2021 21st European Conference
on Radiation and Its Effects on

Components and Systems
(RADECS 2021)

Vienna, Austria
13-17 September 2021

‘C I E E E IEEE Catalog Number: CFP21449-POD
: ISBN: 978-1-6654-3795-0



Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP21449-POD
ISBN (Print-On-Demand): 978-1-6654-3795-0
ISBN (Online): 978-1-6654-3794-3
ISSN: 0379-6566

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

.com

proceedings



Tables of RADECS 2021 papers

As usual, the Conference authors had a choice to submit their papers to the IEEE Conference
Record of RADECS 2021 and/or to the IEEE Transactions on Nuclear Science Journal, each path
of edition comprising its own Reviewing Committee.

As a result, a coherent Proceeding of the 2021 RADECS Conference results in the merging of two
lists of papers which result from these paths.

62 papers resulted in Conference Record papers and 40 papers in IEEE Transactions on Nuclear
Science papers. Both can be accessed in IEEEXplore, in the two different Sections.

Therefore, in the following we successively present two lists of papers ordered in two Sections,
subsequently ordered by their place in the Conference Sessions.

Section | — Conference Papers

These papers were submitted to the Conference Review Committee and appear in the RADECS
2021 Conference Papers in IEEE Xplore (Conference Section, RADECS 2021).

Their DOI appear in the bottom of their first page, first column.

Session A: Basic Mechanisms of Radiation Effects

Proton Irradiation Effects on Spin Orbit-Torque and Spin-Transfer Torque Magnetic
TUNNEI JUNCLIONS ...t rrrcs s s s e s e s e s s s s s ras s e e ma s s e e s ma s s e e mas s s e annsssssennnssssennnsnnsnnnnsnnrns 1
Odilia Coi, Kevin Garello, Gregory Di Pendina, David Dangla, Robert Ecoffet, and Lionel Torres

Plasma Effects in Silicon Detectors and the Two Photon Absorption Transient
CUITeNt TECHNIQUE .....cce e e e e e e e e e e e e e e e e e e e e e ennens 6
F. R. Palomo, M. Moll, M. Fernandez-Garcia, R. Montero, and I. Vila

Simplified Calculations of Radiation Dose-Rate Sensitivity of Bipolar Transistors ..........ccccceeeue. 12
Harold. P. Hjalmarson, Steven C. Witczak, Samuel Z. Roark, Renee Van Ginhoven,
Thomas Buchheit, Hugh Barnaby, and Philippe Adell

Session B: Radiation Effects on Devices and ICs

X-Ray Impact on Advanced High Voltage BCD Technology Platform...........cccociiiiimniinniciiinennns 17
M. Basso, A. Danesi, S. Bertaiola, A. Veggetti, A. Andreini, and P. Galbiati

Characterization of the Effects of Neutron-Induced Displacement Damage on the SiGe:C
Heterojunction Bipolar Transistors..........ciiiin i ———————— 21
Denis I. Sotskov, Alexander G. Kuznetsov, Vadim V. Elesin, llya A. Selishchev,

Vladislav N. Kotov, and Alexander Y. Nikiforov



Session C: Single Event Effects: Mechanisms and Modelling

Pulsed Electron Beam induced SEU Effects in a SRAM Memory ..........ccccvmmmmmiiinnniinnnssnssssnnnnnns 25
Vanessa Wyrwoll, Ketil Roed, Rubén Garcia Alia, Bjérn Delfs, Andrea Coronetti,
Wilfrid Farabolini, Antonio Gilardi, and Roberto Corsini

A Neural Network Approach for Single-Event Latchup Prediction Based on TCAD
Simulations in CMOS TeChNOIOQY .....cccouiiiiiiiiiiiiiiiiii e e e e e e e e e eeeaeseesaeeasseennns 32
D. Truyen, E. Leduc, L. Montagner, M. Briet, and A. Collange

Heavy-lon-Induced Avalanche Multiplication in Low-Voltage Power VDMOSFET .........cccccccvinnneee 37
S. G. Alberton, N. H. Medina, N. Added, V. A. P. Aguiar, M. A. Guazzelli, and R. B. B. Santos

Oxide Damage Induced Leakage Current Degradation in SiC MOSFETs during
Heavy-ion Irradiation ... —————————————— 42
Xintian Zhou, Shida Zhang, Yunpeng Jia, Dongqing Hu, Yu Wu, and Yuanfu Zhao

Micro-Latchup Location and Temperature Characterization in a 7-nm Bulk
0] =0 N 1= e 1 o[ T S 46
N. J. Pieper, Y. Xiong, A. Feeley, D. G. Walker, R. Fung, S.-J. Wen, D. R. Ball, and B. L. Bhuva

Session D: Single Event Effects: Devices and ICs

Impact of the Data Retention Threshold Voltage on the Cell-to-Cell SEU Sensitivity

OF COTS SRAMS .....ccoeuuiiiiiiiiireeeee i rrrrrrrrrsrsass s e e e e s an——a——rrrererannsssssrrererannnssssarrrreernnnansssssreerernnnnnnsnnn 53
Mohammadreza Rezaei, Arturo Arinero Panduro, Francisco J. Franco, Juan Carlos Fabero,

Hortensia Mecha, Manon Letiche, Helmut Puchner, and Juan Antonio Clemente

Neutron-Induced Faults on CNN for Aerial Image Classification on SRAM-Based FPGA

using Softcore GPU and HLS ... sssssss s ssss s s smmn s s e s s s s s s nnn 57
Fabio Benevenuti, Marcio Gongalves, Evaldo Carlos Fonseca Pereira, Rafael Galhardo Vaz,

Odair Lelis Gongalez, José Rodrigo Azambuja, and Fernanda Lima Kastensmidt

Single-Event Transient (SET) sensitivity into the Clock Networks of FPGASs........ccccccciiiciiiinnnns 61
N. Guibbaud, F. Miller, and T. Colladant

Experimental Test Approach for SEFI Categorization in Microprocessors ..........cccuvvvvrrinnssssssssnnns 68
S. Houssany, N. Guibbaud, F. Miller, T. Cheviron, and T. Colladant

7nm FinFET Technology Heavy ion SEL Evaluation using Xilinx Versal as Case Study .............. 75
Arnaud Dufour, Jérbme Carron, Frangois Pierron, Matthieu Fongral, David Dangla,
Guillaume Bascoul, Frangoise Bezerra, Julien Mekki, Florence Malou, and Pierre Maillard

Evaluation of the Xilinx Deep Learning Processing Unit under Neutron Irradiation...................... 81
Dimitris Agiakatsikas, Nikos Foutris, Aitzan Sari, Vasileios Vlagkoulis, loanna Souvatzoglou,
Mihalis Psarakis, Mikel Lujan, Maria Kastriotou, and Carlo Cazzaniga

Session E: Photonics, Optoelectronics and Sensors

Impact of Proton Radiation on Dark Current of InAs/GaSb Type-2 Superlattice Longwave
(111 = 1C=Ye [N 2 g Lo T Yo 11 =Y o3 o T SRRSO 85
Rodolphe Alchaar, Clara Bataillon, Jean-Philippe Perez, Olivier Gilard, and Philippe Christol



Dark Current Random Telegraph Signal in Visible and SWIR Direct Cu-Cu Bonding
[T €7 VX3 | 4 =T T3S =T o 1o T 89
V. Lalucaa, L. Calvinhac, and C. Virmontois

Session F: Hardening Techniques

SEU Mitigation on SRAM-Based FPGAs through Domains-Based Isolation Design Flow............ 93
Andrea Portaluri, Corrado De Sio, Sarah Azimi, and Luca Sterpone

Model-Based Design Code Generator Effects on Codes Reliability ..........cccooevviiiiiiiiiiiiiciiiiicccece, 97
Lucas Augusto Tansini, and Paolo Rech

Machine Learning as an Alternative to Thresholding for Space Radiation High Current

LSV 0 1 1Y =Y o o o NS 101
Adrien Dorise, Corinne Alonso, Audine Subias, Louise Travé-Massuyes, Leny Baczkowski,

and Francois Vacher

Session G: Radiation Hardness Assurance

Analysis of TID Testing of a Statistically Large Quantity of Parts ..........cccccciiiiiiiinninnnncccinnns 108
Jorn Voegtli, Richard E. Sharp, Lucy Oswald, Natalia Hong, and Benjamin Archer

Impact of Experimental Conditions for the Occurrence of Stuck Bits in
Commercial SDRAM ... i r e s e e s s s s s e e s s s s nassss s e e e e s snasssssssseeresnnmnnsssssssersrnnnnnns 114
J. Guillermin, L. Coic, B. Vandevelde, N. Chatry, and M. Poizat

Processor SER Estimation with ACE Bit Analysis ..........cccceevieiiiiiiiii e 122
Ting-Shuo Hsu, Dun-an Yang, Wang Liao, Masatoshi Itoh, Masanori Hashimoto, and
Jing-Jia Liou

High-Energy Hadron Testing and in-Orbit Single-Event Latchup
Predictions and BOUNGAIIES .........ciiieiiieiiiiiiiiciireirrser s rses s ssss s rea s s ssss s ssssrensssenssssnssssensssensnsens 127
Andrea Coronetti, Rubén Garcia Alia, Arto Javanainen, and Frédéric Saigné

PTA Based Availability Analysis of the Effects of Blind Scrubbing of UAV-UAV
Communication using SRAM Based FPGAS.........c.ccccei it 135
Mohamed Abdelhamid, Ayman Attallah, Marwan Ammar, and Otmane Ait Mohamed

Methodical Approach to SEL Tolerance Confirmation CMOS ICs at Low Temperatures............. 139
Marina M. Novikova, Alexander A. Novikov, Alexander A. Pechenkin, Vladislav P. Lukashin,
Evgeniya N Oblova, Albina R. Gritsaenko, Dmirty E. Protasov, and Alexander S. Tararaksin

Session H: Radiation Environments

Radiation Field Study in ATLAS: ATLAS-TPX Measurements vs Geant4 Simulations................ 143
T. Billoud, B. Bergmann, I. Dawson, M. Huhtinen, C. Leroy, S. Menke, and S. Pospisil

Development of a Miniaturized Reference Dosimeter Payload for SmallSat Applications.......... 147
Christoph Tscherne, Michael Wind, Lukas Huber, Marcin Latocha, Andrea Coronetti,

Ivan Slipukhin, Slawosz Uznanski, Ruben Garcia Alia, Andreas Hérmer, Reinhard Zeif,

Otto Koudelka, Heinrich Fragner, Andreas Dielacher, Camille Pirat, Franco Perez-Lissi,

Giovanni Santin, and Peter Beck



Design of a Space Radiation Monitor for a Sounding Rocket and Results from the First

Turkish Sounding Rocket Flight............e e 153
M. B. Demirkéz, A. Albarodi, U. Kilig, A. B. Can, E. Karadéller, D. O. Boztemur, M. Aktas,

T. C. Atasever, and C. Zorlu

Investigtion of Inner Belt Flux ANiSOtropies ... 160
F. Enengl, H. Evans, and R. B. Horne

Space Environment & Effects Satellite (SE&ES) Mission Concept Feasibility Study .................. 164
P. Jiggens, J. Vennekens, P. Lux, N. Lawton, S. Clucas, C. Poivey, D. Steenari, H. Evans,

M. Millinger, V. Braun, S. Mutch, M. Khan, M. Verhoef, G. Salinas, C. Terhes, B. Sousa,

K. Benamar, Y. Le Deuff, M. van Pelt, M. Magazzu, T. Wablat, D. Lomanto, P. Nieminen,

S. Rason, and V. Ferlet-Cavrois

Session I: Facilities and Dosimetry

Heavy-lon Charge Yield Measurement by Floating Gate Dosimeters...........cccccriiiiiicieennenennnnnns 168
Matteo Brucoli, Salvatore Danzeca, Aleksander Waage, Alessandro Masi, Rubén Garcia Alia,
Bartomeu Severa Mas, Alvaro Pineda, and Veronique Ferlet Cavrois

Ultra-High Dose Rate Pulsed X-Ray Source Monitoring Based On Radioluminescent

[\ D ToT o T=Ye I @ o o= I | = o 172
Jeoffray Vidalot, Cosimo Campanella, Julien Dachicourt, Claude Marcandella, Olivier Duhamel,
Adriana Morana, David Poujols, Gilles Assaillit, Marc Gaillardin, Aziz Boukenter,

Youcef Querdane, Sylvain Girard, and Philippe Paillet

Silicon Solid-State Detectors for Monitoring High-Energy Accelerator Mixed Field

Radiation ENVIFONMENES.......iiciiiiiiii s rsa s rss s rs s s sa s s s e a s s ea s s s aa s s anas s ena s rnnsssansssansnsnnn 179
Kacper Bitko, Rubén Garcia Alia, Mario Sacristan Barbero, Daniel Prelipcean, Carlo Cazzaniga,
Andrea Coronetti, Pedro Martin-Holgado, Yolanda Morilla Garcia, Giuseppe Lerner, and

Wojciech Hajdas

Design and Expected Performance of a New 60 MeV Proton Beam-Line

[ =Y o [ o= 2= o I o gl 2301 1 184
Petter Hofverberg, Morgane Antunes, Christian Armando, Jean-Marc Bergerot, Eric Bourrel,
Jean-Francois Dicarlo, Gerard Donadey, Serge Dumas, Jean-Claude Grini, Alex Giusto,

Joél Hérault, Yves Payan, Claude Salicis, and Richard Trimaud

Assessment of ICPO Proton Facility for the Radiation Assessment of Electronic Devices ....... 188
S. El Mimouni, N. Guibaud, F. Miller, A. Patriarca, L. De Marzi, G. Le Morvan, and
M. Vieille-Grosjean

Conceptual Design of a Novel Electron Radiation and Spacecraft Charging Test Platform

for CubeSat Dimensioned Devices Based on Laser-Driven Electron Accelerator....................... 193
I. Zymak, R. Antipenkov, L. Gongalves, G. Grittani, C. M. Lazzarini, S. Lorenz, M. Nevrkia,

R. Versaci, P. Bakule, and S. V. Bulanov

SEREEL2 - A New Laser Single-Event Effects Test System with Benchmark Results................. 197
Richard E. Sharp, Andrew Crombie, and Chris Chong



Session J: Alternative Testing and Rha Approaches

System-Level Uncertainty Quantification from Component-Level Radiation Effects .................. 202
Gabor Karsai, Nag Mahadevan, Arthur F. Witulski, Andrew Sternberg, Jeff Kauppila,
Philippe Adell, Harald Schone, and Ronald D. Schrimpf

Radiaton Tolerant ATTM-WRTU Wireless Infrastructure for Radiation Harsh

Terrestrial APPlICAtIONS ......cceeeeei e s e e s e e e e s nn e s s e e e e e nnnnn s 206
Aljaz Bernhard, David Sel¢an, Tomaz Rotovnik, Dejan Gacnik, Iztok Kramberger,

Salvatore Danzeca, and Gianluca Furano

Proposal of a Lightened Radiation Hardness Assurance Methodology for New Space.............. 210
Frangoise Bezerra, Julien Mekki, Gerald Augustin, Jérémy Guillermin, and Nathalie Chatry

Laser-Induced Transients in a GaN-on-Si Power HEMT using Si-SPA Optical Parameters........ 216
C. Ngom, V. Pouget, M. Zerarka, F. Coccetti, A. Touboul, M. Matmat, and O. Crepel

Searching the Damaged Area on IC Chip using lonization Response Mapping........ccccccuvsiininnees 222
Dmitry V. Savchenkov, Georgii G. Davydov, and Andrey V. Yanenko

General Purpose and Neural Network Approach for Benchmarking Microcontrollers
L1 o L= gl €= T 1= 1 1 Lo o 1 226
Marco Giordano, Rudy Ferraro, Michele Magno, and Salvatore Danzeca

Generating Proton Energy Spectra for Space Environment Tests with Laser Driven
Accelerators (September 2021)............... s 234
M. Yigitoglu Keskin, M. B. Demirkéz, and O. Culfa

Data Workshop Session

A Fully Integrated 1 MHz - 2.5 GHz Radiation-Hardened All-Digital Frequency Synthesizer ...... 238
M. Strackx, B. Van Bockel, A. Karmakar, S. Ali, B. Boons, R. Van Dyck, H. Marien, Y. Cao,
P. Leroux, and J. Prinzie

SEE Radiation Analysis and Mitigation on SAM3X8ERT Microcontroller...........ccccocmriiiiniiiiinnnns 242
Roberta Pilia, Remi Espinasse, Christophe Poulet, Francoise Bezerra, Laurene Gillot,
Benjamin Treuillard, and Simon Dumortier

SEE Characterization for a Quad 12-Bit 1.6 GSps ADC, Digitizing up to
6.4 GSPS (APFil 2027) ...cceeeiirriiiisrsrsrrr s ssssr s s rr e e s e n R R R e e e e e e e nnnn e e e nenen e e nnnns 247
O. Bonnet, R. Pilard, and S. Pelé

Total Dose Effects on Large Quantities of LM239N Comparators from Two Manufacturers ...... 251
Richard E. Sharp, Jorn W. Voegtli, and Edward Bradley

Single Event Effects Characterization of 55-65nm NOR Flash for Space Applications............... 256
B. Tanios, M. Kaddour, B. Forgerit, F. X. Guerre, and C. Poivey

Single Event Effects Characterization of 24-36nm COTS NAND Flash
for Space APPHICALIONS .........ee s s s s s s s nsssnsssnssnnssnnnnnnnnn 260
B. Tanios, M. Rousselet, F. Lochon, B. Forgerit, F. X. Guerre, and C. Poivey



Testing of COTS Multiplexer in the Framework of the ESA CORHA Study.........ccccoeeiiiiiiiciicccnnnes 264
Michael Wind, Christoph Tscherne, Marta Bagatin, Simone Gerardin, Lukas Huber,
Marcin Latocha, Alessandro Paccagnella, Marc Poizat, and Peter Beck

Non-Volatile Memory Destructive Failure in Standby Mode...........cccceeiiiiiiiiiiieeeee, 271
Pierre-Xiao Wang, Alexandre Bosser, Pierre Kohler, Thibaut Lopez, Frédéric Lochon, and
Gabriel Duran

TID Characterization of 24-45nm COTS NAND Flash for Space Applications ............cccceeeeinnnnneee 275
B. Tanios, O. Perrotin, B. Forgerit, F. Tilhac, F. X. Guerre, and C. Poivey

The SEE Test Results of the Different Analog Devices.........cccccccciiriiinninnnnnnssns s ssssssnnens 279
Anastasia A. Kalashnikova, Timofei A. Maksimenko, Alexandr E. Koziukov, Pavel A. Chubunov,
Maksim S. Kuznetsov, Radik R. Mangushev, Artyom A. Drokin, Aleksey V. Nilov,

Nikolai V. Bondarenko, Kais B. Bu-Khasan, Mikhail Yu. Vyrostkov, Mariia S. Maltseva,

Nikita G. II'yin, and Andrei S. Kukharev

In Orbit Programming and SEE Characterization of the Microchip RT

PolarFire® FPGA FabriC.........cccoiiiiiiiiseiinn s ssssssss s s sssss s s s s s ssmsss s s s s s nsas 283
Nadia Rezzak, R. Chipana, C. Lao, G. Bakker, J. Mccollum, F. Hawley, K. O'Neill, and

E. Hamdy

Single Event Effects in IDE3466 Readout IC for the RADEM and NORM Space

Radiation MONItors ... —————— 289
Torbjorn @stmoe, Sebastian Benoit, Petter @ya, Jusong Choe, Timo A. Stein, Dirk Meier,

Amir Hasanbegovic, Gunnar Meehlum, and Anja Kohfeldt

Compendium of Total lonizing Dose Effects Results on Commercial Power Regulators............ 293
J. Budroweit and N. Aksteiner

Total lonizing Dose Effects on Current Sense Amplifiers .......ccccccoviiiiimmics e, 297
N. Aksteiner and J. Budroweit

Multi Chips Heavy ions SEE Testing of the COTS Myriad-2 Vision Processing Unit................... 301
Adria Barros de Oliveira, Olle Lexell, and Fredrik Sturesson

£ 014 Lo Y o 5 o = 306





