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Bridging Emerging Technologies to Harsh Environment Operation !

MASSIVE INTRODUCTION of Commercially Off-The Shelf (COTS)
components!

DENSIFICATION (weight/volume -effectiveness) of DIGITAL and POWER
electronics functions (e.g. Mechatronics)!

* System ability to avoid service failures that are more frequent and more severe than is acceptable. The concept of dependence leads to that of trust, In French: » Sureté de fonctionnement » est souvent appelée la « science des défaillances et des pannes»
[Source: A. Avizienis, J.C. Laprie et al., IEEE TRANSACTIONS ON DEPENDABLE AND SECURE COMPUTING, VOL. 1, NO. 1]

Enable Increased Electrification of Systems by Focusing on DEPENDABILITY* of Embedded Electronics  

SAFETY 
AVAILABILITY 

& 

GREENER Deployment 

In Severe Operating 
Conditions !!!
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* Physics of Failure & Fault – from component to board/equipment

Understanding Of
Underlying PoF/F*

Electro-Thermo-
Mechanical 

Induced/activated 
EMC/EMI

Radiated/Conducted

Natural Radiation 
Immunity

(SEE / TID)
Better TEST & CHARACTERISATION (Test-for-Reliability)

 support QUALIFICATION

Better DESIGN / SIMULATION  (Design-for-Reliability)
 Improve ROBUSTNESS
 Improve DURABILITY (cope with intrinsic defects)

Better MANUFACTURE (manufacturing-for-reliability)
 Eliminate Defectivity (reduce extrinsic defects)
 Increase Robustness and Durability  
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Experimental + Numerical (FE models) + Theoretical

Methodologies/Tools

BY Combined 
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Bridging (COTS(1) based on) emerging technologies to harsh environment operation

(1) Semiconductors components (Deep Sub Micron (FDSOI, FinFET, 3D), WBG based transistor (GaN and SiC)…) and Electrochemical for energy 
sources/storage (Fuel cell, Li-X batteries, Supercapacitors); Assembly and packaging solution (High Power, High Density, High Frequency) SoC or SiP

Proposed Added ValueRational 
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Component
s

/ Functions
More  
Electrical Power
(propulsion / non 
propulsion

More 
DIGITAL 
functions

FPGA 
µProcessor -

µController Memory 
(DDR, FLASH, …)

Silicon 
Bulk CMOS

Silicon Fin-FET

FD-SOI
Si and III-

V GAA

Li-Alloy, Li-S, Li-Polymer, Li-
Solid

Li-air (?)

FC-BGA FO-SiP

End of Moore’s 
Law ???

?

?

?

?  Breakthrough needed to enable actual 
disruptive evolution (high risk / fundamental 
research)

New 2D Materials
(TMD, …?)

Switches/Transistors

Intercon. / Assembly 

Battery, Supercap.
Fuel cell

Done

Planned

Opportunities

2018-2020                    2020-2025                    2025-2030
Ga2O3  , 

AlN
Diamond

Electromagnetic Compatibility (EMC) behavior (component to board)

Natural Radiation Immunity based on experiments and models 

Reliability based PoF Analysis and Modeling (component to board 
level)
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FM Analysis and understanding

Innovative Methodologies & Tools

EMC modes and standards from PCB to components

Tool development and Optimization

Radiation induced failure mechanisms analysis and understanding

Innovative Methodology and Tool

DSM 
WBGInterconnections. Stor. / Sourc.

Platforms

NFS e

R
el

ia
bi

lit
y 

(C
FR

 / 
EO

L)
 / 

O
bs

ol
es

ce
nc

e
M

an
ag

em
en

t

Fa
st

 V
irt

ua
l P

ro
to

ty
pi

ng
(D

fR
, E

M
C

 c
om

pl
ia

nc
e,

 T
ec

hn
ol

og
y 

Ev
al

.) 

C
er

tif
ic

at
io

n 
/  

Q
ua

lif
ic

at
io

n 
Su

pp
or

t

Objectives 
Predictive / Diagnostic 

Reliability

C
om

po
ne

nt
 / 

Te
ch

no
lo

gy
 

R
oa

dm
ap

Pulsed Laser / X-ray

QFN 
BGA

FO-
WLP

SiC (MOSFET)

Li-ion

3DIC

Embed. SiP
(GaN)

GaN (on-Si) (HEMT)

NFS i

SOFCHT- and LT- PEMFC

Embed. Ceramics

Roadmap
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Predictive / 
Diagnostic 
Reliability

Wear-out / 
Obsolescence 
Management

Fast Prototyping 
(tools)

Qualification  / 
Certification 

support

GOALS !!
Added Value
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Electro-Thermo-Mechanical 
Induced/activated phenomena

EMC/EMI Radiated/Conducted

Natural Radiation Immunity
(SEE / TID)
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Specialized 
Organizations

Industrial Partners

TEAM : Contact:
Mohamed MATMAT - PhD
Reliability Project manager 

Raphael RIVA – PhD 
Power electronic assembly process and technology
(PRIMES - Tarbes)

Pierre ROUMANILLE – PhD 
Electronic Join material reliability
(Cross-over with Metallic Material Processes / Surcace & Assembly
CoC)

Sebastien SERPAUD 
Electromagnetic Compatibility - component to equipment

Jean Michel REYNES - PhD
Power Semiconducteur Technology

Valeria RUSTICHELLI - PhD
DSM and WBG Semiconductor Reliability

Moustafa  ZERARKA – PhD
Semiconductor reliability and Natural Radiation ImmunitySamuel PIN – PhD 

Electronics assembly and insulator Reliability 
(Cross-over with High Voltage Energy CoC)

Fabio COCCETTI  – PhD, HDR
Head of High Reliability Energy
Center of Competences

fabio.coccetti@irt-saintexupery.com
Office: +33 (0) 5 61 00 40 11
Mobile: +33 (0) 7 85 41 56 92
IRT Saint Exupéry 
B612 • 3 rue Tarfaya • CS 34436
31405 Toulouse cedex 4 (France) 
www.irt-saintexupery.com

GaN Power Transistors [Source: GaN Systems - EPC]

Deep Submicron  (DSM) IC – Memories and FPGA Power Transistors 
[Source: Micron – Xlinx - Polarfire]

AECJEITA

ENABLE

Institutional

CALCE IPPON

IRT Internal Cross-fertilisation

Built-in TRUST !!!
Products



Natural 
Radiation 
Immunity

(SEE / TID)

EMC/EMI 
Radiated & 
Conducted

Electro-
Thermo-

Mechanical
Phenomena

Robustness investigation Know-how
Short circuit in SIC MOSFET

Qualification Protocols
SIC MOSFET 

SOA definition
For WBG (SiC and GaN) technologies

Obsolescence Management
Obsolescence investigation by NFSe measurement

Obsolescence Management
EMC requalification by “black box” modeling  

Multimechanisms Multistressor Reliability Models
Durability Analysis & Models
Fatigues in lead-free (SAC) solder joins 

Pulsed X-ray based methodologies
Modelling the Influence of Package in Focused X-ray Testing of Power GaN COTS

Failure Risk Assessment Methodology (FRAME)

TEAM : 

Saliha CHETOUAUI
PhD FELINE
INSA-LAAS Toulouse

Hamed HASSAN
Post Doc SICRET
AMPERE -Lyon

Dany HACHEM
Post Doc SICRET
LAAS - Toulouse

Hiba RITZ 
Post Doc SICRET
IES - Montpellier

Joao André SOARES DE OLIVEIRA
Post Doc SICRET/ECPE 
AMPERE - Lyon

Catherine NGOM
PhD FELINE
IES - Montpellier

Harness Disturbance coupling Modeling Tools 
(SCALP)

MAIN INDICATORS: 13 Thesis / 5 PostDoc / >50 Peer Review Papers / 3 Conference Prices

S. Chetouani, et al. EMC Europe 2020

XLINX ULTRASCALE-PLUS 
ZYNK XCZU9EG (16nm))

Source: FELINE Project (WP 1)
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Number of thermal cycles

[1,5[ µm
[5,9[ µm
[9,13[ µm
[13,17[ µm
[17,21[ µm
[21,25[ µm
[25,29[ µm
[29,34[ µm

• β-Sn recrystallization

β-Sn grain size

Bright field observation

Partial crack 

• Ag3Sn coarsening 

BGA solder joint after 1300 cycles

Crack propagation

The High-power stress apply on the 
component makes a thermal-
mechanical stress on ILD
leading to aluminum propagation in the 
crack inducing electrical leakage
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Ref A
VDS=300V
VGS=0V
Elaser=3nJ
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Ref B
VDS=600V
VGS=-0.5V
Elaser=8.75nJ

20µm

Area scanned 
by laser

 
 

  

  
  

 

 
 

 

 
 

 
  

  

  
     

 

Map of short transient peak-peak amplitude (mV)    

 
 

 

 

 
 
 

     
    

      
    

 
 

 

 

   
   

    

 

 

 

  
 

 
 

 
 

 
 

 

 

 

  
 

 
 

  

  
  

 

 
 

 

 
 

 
  

  

  
     

 

        Laser experiment 

 
 

 

 

 
 
 

     
    

      
    

 
 

 

 

   
   

    

 

 

 

TCAD Modeling of SEE 
Heavy Ions Models  

Natural 
Radiation 
Immunity

(SEE / TID)

EMC/EMI 
Radiated & 
Conducted

Electro-
Thermo-

Mechanical
Phenomena

Aeging Test and Modeling on PEMFC
Temperature (HT) Membrane Electrode Assemblies (MEAs)

S. Rigal et al. Elsevier FCFD 2019 

Operational Conditions : H2/air – 1.2/2 - 160 C - Pressions : PA
atm

10kHz 250MHz100k20k 30k 40k 50k 70k 1M200k 300k 400k 600k 10M2M 3M 4M 5M 7M 100M20M 30M 40M 60M

Fréquences

@2MHz

10kHz 250MHz100k20k 30k 40k 50k 70k 1M200k 300k 400k 600k 10M2M 3M 4M 5M 7M 100M20M 30M 40M 60M

Fréquences

@100MHz
New version

+11dB

Old version

-18dB

-18dB +11dB

S. Serpaud et al. IEEE Transaction on EMC 2020 

M. Zerarka et al. IEEE Transaction on Nuclear Science 2018 

Investigation modelling/simulation analytic (1D, 2D) tools
• Harness disturbance coupling modelling : SCALP (Scilab)
• Indirect N-Ports measurement  de-embedding tools
• Near Field Propagation : NFS2RE (PWS approach)
• PCB modelling : MESSA (Python)
• Uncertainty management : Bayesian calibration (Python)
• GEMSEO : Multidisciplinary  Design Optimization (open software)

Load

Equipment

PInj_EQ
DO160/RI/CI/BCI

Board IC

PInj_IC

SMARTRELIABILITY Tool

Transmission Electron Microscopy of FinFET (ALTER Technology)

Source: FUCHYA Project 2015 - 2019

Source: FELINE Project (WP 3)

Source: FELINE Project (WP 2)

Source: FELINE Project (WP 2)

Source: SICRET Project 2020 - 2023

Source: FELINE Project (WP 1)

Boltzmann-Arrhenius-Zhurkov model generalized (similar to COX model (**))
Ea is thermal activation energy without external stress:

with S= Stress and g a factor of loading.

Tk
E

Tk
SE effaa

⋅
⋅=

⋅
⋅−

⋅= ,
00 exp)(exp τ

γ
ττ

Y. Ernest et al. 2005

C. NGOM et al IEEE Transaction NS 2021

P. Roumanille et al. ESREF 2021
E. Ben Romdhane ESREF 2021 

Y. Barazi et al. - Energy 2021

Best Paper 
Award 

ESREF 2021

Best Paper 
Award 

ESREF 2021

Bridging Emerging Technologies to Harsh Environment Operation !

HIGH RELIABILITY ENERGY
Center of Competence
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