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Some statistics

) Total of 152 participants
] 17% of woman
] 38% are MSc or PhD students

1 20+ countries:
= Switzerland — 29
= France — 28
= Germany — 19
= United States — 18
= [taly—11
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Introduction to OMERE: a tool for space environment and
radiation effects on electronics devices Il

Coffee Break
Mitigation of Soft Errors at Circuit Level - Ricardo Reis
(UFRGS)

CELESTA project

Lunch break

Exam

School Closure

Visits to CERN installations




Software Training

First time software trainings are

provided at SERESSA

J 2-hour training sessions

J Hands-on experience

SERESSA 2022

B o —eecimuy E Aﬁ oS+

Introduction to G4SEE:

a toolkit for simulating radiation effects in electronics

Abstract:

GASEE, a novel Geant4-based Monte Carlo simulation toolkit is being developed at CERN for
the radiation effects community, and released as a free and open-source code. It has been
already demonstrated and validated experimentally by measurements of inelastic energy
deposition single events of monoenergetic neutrons below 20 MeV. These two hands-on
lectures will give an introduction on how to use the GASEE toolkit in simple, but real-life
scenarios to simulate, analyse and better understand the nuclear physics of Single Event
Effects induced by neutrons and protons in microelectronic structures.

GASEE website: https://cern.ch/g4see

Short Bio:

Dévid Lucsanyi was graduated at Budapest University of
Technology and Economics (BME) in 2016 as an Applied Physicist
specialised in Nuclear Technologies. He joined CERN TOTEM
experiment as a Technical student to work on solid-state
detector R&D, then European Space Agency (ESA) as a Young
Graduate Trainee (YGT) working on the development of Pyxel
astronomical imaging detector effect modelling framework.
Since 2020, he is working in CERN Radiation To Electronics (R2E)
project as a Fellow on Monte Carlo simulations and analyses of
Single Event Effects (SEE) and development of the G4SEE
simulation toolkit. In his freetime, he works for Puli Space
Technologies, as the Lead Payload Scientist of the NASA prize
winner PLWS lunar neutron spectrometer instrument.

Organizers:
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Introduction to OMERE:

a tool for space environment and radiation effects
on electronics devices

Abstract:

This talk introduces the OMERE freeware and its capabilities. OMERE is a tool developed by
TRAD with the support of the CNES according to the need of major actors of the European
space industry. It is dedicated to accurately model the space environment for earth and
interplanetary missions with industry approved and up to date environment models as well
as estimate its effect on electronic devices. During this talk the main capabilities of the
OMERE software will be showcased and we will go through the different steps necessary to
perform calculations.

Short Bio:

Léo Coic is a radiation engineer at TRAD. He received his
master’s degree in Space Systems Engineering from ESTACA
(France) in 2020. Focused on the effects of radiation on
electronic devices, his main activities involve working on single
event effects analyses for the industry and R&D studies focused
on simulation and experimental characterization of single event
effects sensitivity in advanced technologies.

Organizers:
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Technical Visits

] On Friday, 09/12, from 15h to 17h.
= to the Synchrocyclotron (SC), the first accelerator at CERN, and;

= to ATLAS, one of the LHC experiments

Meeting point = Reception (Building 33) at 14:50
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R2E student grant

] 5 student grants:
= Arijit Sengupta, USA
= Saulo Alberton, Brazil
= Mahammadreza Rezaei, Spain
= Stefano Marinaci, Belgium
= Luca Weninger, France

] Selection Committee:
* Dr. Rubén Garcia Alia
= Dr. Ygor Aguiar
= Dr. Andrea Coronetti

SERESSA 2022

SERESSA 2022

5th to 9th of December at CERN, Geneva

@ CERN R2E Student Grant

Rz E Application Deadline

September 15th, 2022.

The Radiation to Electronics (R2E) project at CERN will provide five (5) student
grants to support outstanding and highly motivated students willing to enhance
their knowledge in radiation effects in electronics.

To participate to the selection process, check our website:

https://indico.cern.ch/e/SERESSA2022

Organizers: & /@ Zr=C m=UM

AEROSPACE GROUP

Closing Ceremony — Ygor Aguiar, CERN



RESSA Best Student Posters Award

15t Place:

Natalija Flir, Corinna Martinella, Ulrike Grossner, Piyush Kumar

and Marianne E. Bathen

Investigation of material damage caused by
heavy-ions in degraded SiC Schottky diodes

SERESSA 2022

ETHzirich

Investigation of material damage caused by
heavy-ions in degraded SiC Schottky diodes

N. Firt, C. Martinellal, P. Kumar?, M. E. Bathen', and U. Grossner!
1Advanced Power Semiconductor Laboratory, ETH Zurich, Physikstrasse 3, 8092 Ziirich, Switzerland

E-Mail: nfuer@student.ethz.ch

1 Introduction

SIC Schottky diodes:
* Low on-state voltage.
* Minimal turn-off switching loss.
« Almost no reverse recovery behaviour.
> Interest of the space industry towards SiC power devices has
increased.
> Radiation environment limits the adoption.

> Current commercial technologies of SiC power devices are
sensitive to radiation.

= Risk increase of single
event effects (SEEs).

1. Summary of radiation responses observed
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3 Minority Carrier Transient Spectroscopy
po<icy
MCTS:
«+ investigation of
electrically active
point defects in a
semiconductor.

365 nm optical pulse
is for 100 ms, while
reverse biased at
Vr=-5Vand-10V.

+ Start was in range 3
20-300 K, with 50 K Fig. 3. minority carrier transient spectroscopy (MCTS)
steps until 450 K.
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4 Results and Discussion

Vrir =500 V: SELC.
Vrir =300 V:  No SELC and generally no SEE signatures.
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Fig. 4.
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5 Conclusion

« The levels associated with Boron increase in intensity after
irradiation for both samples (with and without SELC signature).

+ Consequently, a change in defect distribution was observed
even though no sign of electrical degradation was reported
after the heavy-ion irradiation.

« The results indicate an early stage of electron trapping in the
defects, and an interplay of the defects caused by the
irradiation with residual Boron, a common impurity introduced
during the SiC growth.

References

(1) G, Mortint, M. €. Befen. A ievenminon, U. Grossnr. Heavy-on-nkiced deacs -w-dvd
SIC power MOSFETS’, presented at ICSCRM 2022, Davos 11-16 September 2022,
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SERESSA Best Student Posters Award

2"d Place:

Arijit Sengupta, Arthur Witulski, Dennis Ball, et al.

Design of SEB-hardened Silicon Carbide Power
Devices for Space Applications

SERESSA 2022

Design of SEB-Hardened Silicon Carbide Power
Devices for Space Applications

enguptal, A.F. Witulski', D.R. Ball', R. D. Schrimpf!, K.F. Galloway?, R. A.
Reed’, M. L. Alles!, M.W. McCurdy’, A.L. Sternberg’, E.X. Zhang' and B. Jacob?

Department of Electrical and Computer Engineering, Vanderbilt University, Nashville, TN, USA

2General Electric Global Research, Niskayuna, NY

Introduction

silicon Carbide (SiC) devices are an excellent choice for high power density, high switching

frequency, high voltage applications as seen in Fig. 1. The SiC devices have:
1. Higher Breakdown Voltage (~ 10x vs. Si)

2. Lower On-State Resistance (~1/100 vs. Si)

3. Higher Temperature Operation (~3x vs. Si)

4. High Thermal Conductivity (~10x vs. Si)

However, SiC power MOSFETs and junction barrier Schottky (JBS) diodes are both susceptible
to heavy-ion irradiation, including single-event leakage current (SELC) induced degradation, as ~ Fis-

well as single-event bumout (SEB), as seen in Fig. 2.
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SEB-Hardened SiC Devices

+ Space environment comprises of
trapped particles such as protons,
neutrons and heavy ions, solar protons
and heavier ions, and galactic cosmic
rays (GCRs) as shown in Fig. 3

But currently, there are no rad-hard
' SiC devices that can be operated
e o Spcn Eniee reliably overa bias voltage of 250 V in
K. Endo, NS Japer space environment

* In collaboration with GE Research, Vanderbilt Unlverslty has designed
rad-hard SiC MOSFETs and diodes for the SA Lunar Surface
Technology Research (LuSTR) program that are |n(ended to be reliably
operated up to 1200 V without any catastrophic SEB as shown in Fig. 4

« Previous research at Vanderbilt has shown that the mechanism of SEB
in SIiC devices is related to electric field modification that results in a
nearlv short circiit betwear, .‘.1:,"""" and tha drain rantart_

N-drift layer
(epitaxial layer)
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+ Heavy-ion testing at VU Pelletron showed no SELC induced degradation
or SEB up to a bias of 1400 V as shown in Fig.5 (left)

+ Heavy-ion testing at TAMU Cyclotron showed SEB at 500 V with long-
range ions, as shown in Fig.5 (right)

Forward Bss Votage, Vi [V
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o e g e Bk o T3 s V) P ot

. Pre—rad and post-rad sweeps show the JBS dlodes were fully functional

for the target design, afler Sengupia o al, APS'DS 2022.

+ Results from a new experiment at the Vanderbilt Pelletron, shown in Fig.
5(a), demonstrated that for short range ions that do not fully penetrate

with short-range ions at VU Pelletron but failed post-
|rrad|anon with long-range ions at TAMU Cyclotron
+ 1700 V and 3300 V SiC devices were also irradiated at TAMU Cyclotron

the epitaxial region, the ions are ble of causing any
damages such as SELC induced degradatlon or catastrophic SEB

« This supports the concept of increasing the epitaxial layer thickness to
combat SEB in the devices up to a higher bias voltage. The specific on-
resistance and breakdown voltage have been plotted in Fig. 4 in terms of
the epitaxial thickness

+ Two new devices are being fabricated leveraging existing 3.3kV design
to speed up the design flow, and optimizing epitaxial thickness based on
data shown in Fig. 7 and an estimated range of SEB performance for the
new device is also shown
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idea of increasing the
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. ! !s !om !e recent expenimental an! simulated heavy-ion responses in SiC power devices indicate that ions having range less than the epitaxial

thickness do not cause degradation or catastrophic failure even above the rated breakdown volvage

+ Heavy-ion irradiation test results and device simulations have been used to

for SEB and

the
electrical performance resulting in a simulated design that meets the LuSTR goals for electncal breakdawn SEB vohage boundary, and on resistance

gate and source design and modified su

a4.5kV derated device

The newly fabricated devices use the epitaxial thickness of a GE 4. 5 kV device to achieve the targei SEB threshold combined with a freshly engineered
rface to redi penalty
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SERESSA Best Student Posters Award = “ s

S. G. Alberton!, A. C. Vilas Béas®, N. H. Medina', M. A. Guazzelli®, *Department of Nuclear Physics, University of Séo Paulo, Brazil
V. AP Aguiar’, N. Added!, C. A. Federico®, O. L. Gongalez®, 2Physics Department, Centro Universitirio FEI, Brazil
T. C. Cavalcante’, E. C. F. Pereira Jinior’, R. G. Vaz® 3 Institute for Advanced Studies, Brazilian Air Force, Brazil

pha particles and neutrons can induce Single-Event Effects (SEEs) in power transistors. Few studies have been published for alpha-particle- and neutron-induced

SEEs in UMOSFETS, the current main candidate to supplant the traditional DMOSFET technology, and in the state-of-the-art GaN-on-Si HEMTs. In this work,

experimental results of SEEs induced by 4.8 MeV alpha particles and quasi monoenergetic fast neutrons provided by a Deuteron-Tritium neutron generator in

DMOSFET, UMOSFET, and GaN HEMT are presented. The neutron-induced SEE responses of these devices are compared to the response of a silicon detector. The main

aspects of the ion-induced charge collection mechanisms in the UMOSFET are discussed. Based on an existing model from the literature for SEE worst-case response
rediction in DMOSFETs, an improved predictive model for SEB worst-case response in UMOSFETs is being develoj

+ Experimental « Transistor technologies * Alpha-particle irradiation
Devices under test (DUT) were positioned for

front-side irradiation. The charge collection

r ° spectroscopy was carried out by using standard
NIM electronics. In order to have better

ace: EmETEIE

BVps were chosen.
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* Alpha-particles: *4!Am radiation source with activity

Saulo Alberton, Alexis Cristiano Vilas Boas, Nilberto Heder R ol
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The SEB worst-case response in DMOSFETs can be studied based on the charge
deposition. A computational model is being developed to improve the SEB worst-
case prediction in UMOSFETs.

‘\\ 8

+ Computational = Wy i
A pseudo-drift-diffusion model proposed by Wrobel et al. (IEEE TNS, 2006) was AR
e e L used to calculate the alpha-particle-induced charge in the UMOSFET. The charge " s gy 71 w il -t
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Next steps
Systematic study comparing the SEE response of DMOSFETs and UMOSFETs (BVps =
(40,60,100,150,250] V) under alpha-particle, heavy-ion and neutron irradiation.
Tests with fast neutrons were carried out (under analysis). The heavy-ion-induced SEB

990 UMOSFET parsmeters were extracted from Scanning

LET curve in the UMOSFET % Vs wwmm"(ssm,.mwum,, r . avy
potiton 2 480 Mel. Cobemind by g’ by (om). \_Wworst-case response of these devices will be compared to the predictive models.
4. CONCLUSIONS
it at ion-induced carier isa prominent in the UMOSFET technology. In general, i esults from the alpha-particle and neutron experiments that the
'UMOSFET is more susceptible than the DMOSFET to suffer from SEEs, except for very low Vps. The high susceptibility to SEEs in the UMOSFET is attributed to its high cell density and the intense electric field
near the trench gate corner. Among the tested devices, the GaN-on-Si HEMT presented very high robustness to SEEs induced by We provide that the of Titus et al.
is relevant for SEB failure prediction in DMOSFETs. Athough this model i not able to reproduce the " UMGS T an mlemented computsioral model vas i
successfully reproduce the charge collection in the UMOSFET. Based on this model, an it i model lnr SEB. Pt in UMOSFETs will
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Thank you and
see you at SERESSA !
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