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Project FELINE

WP1: Component reliability (DSM and WBG)

• Failure mechanisms in DMS components

• Failure Risk Assessment Methodology (FRAME)

• Application of FRAME

• Smart reliability

WP4: Durability of SAC305 board-level assemblies

• Approach in solder durability assessment

• Thermal cycling [-55 ; 125]°C

• Finite element analyses

• Mechanical cycling

Conclusions
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FELINE : Fiabilité ÉLectronique INtégrÉ

• Développer et appliquer la méthodologie FRAME (Failure Risque Analysis Methododology) pour
définir le niveau de risque des composants COTS en environnements opérationnels (PM)

• Traiter l’obsolescence des composants d’un point de vue CEM par l’utilisation de la simulation
numérique

• Durabilité des assemblages des composants électroniques dans les applications petits signaux

6,9 M€

48 Mois (2017– 2021)

ACTIA, AIRBUS, AIRBUS DS, CONTINENTAL, ELEMCA, NEXIO, LIEBHERR,

SAFRAN TECH, TECHFORM, THALES AV, THALES AS, TRAD, ZODIAC

AEROSPACE

LAAS-CNRS, INSA Toulouse, IMS Bordeaux, IETR-CNRS, IES-CNRS

Lot 1 Lot 2 Lot 3 Lot 4

Radiation CEM Assemblage électronique

• Modélisation PoF des technologies DSM
et GaN : TDDB, BTI, HCI et EM,

• Déploiement de l’approche FRAME,

• Plateforme de fiabilité SMART, Agile et
simple d’utilisation.

• Comportement des récentes technologies à
base de semi-conducteurs vis-à-vis des
radiations cosmiques et atmosphériques :
Ions lourds, Neutron, Proton et TID

• Valider la non-régression des performances
CEM d’un équipement face au changement
d’un composant à partir de mesure sur
composant / carte électronique :
 La mesure d’émission en champ proche

(NFSe),
 La mesure d’immunité en champ proche

(NFSi)

• Durabilité des carte électroniques
faible puissance : fatigue mécanique
des assemblages microélectroniques

• Modélisation multi-échelle : du joint de
brasure à la carte équipée

Cascade of 

particle

PMEs PhD (with 4 
Laboratories)5

Collaborations 
(3 international) >15 Publications and 

Inudstrial Reports13 5
Industrial

4

OBJECTIVES

Fiabilité des COTS (DSM et WBG) 

3
0

/0
4

/2
0

2
1

p

a

g

e

3



3
0

/0
4

/2
0

2
1

© IRT Saint Exupéry • All rights reserved • Confidential and proprietary document

WP2: RADIATION
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Definition of 
technologies 

and 
demonstrators

Radiative tests 
on WBG 

technologies

construction 
analysis

Component 
preparation

Electrical 
characterizations 
of components 
before testing

tests under
radiative 

environment

Electrical 
characterization of 
components after 

test

Characterization of 
immunity to radiations 

by 
X-ray & pulsed laser

PhD

Modeling (Laser 
& X-rays

TCAD 
simulation

Experiments

Sample 
preparation

Laser testing 

X-rays  testing

Failure Analysis

Bibliography

EPC 2045 100 V

EPC 2046 200 V

GaNSystems GS1008P-E05-MR 100 V

GaNSystems GS66508P-E05-MR 650 V

Panasonic PGA26E07BA 600 V

Data 
treatment 
of results

Irradiation

substrat

contact in 

backside

Opening

backside

Y
X

Y
Y

X ray / Laser

substrat

contact in 

backside

Opening

backside

Y
X

Y
Y

 

SiN SiN 

SiN 

GaN-Buffer 

2DEG 

AlGaN 

FP 

No 2DEG 
under gate  

Ec 

Ev 

Ef 

Space (satellite & 

launchers)     

 Heavy Ions

Drone / helicopter 

/ Aircraft

 Neutron until

800MeV

 Proton > 50 

MeV 

Cascade of 

particle

laser spot

Contact : moustafa.zerarka@irt-saintexupery.com



Lot 3 : Gestion de l’obsolescence pour la CEM

© IRT Saint Exupéry • All rights reserved • Confidential and proprietary document

S.SERPAUD    Au 01 Octobre 2018

S.CHETOUANI    Au 01 Décembre 2017

A. DURIER    Au 01 Octobre 2018

N.N     Au 01 Oct 2019

Modélisation Setup

Caractéristiques  
Harnais

Entrées

Tâche 3. 3 & 3.4

Définition de la 
méthode d’essai

&
Développement des 

outils de test 
(sondes…etc)

Procédure d’essais CI

Entrées

Normalisation méthode
Essais champ proche 

(Emission et Immunité)

Niveau de risque

Procédure d’essais Eq

Tâche 3.1 & 3.2

Modélisation 
Equipement 

Caractéristiques  
Equipement Composant obsolète

Nouveau Composant

Contrainte équipement 

Contrainte composants 

Normes composant 
(IEC)

Eq
u

ip
em

e
n

t
H

ar
n

ai
s

Perturbations

P

P

PEq(f)

f

Pic(f)

f

Normes équipement
(DO160, CISPR25…etc)
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Contact : sebastien.serpaud@irt-saintexupery.com



Work-package 1

Failure Risk Assessment Analysis for DSM and 
WBG components

Contact : valeria.rustichelli@irt-saintexupery.com
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Semiconductor industryp
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7
• Markets demands for performant components:

 High speed

 Low power 

 Reduced cost  reduced size

• Semiconductor industry evolves quickly

 Technology complexity is constantly increasing

 Time to market is reduce

• What about reliability?

 Different failure mechanisms can affect the lifetime of an electronic 

component

The goal of the WP1 is to perform a risk assessment analysis 

based on physics of failure (PoF)

Taken from [1]
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Failure Risk Assessment Methodology (FRAME)p
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• FRAME is a methodology based on the physics of failure of microelectronic 

components

• In literature there are several physical failure models

 The models and their parameters depend on the material and the geometry of 

the component

• In this presentation we will focus on failure mechanisms of deep-submicron 

(DSM) component

• What are the main failure mechanisms?



Failure mechanisms in DSM component

 BEOL:

• Time Dependent Dielectric Breakdown

• Electromigration

 FEOL:

• Time Dependent Dielectric Breakdown

• Bias temperature instability

• Hot carrier injection

Taken from [2]
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DSM failure mechanismsp
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0

TDDB

• Time Dependent Dielectric breakdown

HCI

• Hot Carrier Injection

BTI

• Bias Temperature Instability

EM

• Electromigration

Taken from [3]

Taken from [4]

Taken from [5]

Taken from [6]

Taken from [7]

Taken from [8] Taken from [9]
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FRAMEp
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1

Choice of the 

device

Ask to 

manufacturer 

reliability model

It gives us 

the model
It gives us the 

TTF

It doesn’t happen often

 LEVEL 2 LEVEL 1

No answer

More luckily

 LEVEL 3 & 4
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FRAMEp
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Identification of 

the  model and  its 

parameters

Technology 

identification

Research of PoF 

Mechanisms 

Failure model
Identification 

of  signature 

and stressor

Model and 

parameters found

Model and 

parameters not 

found

Mission profile

Lifetime and risk 

assessment

Data sheet

Literature 

research

Construction 

analysis

Design of the 

experiment and 

testing

 LEVEL 3  LEVEL 4
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From the publication to the lifetime estimationp
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In the real application, usage conditions are 

different:

- “Normal” temperature

- “Normal” voltages

These are defined in the mission profile

𝑻𝑻𝑭𝒂𝒑𝒑 = 𝑨𝑭𝑽 ∙ 𝑨𝑭𝑻∙ 𝑻𝑻𝑭𝒑𝒖𝒃

In the publication lifetime values (TTF), 

come from stressed tests: 

- High temperatures 

- High voltages

This is necessary to observe a failure

𝑨𝑭𝑽: voltage acceleration factor

𝑨𝑭𝑻: temperature acceleration factor 

Their values depend on the material and the 

geometry of the device

𝑻𝑻𝑭𝒑𝒖𝒃 is known 𝑻𝑻𝑭𝒂𝒑𝒑= ?



Application of FRAME: an example (TDDB on a FPGA)

depends on MP

0,85 V

SiO2

2,83 E-3 µm2

 Temperature: 

 Vapp:

 Gate oxide 

• Nature:

• Area:

FRAME

Data sheet

Construction 

analysis

p

a

g

e

1

4

For the TDDB we need to know:
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Application of FRAME: an example (TDDB on a FPGA)p
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• Thanks to the construction analysis we know that the 

gate dielectric is SiO2

• Which model to use ? 

𝐴𝐹𝑉 =
𝑉𝑎𝑝𝑝

𝑉𝑠𝑡𝑟𝑒𝑠𝑠

−Γ

𝐴𝐹𝑇 = −
𝐸𝑎
𝑘𝐵

1

𝑇𝑠𝑡𝑟𝑒𝑠𝑠
−

1

𝑇𝑎𝑝𝑝

FRAME

Data sheet

Construction 

analysis

Literature 

research

Literature review
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Example of application: FPGA Xilinxp
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Successful application of FRAME
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 FRAME can be applied to any electronic component, for example:

• Deep-submicron (DSM) digital components: 

• FPGAs:

• Xilinx XCZU9EG

• PolarFire MPF300TFCG4841930K1A2N1IS KOR

• Memories

• DDR3 MT41K256M16TW-107-AAT.P

• DDR4 MT 40 A 512M16 LY 062 E 1Ynm

• WBG components:

• GaN:

• GaN FET 100 V: EPC2045

• SiC:

• SiCRET project: SCTW40N120-xxxx
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SMART Reliability
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Need of capitalization:

 Creation of database of all the analysed devices

Need of a user-friendly interface

 The final user has to be able to just “play” with the mission profile; no need to 
know the model behind

Need of security

 The mission profile is an extremely sensible information

Development of a new software: Smart Reliability© in collaboration with TECHFORM
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SMART Reliabilityp
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Model 

parameters

Mission 

profile 

+

Failure 

criteria

Lifetime calculation
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Conclusionsp
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FRAME has bees successfully applied on four different DSM components 

FRAME has bees successfully applied on SiC component (SiCRET project) 

FRAME is being applied to a GaN transistor from EPC 

SMART reliability allowed the capitalization of the analysed components
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What is next…p
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 Presentation of SMART reliability @ Areospace valley webinar (date tbd)

 Presentation of FRAME:

• NRTW conference (13-14 October) at IRT - Toulouse

 Workshops:

• HCI physics with prof. A. Bravaix (May 2021)

• GaN failure mechanisms with prof. Meneghini and Meneghesso at the University 

of Padova (date to be defined)

 Application of FRAME to other projects :

• SiCRET

• GaNRET



Durability of SAC305 board-level assemblies

Work-package 4

Contact : pierre.roumanille@irt-saintexupery.com
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Motivation & backgroundp
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• Pb-free solders since 2006 : SnAgCu alloys

used in surface mount assemblies

• Solder failure by (thermo)mechanical fatigue :

• Depends on SAC initial microstructure

• Strong relationship with microstructure evolution

• Need more accurate description of the solder failure mechanism

• Need better damage metrics and fatigue models that consider

the impact of solder microstructure for :

• Design and virtual testing

• Acceleration models

QFN68

BGA288

𝑋 = 𝐾 𝑁 𝑐

Fatigue criterion

Cycles to failure

The goal of the WP4 is to take into account the solder anisotropy and the 

microstructure evolution for failure analysis and grain-scale modeling
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Approach in solder durability assessmentp
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T°

t

125°C

-55°C

Accelerated Testing

Thermal and mechanical cycling

Failure electrical detection and lifetime analysis

Comparison between different types of 

components and fatigue tests 

Microstructure investigations

Solder initial state and failure mechanism

Relationship between failure and microstructure evolution

Comparison with failure detection results

Finite element analyses

Location of stresses and strains in 

solder joints

Correlation with failure results

(cross-section, detection) 

Taking into account solder anisotropy

for more accurate outputs

Top view of BGA solder 

balls (polarized light)
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Thermal cycling [-55 ; 125]°C : solder lifetime analysisp
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R1206

QFN68

BGA288
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4-wire resistance monitoring

Failure detection
Daisy-chain n°3 : 

joints under die edge

Si die (low CTE)
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Life data analysis

Impact of CTE of die and 

epoxy molding compounds

EMC (low CTE)

Failure criterion

IPC9701
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What are the SAC305 solder failure mechanism steps ?

How does the solder microstructure control cracking that leads to failure ?

What is the initial microstructure impact on solder failure ?

0 TC 135 TC

500 TC 700 TC

Tin grain orientation map

EBSD with

0 TC 225 TC

500 TC 700 TC

Recrystallized tin grain size map

Recrystallization : creation and rotation of

new small tin grains in the most stressed

regions

Favorable path for intergranular crack

propagation

E. Ben Romdhane, ECTC2021

E. Ben Romdhane, ESREF2021
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Thermal cycling [-55 ; 125]°C : microstructure investigationsp
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T0

Thermal cycling

R1206

BGA288

Ag3Sn precipitate coalescence and 

loss of dendritic structure in the most

stressed regions

Ag EDS map

t0

Thermal cycling

t0

E. Ben Romdhane, ECTC2021
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Thermal cycling [-55 ; 125]°C : microstructure investigationsp
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0 EBSD data → indicators of microstructure degradation

• Ag3Sn precipitate size

• Tin grain size

• Tin grain boundary angle

Looking for a SAC alloy damage criterion

• common to any type of solder joint

• to correlate with crack initiation and propagation

• to correlate with failure detection results

• to use in a microstructure-based fatigue model

135 TC

500 TC

700 TC

Tin

Tin-silver

Particle density threshold

Degree of recrystallization

E. Ben Romdhane, ECTC2021
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Finite element analysesp
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Figure 1. Effect of the c-axis orientation of the corner joint A1 on the neighbouring bumps; (a) A1 with a c-axis 

orientation parallel to the substrate, (b) A1  with a c-axis orientation perpendicular to the substrate 
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(a) 

      
 (b) 

 

Figure 1. Effect of the c-axis orientation of the corner joint A1 on the neighbouring bumps; (a) A1 with a c-axis 

orientation parallel to the substrate, (b) A1  with a c-axis orientation perpendicular to the substrate 

 A 6       A 5      A4         A3         A2         A1

Finite element model of BGA solder joints with different tin crystal orientations

EBSD crystal orientation map

Effect of as-reflowed microstructure on 

thermomechanical behavior of solder joints

Correlation with experimental data 

(location and probability of first failure)

Definition of a fatigue criterion for the 

modeling of solder damage

Finite element model a BGA288 component

E. Ben Romdhane, ECTC2020



3
0

/0
4

/2
0

2
1

© IRT Saint Exupéry • All rights reserved • Confidential and proprietary document

Mechanical cycling : alternative to thermal cycling ?p
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Can we go faster than standard testing ?

1,4

1,5

R
é

s
is

ta
n
c
e

 (

)

Nombre de cycles

4-wire resistance monitoring

PCB strain measurement

Fatigue lifetimes

Stresses and strains in 

solder joints and PCB

4-point cycling bending

Comparison with

thermal cycling

Failure mode(s) 

and mechanism

Pad cratering

Solder cracking

Failure criterion

JEDEC 22-B113
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Conclusionsp
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Detailed description of the SAC solder failure mechanism

(microstructure degradation, crack initiation and propagation)

Comparison between the measured solder fatigue lifetime

(electrical monitoring) and the failure mechanism steps

EBSD data allow the search of a microstructural criterion

that describes solder damage and failure

Tin anisotropy (grain orientation) is considered in microstructure

and failure analyses as well as in finite element analyses

Solder mechanical and thermomechanical fatigue behaviours are

compared in order to implement faster board level testing



Conclusions

FELINE
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What is next…

Après FELINE 

Projet GaNRET
(date cible Octobre 2021)

Lot 1 Fiabilité des composants 

Projet SiCRET
(KOM 05/2020)

Projet OCEANE 
(KOM 04/2021)

Projet SOLER 
(date cible Juillet 2021)

Lot 2 Radiation

Lot 3 CEM

Lot 4 Assemblage électronique
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