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Bridging Emerging Technologies to Harsh Environment Operation !
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GENERAL CONTEXT & CONTRIBUTION TO ELECTRIFICATION CHALLENGES
Enable Increased Electrification of Systems by Focusing on DEPENDABILITY* of Embedded Electronics

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

<*DENSIFICATION (weight/volume -effectiveness) of DIGITAL and POWER
electronics functions (e.g. Mechatronics)!
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GaN Power Transistors [Source: GaN Systems - EPC]
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—> Improve ROBUSTNESS
- Improve DURABILITY (cope with intrinsic defects)

Understanding Of
Underlying PoF/F*

* Physics of Failure & Fault — from component to board/equipment

l l BY Combined

Experimental + Numerical (FE models) + Theoretical

Better MANUFACTURE (manufacturing-for-reliability)
—> Eliminate Defectivity (reduce extrinsic defects)
—> Increase Robustness and Durability

Methodologies/Tools

Built-in TRUST !!!
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Innovative Methodologies & Tools |

Electromagnetic Compatibility (EMC) behavior (component to board)

Fast Virtual Prototyping
(DfR, EMC compliance, Technology Eval.)

Certification / Qualification Support

Reliability (CFR / EOL) / Obsolescence Management

Implementation Roadmap

Bons EMC modes and standards from PCB to components
Planned LEINFSe &7 NFSi
Tool development and Optimization
& Plat Natural Radiation Immunity based on experiments and models
atforms
Radiation induced failure mechanisms analysis and understanding

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

Pulsed Laser / X-ray g
Innovative Methodology and Tool |

~ Works properly (under given specs) AND for given
working conditions (self-induced and environment)

In Severe Operating
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Reliability = ROBUSTNESS + DURABILITY

Conditions !!!

IMPLEMENTATION STRATEGY

Proposed Added Value

Bridging (COTS™ based on) emerging technologies to harsh environment operation

EMC/EMI Radiated/Conducted

Electro-Thermo-Mechanical
Induced/activated phenomena
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(1) Semiconductors components (Deep Sub Micron (FDSOI, FinFET, 3D), WBG based transistor (GaN and SiC)...) and Electrochemi
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The Future in Motion

- Code optimization for smart FPG control (p.e. EMC active filters)
- DSM (FPGA/DSM) programming for reliability
- Margin Agent Embedding (health and usage monitoring)

High voltage energy > HVE

High Reliability Energy > HRE

High density energy > HDE

Metallic materials and processes > MMP
surfaces [ assemblies > sAS

Composite materials > CMA

Advanced Learning > ADL

Al for critical systems > AiC
Autonomous Connectivity & Detection > ACD
Systems Engineering > SYE

Multi Discipline Optimization > MiDO
Critical Embedded Systems > CES
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Battery and Fuel Cell Reliability
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Electronics assembly and insulator Reliability
(Cross-over with High Voltage Energy CoC)

Jean Michel REYNES - PhD

Power Semiconducteur Technology
CoC)

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

Sebastien SERPAUD m

Valeria RUSTICHELLI - PhD Electromagnetic Compatibility - component to equipment

DSM and WBG Semiconductor Reliability

Moustafa ZERARKA - PhD
Semiconductor reliability and Natural Radiation Immunity
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Head of High Reliability Energy
Center of Competences
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SOME INDUSTRIAL TRANSFERT AT A GLANCE

lure Risk Assessment Methodology (FRAME)
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Qualification Protocols
SIC MOSFET

LEVEL 3 !

1 LEVEL 4

i literature are not sufficient
: 2 Ilesting is necessary

XLINX ULTRASCALE-PLUS

him):

Revealed effects

= Charge trapping (BTI) = parameter drift

Stressors / Levels

= |nitial characterization / selection of tested devices
= Main influent parameters on Vth / Rdson drift

= |nfluence of variability of device characteristics

= Test procedure

Relative voltage regarding the initial voltage
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o (eV) allure L.ntenon E I t 0‘85 -
B iPa) ec rO' Modification of the set
- -ITGB-REL of parameters thanks to
Expected results an optimizer
= Failure mode and localization Heea Therm 0' 0.8 ; : : : : : : |
= Acceleration factor Source: FELINE Project (WP 1) 0 100 200 300 400 500 600 700

Time / hours (3600 s)

Mechanical
Phenomena

Source: FUCHYA Project 2015 - 2019
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DoE 2 - Charge trapping (Vih drift)

(above max rating)

Gate voltage Temperature Initial Vth distribution
= e E e e e Obsolescence Management
Use fapplication) sy 18V -407%¢ S175 T
Device Max rating 10V =22 v -55 "C # 200 °C
Above max rating 200°C-250°C

Obsolescence investigation by NFSe measurement

Relia.

Willbe chosen after i

mvestigation phase - Close to use lewel

Natural I

- | Initial characterization
| = Selection of device (BV)
= ALTER test program”
= Vth "
= Ighl

. -2

C(V) hysteresis "
C(t)

"1 Measuredin LAAS

2 To be implementedin LAAS (CW43)

To be developedin LAAS (CW49)

Intermediate measurements / Readouts
= Readouts : ALTER test program @ Room temperature

After stress characterization
= Vth " with different waiting times

ZYNK XCZU9EG (16nm))
H 1.05 Generation of an initial
Operational Conditions : H2/air — 1.2/2 - 160 C - Pressions : PA —MEA, set of parameters
Mission profile | SMARTRELIABILITY Tool
% and failure  ——————= 1  poF model n o| Testing
criteria ] L = ET 1 hﬂ‘ ' Calculation of cell
- voltage according to the
....................................... : Eq. (5)
; given set of parameters
Im‘ﬁm A 0.95 Calculati | fth
!._ ) assessment HAm?): : alculation of the error
L Beim): between voltage
E measurement and model
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Random generation of
parameters values
between defined bounds

Cell voltage modeled by

Sum of the gquadratic
error for all
polarization curves

Collect of the
final set of
parameters

S. Rigal et al. Elsevier FCFD 2019

Radiation . Radiated &

Source: FELINE Project (WP 3)

] |g 1
= ((V):CgsandCgd?

IEEE bus Emission

Immunity Conducted

= Interruption effect on Vth recov.
= Methodology to measure Vth
= Drift Vth saturation or not (New traps or not)?

Influence of low temp ?

ALTERtest program* : include measurements at 3 levels of temperature including a negative temperature

Source: SICRET Project 2020 - 2023

TCAD Modeling of SEE
Heavy lons Models

Ion at FP edge

lon at Gate

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

Source: FELINE Project (WP 2)

SOA definition
For WBG (SiC and GaN) technologies

Failure site between
Gate Metal and Metal 1

Old version New version

S. Serpaud et al. IEEE Transaction on EMC 2020

GEMSEO : Multidisciplinary Design Optimization (open software)
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field plate
Metal 1 Source: FELINE Project (WP 2) . . .
= e e Harness Disturbance coupling Modeling Tools
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200, Pt ST T T T Lo
—_— — ' Investigation modelling/simulation analytic (1D, 2D) tools
3030 . . '+ Harness disturbance coupling modelling : SCALP (Scilab)
,,,- o = a &8 K .+ Indirect N-Ports measurement de-embedding tools
,§' 55? é‘y é" $ § F- 1 ‘é_ﬁ',’ . * Near Field Propagation : NFS,RE (PWS approach)
¢ ¢ ¢ g & & S éé? : * PCB modelling : MESSA (Python)
< : * Uncertainty management : Bayesian calibration (Python)

EXAMPLE OF SCIENTIFIC ACHIEVEMENTS

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

Multimechanisms Multistressor Reliability Models

[TDDB

[BTI

Durability Analysis & Models

+ Time Dependent Dielectric breakdown + Bias Temperature Instability - . - -
o3 - T _ Fatigues in lead-free (SAC) solder joins
—= | kov model generalized (similar to COX model (**)) .'il?o' \ . .
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Robustness investigation Know-how
Short circuit in SIC MOSFET

Hot spot area without aluminum removed

Electro-

St

- B-Sngrainsize"

Number of thermal cycles

Ag;Sn coarsening

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

Thermo-
Mechanical
Phenomena

The High-power stress apply on the BGA solder joint after 1300 cycles

component makes a thermal-
mechanical stress on ILD
leading to aluminum propagation in the

Y. Barazi et al.

- Energy 2021

crack inducing electrical leakage

Natural
Radiation
Immunity
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EMC/EMI
Radiated &
Conducted

Obsolescence Management

EMC requalification by “black box” modeling
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