Scale
Integration)
Date: October 8-10, 2018
Place: Verona (ITALY)
CDSI team (Circuits, Devices and System Integration)
May 16, 2018 - Best Paper Award at ASYNC'2018 (Vienna, AUSTRIA)
Best Paper Award at ASYNC'2018 (24th IEEE International Symposium on Asynchronous Circuits and
Systems)
Date: May 13-16, 2018
Place: Vienna (AUSTRIA)
Title: "Static Timing Analysis of Asynchronous Bundled-data Circuits"
Authors: Grégoire GIMENEZ (TIMA-CDSI), Abdelkarim CHERKAOUI (TIMA-CDSI), Guillaume COGNIARD,
Laurent FESQUET (TIMA-CDSI)
May 24, 2018 - Best Paper Award at SIGNAL'2018 (Nice, FRANCE)
Best Paper Award at SIGNAL'2018 (3rd International Conference on Advances in Signal, Image and Video)
Date: May 20 - 24, 2018
Place: Nice (FRANCE)
Title: "Shaping Electromagnetic Emissions of Event-Driven Circuits Thanks to Genetic Algorithms"
Authors: Sophie GERMAIN (TIMA-CDSI), Sylvain ENGELS (TIMA-CDSI), Laurent FESQUET (TIMA-CDSI)
RMS team (Reliable Mixed signal Systems)
June 1, 2018 - Best Paper Award at ETS'2018 (Bremen, GERMANY)
Best Paper Award at ETS'2018 (23rd IEEE European Test Symposium)
Date: May 28 - June 01, 2018
Place: Bremen (GERMANY)
Title: "Assisted test design for non-intrusive machine learning indirect test of millimeter-wave circuits"
Authors: Authors: Florent CILICI (TIMA-RMS), Manuel BARRAGAN (TIMA-RMS), Salvador MIR (TIMA-RMS),
Estelle LAUGA-LARROZE (RFIC-Lab), Sylvain BOURDEL (RFIC-Lab)
SLS team (Reliable Mixed signal Systems)
July 11, 2018 - Best paper Award at RECOSOC'2018 (Lille, FRANCE)
Best paper Award at RECOSOC'2018 (13th International Symposium on Reconfigurable Communicationcentric Systems-on-Chip)
Date : July 9-11, 2018
Place : Lille (FRANCE)
Title : An FPGA target for the StarPU heterogeneous runtime system
(pp. 1-8 / DOI: 10.1109/ReCoSoC.2018.8449373)
Authors : Georgios CHRISTODOULIS (TIMA, SLS team), Manuel SELVA (TIMA, SLS team), François
BROQUEDIS (LIG), Frédéric DESPREZ (INRIA), Olivier MULLER (TIMA, SLS team)
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Educational tasks
Dealing with problems risen by advanced technologies and proposing advanced design and test
methodologies, TIMA’s members are, as a matter of fact, very concerned in growing public awareness of these
topics. Continuing education is the principal form of advanced knowledge dissemination achieved by the
Laboratory, and many teaching sessions have been given to industry (engineers) and academy (teachers and
post-graduate students) people.

Open Seminars at TIMA in 2018
In addition to internal seminars, the Laboratory regularly publicises talks given by our visiting researchers.
Grenoble academic and industrial researchers had the opportunity to listen to the following speakers:
Speaker

Institution

Date

Theme
Intégration de matériaux ferromagnétiques ou
ferroélectriques pour la conception de microsystèmes
Design of low-power associative memory cells in
CMOS, and new synthesis techniques for lattices
Using Programmable SoC for Reliable Applications:
Qualification
Methodologies,
Fault
Tolerance
Techniques and Radiation Tests

Alexandra GARRAUD

University of Florida (USA)

01/03/2018

Luca FRONTINI

University of Milan (Italy)

08/03/2018

UFRGS (Brazil)

09/05/2018

PUCRS
(Université pontificale catholique du
Rio Grande do Sul)
Porto Alegre (Brazil)

22/05/2018

SSAMS project :
Secure and Self-Aware Multicore Systems

CEA (France)

18/12/2018

Nonlinear phenomena
applications

Prof.
Fernanda
KASTENSMIDT
Prof.
Ney
Calazans

LIMA

Laert

Vilar

Martial DEFOORT

in

M/NEMS

and

their

Seminars given by TIMA’s members in 2018 excluding conferences
Concerning participation to external seminars, the following table lists the courses and seminars given by
members of the Laboratory on their specific research work, following the invitation of various institutions:
Institution

Location

Health Tech

Sfax (Tunisia)

SFA/GTEA (Société
Française d'Acoustique /
Groupe Transducteurs
Electro-Acoustiques) :
Workshop on Acoustics
& Microsystems

Le Mans (France)

Materiali Intelligenti e
MEMS (MIMEMS 2018)

Serralunga d’Alba – Italy

IoT Product Design
Data Analytic –
summer school
IoT Product Design
Data Analytic –
summer school
IoT Product Design
Data Analytic –
summer school
IoT Product Design
Data Analytic –
summer school

Date
12/04/2018

04 and
05/06/2018

14 and
15/06/2018

Speaker

Title or content

Skandar BASROUR
(CDSI team)

Microsystems research activities in
biomedical applications at TIMA Laboratory

Libor RUFER (CDSI
team)

Microphones miniatures de large bande de
fréquences

Skandar BASROUR
(CDSI team)

Dielectric and electromechanical properties
of microstructures polymer as piezoelectret
material for sensors applications
High Level Synthesis – Methods and Tools

and
ITB

Bandung (Indonesia)

15/08/2018

Frédéric
ROUSSEAU
team)

and
ITB

Bandung (Indonesia)

15/08/2018

Arief WICAKSANA
(SLS team)

Demo of TIMA High Level Synthesis Tools :
AUGH

and
ITB

Bandung (Indonesia)

16/08/2018

Frédéric
ROUSSEAU
team)

Hardware Task Migration

and
ITB

Bandung (Indonesia)

16/08/2018

Arief WICAKSANA
(SLS team)
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(SLS

(SLS

Hardware Task Migration - Demo with AUGH
and CP3

Roles of TIMA members on University
faculties and research structures
Role

TIMA member

Starts

Ends

Comments

Parent institutions
Grenoble Institute of technology
Deputy vicepresident for
Industry relations

ANGHEL L.

01/09/2017
Grenoble Alpes University

Co-manager of
Informatics Master
M1-M2 UGA – GINP

PIERRE L.

01/09/2017

In charge for UGA

Faculties
ENSIMAG school
Deputy Director

PETROT F.

01/09/2018

School council
member

MULLER O.

01/09/2017

PETROT F.

01/09/2017

Restricted council
member

MULLER O.

01/09/2017

PETROT F.

01/09/2017

Co-responsible of
SEI branch
Board of directors
member
Manager of SEI
branch
Manager of
SEOC/PHELMA
branch
School council
member

BENABDENBI
M.

01/09/2017

ANGHEL L.

01/09/2017

MORIN-ALLORY K.

01/09/2017

PORTOLAN M.

01/09/2017

ANGHEL L.

01/09/2016

31/08/2022
Elected members School Strategy, relations with industrial
partners
Examine promotion files, invited professors, teaching
assistants
PHELMA school

Strategy, jobs, promotion files, invited professors, teaching
assistants

Elected members School Strategy, relations with industrial
partners
Polytech Grenoble

Deputy director in
charge of education
and training

ROUSSEAU F.

01/09/2018

School council
member

ROUSSEAU F.

01/09/2017

SIMEU E.

01/09/2017

Restricted council
member

ROUSSEAU F.

01/09/2017

SIMEU E.

01/09/2017

SIMEU E.

01/09/2017

Manager of Risks
Prevention
department

Elected members School Strategy, relations with industrial
partners
Examine promotion files, invited professors, teaching
assistants

IM2AG UFR
Research
commission
member
UFR Council
member
Manager of Office
Automation and
Informatics

PIERRE L.

01/09/2017

PIERRE L.

01/09/2017

POSSAMAI
BASTOS R.

01/09/2017

Examine promotion files, invited professors, teaching
assistants

All trainings at Sciences and Technologies Licence
Department (UGA)
TIMA Laboratory
TIMA Laboratory

Laboratory contact
for european
projects

ROUSSEAU F.

01/09/2017
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Research structures
AIP PRIMECA
Manager of CIM AIP
PRIMECA platform

SIMEU E.

01/09/2017
Carnot LSI

TIMA representative

MIR S.

01/09/2009
CIME

Manager of
Microsystems
platform

BASROUR S.

20/07/2018

Deputy Director

FESQUET L.

01/09/2017

Manager of Design
platform
Manager of
Communicating
objects platform

BENABDENBI
M.

01/09/2017

MANCINI S.

01/09/2017
CSUG

Technical manager

PANCHER F.

02/05/2018
EEATS doctoral school

HDR commission
member of EEATS
doctoral school
Council member of
EEATS doctoral
school

ROUSSEAU F.

01/09/2017

SIMEU E.

01/09/2017
MSTII doctoral school

HDR Commission
member of MSTII
doctoral school
Council member of
MSTII doctoral
school

PETROT F.

01/09/2017

PIERRE L.

01/09/2017
FMNT

Manager of
Microelectronics
Axis
Manager of
Telecommunications
Axis

ANGHEL L.

01/09/2017

BARRAGAN M.

01/09/2017
MSTIC cluster

TIMA representative
in MSTIC cluster
Council member of
MSTIC cluster

PETROT F.

01/09/2016

LEVEUGLE R.

01/09/2015

Elected member, examine invited professors files, mobilities,
jobs prospectives for IATS/EC
PEM cluster

Council member of
PEM cluster
TIMA representative
of PEM cluster

BONVILAIN A.

26/11/2018

BASROUR S.

01/09/2016

01/10/2019

Elected member, examine invited professors files, mobilities,
jobs prospectives for IATS/EC
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Scientific production
International journals
AMfoRS
1 Mkhinini A., Maistri P., Leveugle R., Tourki R.*
Co-designed accelerator for homomorphic encryption applications
Advances in Science, Technology and Engineering Systems Journal (ASTESJ), Volume: 3, pp. 426-433, 2018
*ENISo

2 Leveugle R., Mkhinini A., Maistri P.
Hardware Support for Security in the Internet of Things: From Lightweight Countermeasures to Accelerated
Homomorphic Encryption
Information - Open Access Journal of Information Science, Volume: 9, pp. 114, 2018
3 Dutertre J.M.*, Beroulle V.**, Candelier P.***, De Castro S.****, Faber L.-B.***, Flottes M.-L.****, Gendrier
P.***, Hély D.**, Leveugle R., Maistri P., Di Natale G., Papadimitriou A.**
Sensitivity to Laser Fault Injection: CMOS FD-SOI vs. CMOS bulk (Early Access)
IEEE Transactions on Device and Materials Reliability, Volume: , 2018
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LCIS, Laboratoire de Conception et d'Intégration des Systèmes,
***STMicroelectronics, ****LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier

4 Anghel L., Benabdenbi M., Bosio A.*, Traiola M.*, Vatajelu I.
Test and Reliability in Approximate Computing
Journal of Electronic Testing: Theory and Applications, Volume: 34, pp. 375-387, 2018
*LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier

CDSI
5 Ferreira De Paiva Leite T., Fesquet L., Possamai Bastos R.
A body built-in cell for detecting transient faults and dynamically biasing subcircuits of integrated systems
Microelectronics Reliability, Volume: 88-90, pp. 122-127, 2018
6 El Hadbi A., Cherkaoui A., Simatic J., Elissati O.*, Fesquet L.
An accurate time-to-digital converter based on a self-timed ring oscillator for on-the-fly time measurement
Analog Integrated Circuits and Signal Processing, Volume: 97, pp. 471-481, 2018
*STRS Laboratory

7 Andreoni Camponogara Viera R.*, Andreoni Camponogara Viera R.**, Andreoni Camponogara Viera R.,
Dutertre J.M.*, Potin O.*, Flottes M.-L.**, Di Natale G.**, Rouzeyre B.**, Possamai Bastos R.
Assessing Body Built-In Current Sensors for Detection of Multiple Transient Faults
Microelectronics Reliability, Volume: 88-90, pp. 128-134, 2018
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de
Montpellier

8 Marchand C.*, Bossuet L.*, Mureddu U.*, Bochard N.*, Cherkaoui A., Fischer V.*
Implementation and Characterization of a Physical Unclonable Function for IoT: A Case Study With the TERO-PUF
IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, Volume: 37, pp. 97-109, 2018
*LHC, Laboratoire Hubert Curien

9 Hadj Said M.*, Tounsi F.*, Rufer L., Trabelsi H.*, Mezghani B.*, Cavallini A.**
Magnetic-field CMOS microsensor for low-energy electric discharge detection
JSSS - Journal of Sensors and Sensor Systems, Volume: 7, pp. 569-575, 2018
*Ecole Nationale d'Ingenieurs de Sfax (ENIS) , **Università di Bologna, Italy

10 Elissati O.*, Cherkaoui A., El Hadbi A., Rieubon S.**, Fesquet L.
Multi-phase low-noise digital ring oscillators with sub-gate-delay resolution
AEU - International Journal of Electronics and Communications, Volume: 84, pp. 74-83, 2018
*STRS Laboratory, **STMicroelectronics

11 Kerstel E.*, Gardelein A.**, Barthelemy M.*, Gilot Y.**, Le Coarer E.**, Rodrigo J.**, Sequiès T.**, Borne
V.**, Bourdarot G.**, Burlet J.-Y.**, Christidis A.**, Segura J.**, Boulanger B.**, Boutou V.**, Bouzat M.**,
Chabanol M.**, Fesquet L., Fourati H.**, Moulin M.**, Niot J.-M.**, Possamai Bastos R., Robu B.**, Rolland
E.**, Toru S.**, Fink M.**, Koduru Joshi S.**, Ursin R.**
Nanobob: a CubeSat mission concept for quantum communication experiments in an uplink configuration
EPJ Quantum Technology, Volume: 5, 2018
*Laboratoire Interdisciplinaire de Physique, **Centre Spatial Universitaire de Grenoble

12 Bonvilain A., Zanardelli L., Carriquiry A.
Piezoresistif microsensors for an instrumented medical needle for its real time monitoring in a microlocalization tool
Microsystem Technologies, Volume: 24, pp. 3161–3167 , 2018
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RIS
13 Kchaou A., El Hadj Youssef W.*, Velazco R., Tourki R.*
An exhaustive analysis of SEU effects in the SRAM memory of soft processor
International Journal of Engineering Science and Technology, Volume: 13, 2018
*University of Tunis El Manar

14 Ramos P.*, Vargas V.*, Zergainoh N.-E., Velazco R.
Assessing the Static and Dynamic Sensitivity of a Commercial Off-the-Shelf Multicore Processor for Noncritical
Avionic Applications
Journal of Nanotechnology, Volume: 2018, pp. 1-8, 2018
*Universidad de las Fuerzas Armadas

15 Vargas V.*, Ramos P.*, Velazco R.
Evaluation by Neutron Radiation of the NMR-MPar Fault-Tolerance Approach Applied to Applications Running on
a 28-nm Many-Core Processor
Electronics Letters, Volume: 7, 2018
*Universidad de las Fuerzas Armadas

16 Charif A., Coelho A., Ebrahimi M.*, Bagherzadeh N.**, Zergainoh N.-E.
First-Last: A Cost-Effective Adaptive Routing Solution for TSV-Based Three-Dimensional Networks-on-Chip
IEEE Transactions on Computers, Volume: 67, pp. 1430-1444, 2018
*Royal Institute of Technology, Electronic System, **EECS, University of California

17 Franco F.*, Clemente J.A.*, Mecha H.*, Velazco R.
Influence of Randomness during the Interpretation of Results from Single-Event Experiments on SRAMs (Early
Access)
IEEE Transactions on Device and Materials Reliability, Volume: , 2018
*Universidad Complutense de Madrid

18 Papavramidou P., Nicolaidis M.
Iterative Diagnosis Approach for ECC-based Memory Repair (Early Access)
IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, Volume: , 2018
19 Vargas V.*, Ramos P.*, Méhaut J-F.**, Velazco R.
NMR-Mpar: A Fault-Tolerance Approach for Multi-Core and Many-Core Processors
Applied Sciences, Volume: , 2018
*Universidad de las Fuerzas Armadas, **Laboratoire d'Informatique de Grenoble

20 Bonnoit T., Zergainoh N.-E., Nicolaidis M.
Reducing Rollback Cost in VLSI Circuits to Improve Fault Tolerance
Transactions on Very Large Scale Integration (VLSI) Systems, Volume: 26, pp. 1438-1451, 2018
21 Ramos P.*, Vargas V.*, Baylac M.**, Zergainoh N.-E., Velazco R.
SEE error-rate evaluation of an application implemented in COTS Multi/Many-core processors
IEEE Transactions on Nuclear Science, Volume: 65, pp. 1879-1886, 2018
*Universidad de las Fuerzas Armadas, **Laboratoire de Physique Subatomique et de Cosmologie

22 Nicolaidis M., Dimopoulos M.
The Quest of the Ideal Error Detecting Architecture: The GRAAL Architecture (Early Access)
IEEE Transactions on Sustainable Computing, Volume: , 2018
RMS
23 Youssoufa M.*, Foutse M.*, Lealea T.*, Njike Kouekeu L. C.*, Tueche F.*, Simeu E.
Accuracy enhancement in low frequency gain and phase detector (AD8302) based bioimpedance spectroscopy
system
Measurement, Volume: 123, pp. 304-308, 2018
*BEEMo Lab, ISST, Université des Montagnes, Banganagte, Cameroon

24 Tchuani Tchakonte D.*, Tchuani Tchakonte D.**, Tchuani Tchakonte D.***, Tchuani Tchakonte D.,
Simeu E., Thuente M.*, Thuente M.**
Lifetime optimization of wireless sensor networks with sleep mode energy consumption of sensor nodes
Wireless Networks, Volume: , pp. 1-10, 2018
*UMI 209 UMMISCO - University of Yaoundé I, **Université de Yaoundé I, ***PKFokam Institute of Excellence

25 Malloug H., Barragan M., Mir S.
Practical Harmonic Cancellation Techniques for the On-Chip Implementation of Sinusoidal Signal Generators for
Mixed-Signal BIST Applications
Journal of Electronic Testing: Theory and Applications, Volume: 34, pp. 263-279, 2018
SLS
26 Prost-Boucle A., Bourge A., Pétrot F.
High-Efficiency Convolutional Ternary Neural Networks with Custom Adder Trees and Weight Compression
ACM Transactions on Reconfigurable Technology and Systems (TRETS) , Volume: 31, pp. Article No. 15, 2018
27 Matoussi O., Pétrot F.
Loop aware CFG matching strategy for accurate performance estimation in IR-level native simulation
Integration, the VLSI Journal, Volume: , 2018
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Patents
Invited conference talks
CDSI
28 Fesquet L., Bidegaray-Fesquet B.*
Asynchronous Filters
Event-Based Control, Communication and Signal Processing (EBCCSP'2018), 2018
*Laboratoire Jean Kuntzmann

29 Fesquet L., Germain S., Simatic J., Cherkaoui A., Le Pelleter T., Engels S.
Event-based processing: a new paradigm for low-power
19th IEEE Mediterranean Electrotechnical Conference (MELECON'2018), 2018
30 Ferreira De Paiva Leite T., Iga R., Engels S., Possamai Bastos R., Fesquet L.
Fine Grain Body-Biasing: A strategy for asynchronous circuits
Application, Design and Technology Conference (ADTC'2018), 2018
31 Rufer L.
Miniature microphones: non-standard fabrication approaches and associated modeling issues
175th Meeting: Acoustical Society of America, pp. 1777, 2018
32 Fesquet L.
Sensing and Sampling for Low-Power Applications
3rd International Conference on Advances in Signal, Image and Video Processing (SIGNAL'2018), 2018
33 Bonnaud O.*, Fesquet L., Hebrard L.**
Strategy for higher education in electronic circuits and systems in the perspective of the up-coming digital society
Latin American Symposium on Circuits and Systems (LASCAS'2018), 2018
*Institut d'Electronique et de Télécommunications de Rennes, Université de Rennes 1 – Institut National des Sciences Appliquées (INSA
Rennes) – SUPELEC, France, **ICube - Laboratoire des sciences de l'ingénieur, de l'informatique et de l'imagerie

RIS
34 Harutyunyan G.*, Nofal I.**, Nicolaidis M., Zorian Y.*
FIT Rate Calculation and Mitigation Techniques for Advanced Technologies and Automotive Applications
3rd IEEE International Workshop on Automotive Reliability & Test (ART'2018), 2018
*SYNOPSYS, **iROc Technologies

RMS
35 Mir S.
Analog, mixed-signal and MEMS design-for-test and its use for intelligent sensors
36th IEEE VLSI Test Symposium (VTS'2018), 2018
36 Leger G.*, Barragan M.
Mixed-signal test automation: are we there yet?
IEEE International Symposium on Circuits & Systems (ISCAS'2018), 2018
*IMSE, Instituto de Microelectronica de Sevilla

SLS
37 Rousseau F.
Communication Consistency for Hardware Context Switch on Heterogeneous FPGAs
18th International Forum on MPSoC (MPSoC'2018), 2018
38 Herkersdorf A.*, Pétrot F.
Effective System Level Simulation Techniques and Cross-Layer Perspectives on Low Power Design
Design, Automation and Test in Europe (DATE'2018), 2018
*Technische Universität München

39 Pétrot F., Prost-Boucle A., Bourge A.
High-Throughput and High-Accuracy Classification with Convolutional Ternary Neural Networks
International Workshop on Highly Efficient Neural Processing (HENP'2018), 2018
40 Pétrot F., Prost-Boucle A., Bourge A.
High-Throughput Ternary CNN on FPGA: Low Level Optimizations and Compression
18th International Forum on MPSoC (MPSoC'2018), 2018
41 Andrade Porras L.-L., Prost-Boucle A., Pétrot F.
Overview of the State of the Art in Embedded Machine Learning
Design, Automation & Test in Europe Conference & Exhibition (DATE'2018), pp. 1-6, 2018

Scientific production - 135

International conferences
AMfoRS
42 Morgül Muhammed Ceylan*, Frontini L.**, Vatajelu I., Anghel L.
Integrated Synthesis Methodology for Crossbar Arrays
IEEE NANOARCH'2018, 2018
*Istanbul Technical University, **UNIMI / Università degli Studi di Milano

43 Shah R., Cacho F.*, Anghel L.
Investigation of speed sensors accuracy for process and aging compensation
IEEE International reliability Physics Symposium (IRPS'2018), 2018
*STMicroelectronics

44 Dutertre J.M.*, Beroulle V.**, Candelier P.***, De Castro S.****, Faber L.-B.***, Flottes M.-L.****, Gendrier
P.***, Hély D.**, Leveugle R., Maistri P., Di Natale G.****, Papadimitriou A.**, Rouzeyre B.****
Laser Fault Injection at the CMOS 28 nm Technology Node: an Analysis of the Fault Model
Fourteenth Workshop on Fault Diagnosis and Tolerance in Cryptography (FDTC'2018), 2018
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LCIS, Laboratoire de Conception et d'Intégration des Systèmes,
***STMicroelectronics, ****LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier

45 Sivadasan A., Shah R., Cacho F.*, Anghel L.
NBTI aged cell rejuvenation with back biasing and resulting critical path reordering for digital circuits in 28nm
FDSOI
Design Automation and Test in Europe (DATE'2018), 2018
*STMicroelectronics

46 Anghel L., Di Natale G., Miramond B.*, Vatajelu I., Vianello E.**
Neuromorphic Computing - From Robust Hardware Architectures to Testing Strategies
26th IFIP IEEE International Conference on Very Large Scale Integration (VLSI SOC 2018), 2018
*Laboratoire d'Electronique Antennes et Télécommunications, **CEA-LETI - Laboratoire d'Electronique de Technologie de l'Information

47 Vatajelu I., Anghel L., Portal J.-M.*, Bocquet M.*, Prenat G.**
Resistive and Spintronic RAMs: Device, Simulation, and Applications
IEEE International On Line Testing (IOLTS'2018), 2018
*IM2NP : Institut Matériaux Microélectronique Nanosciences de Provence, **Spintec

48 Dutertre J.M.*, Beroulle V.**, Candelier P.***, De Castro S.****, Faber L.-B.***, Flottes M.-L.****, Gendrier
P.***, Hély D.**, Leveugle R., Maistri P., Di Natale G.****, Papadimitriou A.**, Rouzeyre B.****
The case of using CMOS FD-SOI rather than CMOS bulk to harden ICs against laser attacks
24th IEEE International Symposium on On-Line Testing and Robust System Design (IOLTS'2018), 2018
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LCIS, Laboratoire de Conception et d'Intégration des Systèmes,
***STMicroelectronics, ****LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de Montpellier

CDSI
49 Ferreira De Paiva Leite T., Fesquet L., Possamai Bastos R.
A body built-in cell for detecting transient faults and dynamically biasing subcircuits of integrated systems
European Symposium on Reliability of Electron Devices, Failure Physics and Analysis (ESREF'2018), 2018
50 Germain S.*, Germain S., Engels S.*, Engels S., Fesquet L.
A Design Flow for Shaping Electromagnetic Emissions in Micropipeline Circuits
IEEE International Symposium on Asynchronous Circuits and Systems (ASYNC'2018), 2018
*STMicroelectronics

51 Alasatri S.*, Rufer L., Lee J.*
AlN-on-Si square diaphragm piezoelectric micromachined ultrasonic transducer with extended range of detection
Eurosensors XXXII, pp. 1-4, 2018
*Department of Electronic Engineering, City University of Hong Kong, Kowloon, HONG KONG

52 Turko T.*, Uhring W.*, Dadouche F.*, Fesquet L.
An Asynchronous Fixed Priority Arbiter for High Throughput Time Correlated Single Photon Counting Systems
IEEE International Conference on Electronics Circuits and Systems (ICECS'2018), 2018
*ICube - Laboratoire des sciences de l'ingénieur, de l'informatique et de l'imagerie

53 Popescu A.*, Popescu A., Besancon G.*, Voda A.*
A new robust observer approach for unknown input and state estimation
2018 European Control Conference (ECC'2018), 2018
*GIPSA-lab, Grenoble, France

54 Andreoni Camponogara Viera R., Dutertre J.M.*, Potin O.*, Flottes M.-L.**, Di Natale G.**, Rouzeyre B.**,
Possamai Bastos R.
Assessing Body Built-In Current Sensors for Detection of Multiple Transient Faults
European Symposium on Reliability of Electron Devices, Failure Physics and Analysis (ESREF'2018), 2018
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de
Montpellier

Scientific production - 136

55 Garay Trindade M., Coelho A., Valadares C.*, Andreoni Camponogara Viera R., Rey S.**, Cheymol B.**,
Baylac M.**, Velazco R., Possamai Bastos R.
Assessment of Hardware-Implemented Support Vector Machine under Radiation Effects
Conference on Radiation Effects on Components and Systems (RADECS'2018), 2018
*Université Grenoble Alpes, **Laboratoire de Physique Subatomique et de Cosmologie

56 Frisch R., Faix M.*, Mazer E.*, Fesquet L.
Cognitive stochastic machine based on Bayesian inference: a behavioral analysis
IEEE International Conference Series on Cognitive Informatics and Cognitive Computing (ICCI*CC'2018), 2018
*Laboratoire d'Informatique de Grenoble

57 Popescu A.*, Popescu A., Besancon G.*, Voda A.*
Comparison between different control strategies for estimation purposes using Control-based Observer paradigm
22nd International Conference on System Theory, Control and Computing (ICSTCC'2018), 2018
*GIPSA-lab, Grenoble, France

58 Fesquet L., Bidegaray-Fesquet B.*
Infinite Impulse Response Filters for Nonuniform Data
International Conference on Advances in Signal, Image and Video Processing (SIGNAL'2018), 2018
*Laboratoire Jean Kuntzmann

59 Bonnaud O.*, Fesquet L.
Innovation for education on Internet of things
International Conference on Advanced Technology Innovation (ICATI'2018), 2018
*Institut d'Electronique et de Télécommunications de Rennes, Université de Rennes 1 – Institut National des Sciences Appliquées (INSA
Rennes) – SUPELEC, France

60 Iga R., Possamai Bastos R., Ferreira De Paiva Leite T., Rolloff O., Mamadou D., Fesquet L.
Level Shifter Architecture for Dynamically Biasing Ultra-Low Voltage Subcircuits of Integrated Systems
IEEE International Symposium on Circuits and Systems (ISCAS'2018), 2018
61 Elissati O.*, El Hadbi A.*, El Hadbi A., Cherkaoui A., Rieubon S.**, Fesquet L.
Low Phase-Noise CMOS Quadrature Oscillator based on (Nx4)-stage Self-Timed Ring
Conference on Design of Circuits and Integrated Systems (DCIS'2018), 2018
*STRS Laboratory, **STMicroelectronics

62 Possamai Bastos R., Ferreira De Paiva Leite T., Fesquet L., Acunha Guimaraes L.
Non-Intrusive Testing Technique for Detection of Trojans in Asynchronous Circuits
Design, Automation and Test in Europe (DATE'2018), 2018
63 Germain S.*, Germain S., Engels S.*, Engels S., Fesquet L.
Shaping Electromagnetic Emissions of Event-Driven Circuits Thanks to Genetic Algorithms
International Conference on Advances in Signal, Image and Video Processing (SIGNAL'2018), 2018
*STMicroelectronics

64 Andreoni Camponogara Viera R., Dutertre J.M.*, Maurine P.**, Possamai Bastos R.
Standard CAD tool-based method for simulation of laser-induced faults in large-scale circuits
ACM International Symposium on Physical Design (ISPD'2018), 2018
*Ecole Nationale Supérieure des Mines de Saint-Etienne , **LIRMM, Laboratoire d'Informatique de Robotique et de Microélectronique de
Montpellier

65 Gimenez G.*, Gimenez G., Cherkaoui A., Cogniard G.*, Fesquet L.
Static Timing Analysis of Asynchronous Bundled-data Circuits
IEEE International Symposium on Asynchronous Circuits and Systems (ASYNC'2018), 2018
*Dolphin Integration, 39 Av. du Granier, 38242, Meylan, France

66 Cherkaoui A., Coustans M.*, Fesquet L., Terrier C.**, Salgado S.**, Eberhardt T.**, Kayal M.*
Subthreshold Logic for Low-Area and Energy Efficient True Random Number
21st IEEE Symposium on Low-Power and High-Speed Chips and Systems (COOL Chips'2018), 2018
*EPFL, **EM Microelectronic-Marin SA

67 Bonnaud O.*, Fesquet L.
The practice in microelectronics: a mandatory complement of the online courses in the context of digital society
Symposium on Microelectronics Technology and Devices (SBMICRO'2018), 2018
*Institut d'Electronique et de Télécommunications de Rennes, Université de Rennes 1 – Institut National des Sciences Appliquées (INSA
Rennes) – SUPELEC, France

RIS
68 Coelho A., Charif A., Zergainoh N.-E., Fraire J., Velazco R.
A soft-error resilient route computation unit for 3D Networks-on-Chips
Design, Automation & Test in Europe (DATE'2018), 2018
69 Bonnoit T., Bouesse G.F., Zergainoh N.-E., Nicolaidis M.
Designing reliable processor cores in ultimate CMOS and beyond: A double sampling solution
Design, Automation & Test in Europe (DATE'2018), 2018
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RMS
70 Margalef-Rovira M., Barragan M., Sharma E.*, Ferrari P.*, Pistono E.*, Bourdel S.*
An Oscillation-Based Test technique for on-chip testing of mm-wave phase shifters
IEEE 36th VLSI Test Symposium (VTS'2018), pp. 1-6, 2018
*IMEP-LAHC

71 Cilici F., Barragan M., Mir S., Lauga-Larroze E.*, Bourdel S.*
Assisted test generation strategy for non-intrusive machine learning indirect test of millimeter-wave circuits
23rd IEEE European Test Symposium (ETS'2018), pp. 1-6, 2018
*IMEP-LAHC

72 Silveira Feitoza R., Barragan M., Mir S., Dzahini D.
Reduced-code static linearity test of SAR ADCs using a built-in incremental Sigma-Delta converter
24th IEEE International Symposium on On-Line Testing and Robust System Design (IOLTS'2018), pp. 29-34, 2018
73 Takam Tchendjou G., Simeu E.
Self-Healing Imager Based on Detection and Conciliation of Defective Pixels
IEEE International Symposium on On-Line Testing And Robust System Design (IOLTS'2018), pp. 251-254, 2018
SLS
74 France-Pillois M.*, Martin J.*, Rousseau F.
Accurate MPSoC prototyping platform and methodology for the studying of the Linux synchronization barrier
slowdown issues
International Symposium on Rapid System Prototyping (RSP'2018), pp. 56-62, 2018
*CEA-LETI - Laboratoire d'Electronique de Technologie de l'Information

75 Matoussi O., Pétrot F.
A mapping approach between IR and binary CFGs dealing with aggressive compiler optimizations for
performance estimation
23rd Asia and South Pacific Design Automation Conference (ASPDAC'2018), pp. 452-457, 2018
76 Christodoulis G., Selva M.*, Broquedis F.*, Desprez F.*, Muller O.
An FPGA target for the StarPU heterogeneous runtime system
13th International Symposium on Reconfigurable Communication-centric Systems-on-Chip (RECOSOC 2018),
pp. 1-8, 2018
*INRIA - Equipe CORSE

77 Chabot M.*, Pierre L., Nabais-Moreno A.*
Automated Testing for Cyber-physical Systems: From Scenarios to Executable Tests
Forum on specification & Design Languages (FDL'2018), 2018
*Schneider Electric Industries

78 Dumas J.*, Guthmuller E.*, Pétrot F.
Dynamic Coherent Cluster: A Scalable Sharing Set Management Approach
29th International Conference on Application-ecific Systems, Architectures and Processors (ASAP'2018), pp. 1-8,
2018
*CEA-LETI - Laboratoire d'Electronique de Technologie de l'Information

79 France-Pillois M.*, Martin J.*, Rousseau F.
Linux Synchronization Barrier on MPSoC: Hardware/Software Accurate Study and Optimization
International Conference on Application-Specific Systems, Architectures and Processors (ASAP 2018), pp. 1-4,
2018
*CEA-LETI - Laboratoire d'Electronique de Technologie de l'Information

80 France-Pillois M., Martin J.*, Rousseau F.
Optimization of the GNU OpenMP Synchronization Barrier in MPSoC
International Conference of Architecture of Computing Systems (ARCS'2018), pp. 57-69, 2018
*CEA-LETI - Laboratoire d'Electronique de Technologie de l'Information

Book chapters
CDSI
81 Kalsing A.*, Kalsing A., Fesquet L., Aktouf C.*
A Methodology for Automated Consistency Checking Between Different Power-Aware Descriptions
Languages, Design Methods, and Tools for Electronic System Design, Lecture Notes in Electrical Engineering,
pp. 107-127, 2018
*Defacto technologies

SLS
82 Hadj Salem K.*, Kieffer Y.**, Mancini S.
Meeting the Challenges of Optimized Memory Management in Embedded Vision Systems Using Operations
Research
Recent Advances in Computational Optimization, Studies in Computational Intelligence, pp. 177-205, 2018
*Université Grenoble Alpes, **Université de Bretagne Occidentale
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Books and edited publications
RMS
83 Barragan M.
Journal of Electronic Testing: Special Issue on Analog, Mixed-Signal, and RF Testing
, Springer , 2018
SLS
84 Rousseau F., Muller O.
Conception des systèmes VLSI
Techniques de l'Ingénieur, Volume: , 2018

National conferences
AMfoRS
85 Reynaud V., Maistri P., Leveugle R.
Accès autorisé au réseau reconfigurable de test par ensemble de segments
13ème Colloque du GDR SoC/SiP, 2018
RMS
86 Malloug H., Barragan M., Mir S.
Conception d’un générateur de signal sinusoïdal basé sur les techniques d’annulation d’harmonique en 28nm
FDSOI
Journées GDR SoC-SiP, 2018

Other communications
AMfoRS
87 Maistri P., Dutertre J.M.*, Leveugle R.
Laser Attacks against DDR Redundancy
Workshop on SecURity, REliAbiLity, test, prIvacy, Safety and Trust of Future Devices (SURREALIST'2018),
Bremen, GERMANY
*Ecole Nationale Supérieure des Mines de Saint-Etienne

CDSI
88 Bonnaud O.*, Bonnaud O.**, Bsiesy Ah.***, Martinet E.***, Baptist R.****, Basrour S., Basrour S.***,
Pernot E.*****
Increasing Attractiveness of Electrical Engineering for Schoolers Through Experiments on Microelectronics and
Nanotechnology Interuniversity Platforms
28th EAEEIE Annual Conference (EAEEIE'2018), pp. 1-5, Reykjavik, ICELAND
*GIP-CNFM, MINATEC, Grenoble, France, **Institut d'Electronique et de Télécommunications de Rennes, Université de Rennes 1 – Institut
National des Sciences Appliquées (INSA Rennes) – SUPELEC, France, ***CIME, INPG, Grenoble, ****CEA-LETI - Laboratoire d'Electronique
de Technologie de l'Information, *****LMGP - Laboratoire des Matériaux et du Génie Physique

Reports
Softwares
AMfoRS
89 Portolan M.
"Manager for Soc Test" (MAST), May 02, 2018
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Theses
AMfoRS
90 Morin-Allory K.
Assertions and hardware design
HDR, Université de Grenoble, spécialité "Architecture des systèmes", Nov 15, 2018
91 Plassan G.
Conclusive formal verification of clock domain crossing properties
These de Doctorat, Université Grenoble Alpes, spécialité "informatique", Mar 28, 2018
92 Sivadasan A.
Design and Simulation of Digital Circuits in 28nm FDSOI for High Reliability (confidential thesis)
These de Doctorat, Université Grenoble Alpes, spécialité "Microélectronique", Jun 29, 2018
CDSI
93 Andreoni Camponogara Viera R.
Modeling and Simulating the Effects of Laser Fault Injection on ICs
These de Doctorat, Université de Montpellier, spécialité " Systèmes Automatiques et Microélectroniques", Oct 02,
2018
94 Possamai Bastos R.
Exploiting Body Terminals of Transistors for Performing Post-Fabrication Tests, Run-Time Tests, and SelfAdaptive Bias in Integrated Circuits
HDR, Université Grenoble Alpes, spécialité "Nanoélectronique et Nanotechnologies", Jan 30, 2018
95 Rendon A.
Design, modeling and evaluation of a thermo-magnetically activated piezoelectric generator
These de Doctorat, Université Grenoble Alpes, spécialité "Micro et Nano Electronique", Sep 27, 2018
RMS
96 Malloug H.
Design of embedded sinusoidal signal generators for mixed signal Built-in Self-Test
These de Doctorat, Université Grenoble Alpes, spécialité "Microélectronique", Sep 28, 2018
97 Takam Tchendjou G.
Performance monitoring and errors reconciliation in image decoders
These de Doctorat, Université de Grenoble, spécialité "Nanoélectronique et Nanotechnologies", Dec 12, 2018
SLS
98 Chabot M.
Requirement Driven automated tests for Cyber-physical Systems
These de Doctorat, Université Grenoble Alpes, spécialité "informatique", Oct 30, 2018
99 Faravelon A.
Acceleration of memory accesses in dynamic binary translation
These de Doctorat, Université Grenoble Alpes, spécialité "informatique", Oct 20, 2018
100 France-Pillois M.
Hardware support for inter-process communication in multiprocessor system
These de Doctorat, Université Grenoble Alpes, spécialité "Micro et Nano Electronique", Sep 27, 2018
101 Hadj Salem K.
Optimization of the operation of a generator of memory hierarchies for embedded vision systems
These de Doctorat, Université Grenoble Alpes, spécialité "Micro et Nano Electronique", Apr 26, 2018
102 Njoyah Ntafam P.
New performance evaluation methods for early and refined software development on SoC platforms
These de Doctorat, Université Grenoble Alpes, spécialité "Micro et Nano Electronique", Apr 20, 2018
103 Wicaksana A.
Portable infrastructure for heterogeneous reconfigurable devices in a cloud-FPGA environment
These de Doctorat, Université Grenoble Alpes, spécialité "Nanoélectronique et Nanotechnologies", Oct 02, 2018
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Press review
Massar Project (from CNRS annual report 2017)

Press review - 141

Interview of Sophie GERMAIN (PhD student at TIMA Laboratory)
(from CNFM magazine – April 2018)

Press review - 142

HAP2U start-up (from Grenoble Alpes Métropole magazine – May 2018)

Press review - 143

Fête de la Science (Casemate Newsletter – October 13, 2018)
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