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Bridging Emerging Technologies to Harsh Environment Operation !

Natural Radiation Immunity
Tackling SEE and TID in COTS emerging Technologies

GENERAL CONTEXT & MOTIVATION

*MASSIVE INTRODUCTION of Commercially Off-The Shelf (COTS) components DENSIFICATION (weight/volume -effectiveness) of DIGITAL and POWER

electronics functions (e.g. Mechatronics)!

»Safe Operating Area (SOA):

Commercial Off-The-Shelf (COTS) components in the operational and environmental conditions of their applications.

s+ The present activities aim to.

\/

mechanism of Single Event Effects (SEE) in these devices.

< Applied Research : We investigated the possibility of using two complementary test techniques (Xray, Laser) to evaluate the sensitivity of commercial

HEMT GaN devices to single event effects.
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Synergy with facilities | |

Industrial Qualification Activities
GOAL: Evaluation of SOA for Emerging WBG Technologies

Sample preparation (openings,

:> Reverse engineering
From emerging analysis (15t level) to select @ bonding...) in the case of heavy ions, the beam %

£

MAIN ACHIEVEMENTS

Applied Research Activities

GOAL: Correlate, Analyze and Understand the results
Failure Analysis

Design and EPC 2046

COTS components the beam characteristics (LET, cannot penetrate the metal and the packaging development of the Damage on the gate interface was
range...) GS66508P s test bench The damage in the gate structure could explain observed with melting of P AlGaN
N e VDD the gate leakage. The damage is located at the layer.
Rd = 10kQ edge of gate.
SEB detection
Ca=tink — [Vds |~ No physical defect was
° The origin of SEE in normally-off GaN power found on the active region
Drain transistors is probably the rupture of the
i dielectric passivation layer (SiN)
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Heavy lon SOA: NEUTRON SOA:

EPC & GaN Systems & P i
2N SYSIemS & Fanasonic Overall positive results (could be suitable for aeronautic

and automotive applications including Cascode
components

- > 50% of maximum rating Radiative beam

LMG3410 > <5% (Not suitable for space applications)
TRANSPHORM - < 15% % (Not suitable for space applications)

SEE characterization and determination of the SOA

A single spot damage on
the die surface. These
damage is randomly
located.

High energy overstress in local area
could be considered as a root cause of
the failures.

Proposal scenarios
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Understand failure mechanisms and correlate
experimental, modeling and failure analysis

v' M. Zerarka et. al, Microelectron. Reliab., vol. 88-90, pp. 984-991, Sep. 2018. M. Zerarka, et. al, IEEE Trans. Nucl. Sci. 64 (8) (2017) 2242-2249. /| M. Zerarka, et. al, Proc. Eur. Conf. Radiat. its Eff. Components Syst. RADECS, vol. 2020-Septe

Source: Projects FELINE (2017-2021)

Roadmap Industrial (Qualification) Activities

BACKGROUND & ROADMAP IMMUNITY

ROADMAP

It is essential for the Space, Aeronautics and Automotive industries to characterize the radiation robustness of these new

< Industrial Qualification : Electrical behaviour of normally-off GaN power transistors under various radiation sources (heavy ion, neutron, proton, Co60,...) .
test campaign was carried out to assess the sensitivity to cumulative dose effects (TID), determine the safe operating area (SOA) and analysis the
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Basic Research Activities
GOAL: Development of Innonative Methodologies
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Modeling the charge

:distribution in a GaN HEMT \5

Experimental setup
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" Configure laser source
| Python Set laser ener; gy
" script
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penitration

Pulsworks Scanning
Zone location software —
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—] Mapping of the peakh%eak
amplitude of short transients

2D distribution of the
generated pair density

Failure analysis <{*

ncrease of the static
gate and drain currents
by a factor >100s

v' C. Ngom, et. al, IEEE Trans. Nucl. Sci., vol. 68, no. 8, pp. 1642—1650, 2021 / C. Ngom, et. al , Microelectron. Reliab., p. 114339, 2021. / C. Ngom, et. al , Proceedings of the 2021 (RADECS), / C. Ngom, et. al, Nuclear and Space Radiation Effects Conference (NSREC), 2021
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Roadmap Applied Reaserch Activities

2014-2018

TO RADIATIONS 2014-2018 2018-2022 2022-2026 2026-2030 BACKGROUND & ROADMAP IMMUNITY
TO RADIATIONS
_ FELINE GANRET Future Projects
SICRET
System TRL 9
Development
—_ & operations TRL 8
System TRL 9 SOA of SEE Improvment of COTs testing & —
Development ) . (Heavy lon, Neutron, Proton>WBG) Measurement Techniques Algorithms /
& operations _ Destructive testing more dynamic testing for WBG rechnology gy 7 . .
—_ Demonsiratiog Numerical modelling
sensitivi Statistical test approach L. TRL 6
Technology gy 7 to TlDty (neutron >WBG) Anticipation of new Effects (DD, Muons _—

Demonstration

for more compact technologies,...) S
ecnnoiogy FRING

_TRL 6 Development
) TRL 4
;zg?:;;on?ngRL ° Nondestructive SET as destructive event precursor Nondestruciive Al i h
. testing for an extrapolation to other ternative approac
TRL 4 testing (Neutron, Proton>WBG) e G T e Research to .
prove to conventional
feasibility .
Research to facilities
prove
feasibility M X .. . . Basic
utual effect on Ageing & Radiation immunity Extension to the FRAME&FIDES model Technology
S S R h
Basic Reliability & Radiation e
Technology Mutual effect on Rbustness & T
echnolo
Research Radiation immunity ReadinesgyLeveis Hardening
Technology (TRLs)
Readiness Levels
(TRLs)

2018-2022 2022-2026

2026-2030

FELINE GANRET Future Projects

SICRET

Calibrating TCAD modeling for new

MC moodeling ‘GEANT 4’
generation of COTs with a focus on

for WBG technolo
( ay) WBG
TCAD simulation
(for WBG technology) MC & FE modeling improvement /

Circuit simulation

Develop other possible bridge
Pro/Heavy ion

pulsed laser 3 PA accessible solution for WBG
mapping)

X-Ray focused (A solution to metal & packaging penetration)

Hardening by Process or Design
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