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Radiation effects &&iesa

. Radiation belts trapped by planets’
magnetospheres, consisting mostly of

[onising radiation in space Effect on the component
protons and electrons

Energy range
. Particles originating from the activity of e kev 10Mev 100MeV 500MeV GeV Electron-hole pairs
the Sun, which include also heavy ions P, Y g:i’éir:t"’” in semiconductor
Electrons <DD->
<SEE>
. i i i v .
And cosmic rays with very high 3 Displacement Damage
energy t Protons e S |
Lattice Displacement Damage
-§
J e caused by energetic particles
Heavy ions
Single event effects
Ton deposits significant
charge within device that
lonisation directly affects its operation
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Presenter
Presentation Notes
Every presentation o.n radiation effects on electronic components
starts with a reference to the space environment.

Unlike Earth environment, 
Space environment near the Earth is characterized by a non negligible quantity of ionizing radiation.
In specific solar protons and heavy ion
Electrons, heavy ions and protons trapped in the Earth radiation belt
and energetic cosmic rays

Magnetosphere 
Solar particle events


Facilities (worldwide from CERN database)

https://irradiation-facilities.web.cern.ch/
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Standard <10 MeV/n
Energy

High 10-100 MeV/n

Energy

Very High 100 MeV/n —5 GeV/n

Energy

Ultra High 5-150 GeV/n
Energy

- g W

SEE testing in Europe

@
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Facilities Energy Available cocktail Availability per
(MeV/nucleon) year
UCL HIF 8-10 MeV/n 9 species from About 16
(Louvain-la- Neuve, Belgium) C to Xe weeks
RADEF 22 MeV/n , O, Fe, Kr About 12 weeks
(Jyvaskyla,Finland) 16.3 MeV/n, 6 ion species, from O to
9.3 MeV/n Xe
before (7 ion species,from N to
Xe)
KVI CART 30 MeV/n 4 species, from Neto  |1-2 weeks
(Groningen, Netherlands) Xe
GANIL G4 27 to 60MeV/n |One species per 1-2 weeks
(Caen, France) experiment, Ar,
Kr, Xe or Pb
GSI SIS18 50 MeV/nto  [One species per Less than 1
(Darmstadt, Germany) 1-1.5 GeV/n experiment, week
can be from proton to U[Only scientific
experiments
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Irradiation test facilities (supported by ESA) > esa
— Heavy ions and protons and electrons =

Sweden &,
s < nog RADEF, JYFL Heavy ions, protons, electrons
orway 27
Jyvaskyla, Finland
N “I‘ku Helginki o Hel’:::l‘:‘urp
Gio ] Lunll-llflepﬁyw
Stackhalm gl lney
Estonia ¢
B UCL Heavy ions, protons
o Latvia | =
Louvain-la-Neuve
uhiﬁﬂi&td o A B e I g | um
ingdom Gdansk insl
sleofMan Lo ks Misicic
Dublin Manchester & Hamburg 2
freland -~ Lo Biemen Lot Belarus
Bimingham e TS n Poland
London 4 Exaas: ‘Warsaw
5 . Legzig Wrckaw. W64t Lybin
T, Germany Uk g
Colugne
ke’ gt S i PSI1 Protons, electrons
Gzech Republic — -
I i Kol ukaine ozl Villigen Switzerland
Nantes ~ _\‘"' T Ausliea umcam 7 : Mohlim ":‘?::‘;'TJ' in pv?: g
Fance g [ ot Jmwe st s TEC-QEC has been collaborating with these facilities for more than
MED e it Venice D v i fa - H F
g 5 i, (N Fomania —eme 25 years. PSI, UCL, since 1990-1992. RADEF since 2004 beam in
T L # -Genas “Aclagad Bosnia af - Bucharsat A
a0t oy S s, 2007-2008
Biban, . a Marseille 3 Italy :;‘.ﬁ.:” . Bapha Hiach S¢8
Sl 2 T fage s g Aiming at continuous improvement of the quality of the beam,
Parly ; o Baceen Baril Tiranun rr\'n@ﬂl" Ty e . . .
i Nk e, o dosimetry and testing infrastructure
o e O Eaigelur - ANKACA
Pertugal i T reoce i T . . ..
L b et 2% wr  Stable flux and energy levels, high particle selectivity, accurate
i Murcia BN Adgun % Kepya . . . . .
sexl E T © .. dosimetry, electrical/optical interfaces for cabling
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ESA beamtime at supported facilities & €eSd

ESA TRP Beam utilisation Aim at support facilities developments on
400 UCL availability: beam quality, dosimetry and includes
360 hours an annual fixed amount of hours for
350
irradiations tests for
300 RADEF PsI
availability: availability: ESA R&D developments
5 250 — _240hours 240hours - 42016
5
o 200 w2017
=
[=} 2018 2021_02_24 CMOS image sensor development 2020_09_28 Phototransistor
- 150 2021_02_23 SDRAM memories 2020_09_08 RACOCO
m 2019 2021_02_23 SiC qualification and other mosfet screening 2020_09_07 MPCG
2021_02_18 TIR(detector) 2020_09_06 GPU processors
2021_o01_21 HERA 2020_09_04 RADEM
100 2020_10_07 ASIC 2020_09_03 3Dnand
2021_01_18 GaN MIM Capacitors 2020_09_01 GaN Devices
2020_12_11 Small study - intradie SRAM testing 2020_09_02 SET
50 2021_11_24 HERA - cubesat payload only 2020 09 01 Stuck bits on SDRAM
2020_11_23 SEE laser COTS screening 2020_08_31 Optical Fibers
2020 11 22 FYS 2020 08 30 Stuck bits on SDRAM
0 2020_11_02 MEMS pressure modues 2020 08 10 Probag
Radef UcL pS| 2020_10_16 Latchup testing of digital isolator 2020 08 09 NG-LARGE

2020_10_09 GPU 2020 08 08 NG-ULTRA
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Challenges : limited range of heavy ions &\éesa

Standard energy ions
require sample preparation

to reach the active area with sufficient LET for testing
==>It may be not technically possible for certain technologies

One common particularity of EEE COTS The exposure of either the dies of such packages

components is the dense packaging ¥ is eiter impossible or :
Examples: - ~ \\\ And there is the risk to modify the device response.
Multi chip modules | 4 JiL
[P -5
4 -

Flip chip construction ) ’
need of more enegetic particles to have more range

(despite lower LET)

3O MAND Arhtecturs
l.m'-m- ) - ﬁl
g |
~700um ~2mm ~500um
Flip chip: System in package: Dense structure:
Active area facing package
dellddlng/decapplng Backs:if ::iﬂ?—.ﬁon -> Test separately Higher beam penetration range

or Die thinning for flip chip
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Linear energy transfer and range

Rangevs. LET

10000

Facilities

meters
CHARM  GeV/nucleo
n

GSI SIS18 | 50 MeV/n | 2.4 mmto 7.8

to cm
1-1.5 GeV/n
GANILG4[ 27to [ 50pumto685 A
60MeV/n pm .
Very High energy
J
KVICART[30Mev/n [ 333pm )
RADEF  [22Mev/n,| 255 pm High energy
16.3MeV/n[ 155 pm
9.3 MeV/n 92 um )

1 Standard energy |

LET (MeV-cm¥/mg) in Siicon 30 MeVcm?/mg

UCL HIF |8-10 MeV/n 73 um
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High energy facilities

Europe

USA

In this scenario, the European space industry is in a critical competitive
disadvantage due to the lack of radiation testing opportunities of Gsl

Facilities Energy Availability per
(MeV/nucleon) year
GANIL G4 27to 60 1-2 weeks
(Caen, France) MeV/n
GSI SIS18 50 MeV/n to Less than 1 week
(Darmstadt, Germany) 1-1.5 GeV/n Only scientific
experiments
Facilities Energy Availability per year
(MeV/nucleon)
TAMU 15 MeV/n About 20-25
(College Station, TX, USA) |25 MeV/n weeks
40 MeV/n
NSRL 1500-217 ~20 weeks
(Brookhaven, USA) MeV/n (lightto | NASA funded
heavy ions) or scientific proposals

High Energy lon beams.

Currently only facilities in USA offer High Energy lon beams and their use

GANIL

Existing GANIL

After:
GRAND ACCELERATEUR NATIONAL D’IONS LOURDS
Marie-Héléne MOSCATELLO DI GIACOMO for the, G-RAD Workshop 2020

is not dependable, due to priority often given to the their national industry,

and associated with additional constrains on costs and logistics overhead
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Initiatives for Irradiation facilities in Europe \&‘\@—-esa

ESA initiatives:

Objectives:
Development of high energy beam (range and LET, intensity) for radiation tests of highly integrated electronic
components in existing facilities

to overcome the lack of beam availability to test complex EEE components

Contractual implementation:
-OSIP CALL
-TDE development

RADNEXT initiative:

RADNEXT is an H2020 INFRAIA-02-2020 infrastructure proposal with the objective of creating a network of facilities and
related irradiation methodology for responding to the emerging needs of electronics component and system irradiation; as well
as combining different irradiation and simulation techniques for optimizing the radiation hardness assurance for systems,
focusing on the related risk assessment. => https://radnext-network.web.cern.ch/
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https://radnext-network.web.cern.ch/

Mitigation initiatives for COVID outbreak &&iesa

Request to implement an infrastructure to cope with the situation

To execute test from remote, this to limit presence of number of visitors at the irradiation facility, and reduce travels
-Full remote all setup installation and actions delegated to facility
-Partial remote to reduced test-team presence at facility, with colleagues following from remote

Implementation (UCL, RADEF):

Communication between facility — remote user

internet connection possibilities improved
Communication and screen sharing (Skype, Zoom, Teams and phone)
Webcams in the control area and inside of vacuum chamber

Monitoring on beam and equipment

Streaming of beam status interface GUI (for RADEF possibility to control the HI beam status is in development)
Webcams and internet access to irradiation chambers

Note:
Full remote testing poses lots of limitations to the execution, can be considered only for very simple setups
A.Costantino, A. Pesce | 09/03/2021 | Slide 11
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Control room Co60 Facility
-‘]]_T__E]T[T l 80 TBqg Co60 source for Total lonising Dose tests
1 Irradiation Dose rate window compliant with the ESCC22900 standard
1 room W (from 0.01 rad/s [Si] to 3rad[Si]/s)
P — 1S017025 accredited dosimetry

Control
| room

Cf252 “CASE”
for qualitative investigation on SEE
thermal control of DUTs [-30 °C ; 130°C ]

Decapsulation systems

For plastic packaging (Laser, mechanical, acid)
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New SEE laser test bench:

Two different configurations:

PULSYS Rad by PULSCAN for
» Single-Event Effects Testing
* Design Debug

» Defect localization

* Reliability evaluation

» Part screening and qualification

— 01 b

SPA (Single Photon Absorption) for
surface injection

* Laser wavelength: 1064nm \ : -

+  Pulse duration: 30ps i
* Max pulse energy at fiber output: 50nJ ' SPA 1nJ

. Lo

TPA (Two Photon Absorption) for a TS =% I

localised injecton 0 — ™ ’ . N
* Laser wavelength: 1550nm  ; §o
* Pulse duration: 450fs o TPA 1nJ

V. Pouget - RADLAS - 20/09/2013 T

e

* Max pulse energy at fiber output:

- 4= =1l = == CH 11 Z

PULSYS-MICRO
microscope
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ESA Website for Radiation Test data @k cSa

List of radiation test reports performed by ESA or European partners under
ESA contracts

HAS2 Proton THO test o oy 1852 o ox: 2082013 A 065
https://esci /lab t/radiationList B z
HAS2 TID sest HAS2 Semconducion - | 0205-201, 3 RA 066
pS://escles.org/iapreporuvradiationLis i o
HAS2 slectron tests on o A2 sopERN 2082013 FiA 0BT
HASZ by fen st o SOUERN PR RA 0658 =
HAS2 Froton SET test o Has2 soDERN frpen R 0658

Semiconductons

~ ASIC and Microprocessors (4)
SEE (et pepert summary SC0C3 CO103 -

ATMEL ATCI1ERHA Spacecral Cortsoller On o ATMEL SCOC3 EADS Astrioem 04-09-2008 RA 0635
o
G262 besting of the LECDFT asic Cobham Gaster  LEON processor  Gavsler Research 10072002 R, 0605
= New database to come (mid 2021) o0 s
fesaon 11 A GRT40-
GRT40 Sysiem on chp. Cobham Garsler Cobahm 24052019
Defaron Lot o RADS-1-1-1
QaoaM
CE252 e - Omeesys
stng of MFAS asic Omessys s inatrumants 2006 R, 0604
=Ccoin)
Peobon Teating = K1 EN CCOPM na 01002008 A 0555
- FPGA (6]
TIO MFA-1 co-60 AMS MFA MFE/Es e 08 A 0513
ATCIBRHA TID ref ADF DE ROS62-CLP ATMEL ATCIBRMA ATMEL 11032005 RA D518
ASIC Magestomlis Fronl End SEE IWF + Famoribuer :;"‘"F'L""'" 3 21912006 RA 0545
Sirighe Evect Tramsern Maasuremant -
Wernens AX3000 FPOAL Meravarm AIPIO0FPOA  ROC 2008 RA 070 0
ProaSICE FPGA SEE Rpot MeCiosems AIPEIO0N. Harex 2508201 RA 0558
I!Cl st on ProASICY FPGA fom Maciosem
[prwasusly ACTEL) Morosems AIPEI000L 20402.201 R, 062!
= GaAs/GaN (1)
GaAs POWER DEVICES . INTSUBSH
u{‘ mns - SUMITOMO FHOILR A . 57008 A 076 o
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https://escies.org/labreport/radiationList

Technology"'Harm"' isation Dossier of
Radiation EnVir "'nments\& Effects

Anastasia Pesce
Head of the Radiation Hardness Assurance }and Component Analysis Section (TEC‘-@E,C)
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Objectives of the Technology Harmonisation Dossiers:

“Fill strategic gaps” and “Minimise unnecessary duplications”

Consolidate European Strategic capabilities
Achieve a coordinated and committed European Space Technology Policy

Contribute to continuity and coherence between Technology and Industrial Policies

radiation environment measurement techniques
radiation environment modelling

radiation effects analysis tools

radiation hardening and radiation effects mitigation
radiation effect mechanisms

radiation effects testing methods

ESA UNCLASSIFIED - For Official Use

-_— ] ™ | 2] o E e Bl === EE I == - + 2 = o radiation fagjiil—siﬁ&nty

| — Eat

16




Eesa

Evaluation of new models in the context of European models and experience and further development of independent

European capabilities, and update of related processes (e.g. standards)

Radiation hazards at Jupiter and the other outer planets (environment modelling, shielding analyses, radiation hardness

assurance and radiation monitoring are necessary)
Radiation-induced detector background
Miniaturisation of detection technologies
Missions with orbit raising by electric propulsion, leading to higher radiation levels
Miniaturisation of detection technologies
Lengthening mission lifetimes, particularly for commercial spacecraft
Growth in on-board complexity, particularly for Earth observation
Anticipation of human missions beyond LEO
Space weather radiation hazard prediction services
Effects of extreme (“1-in-a-100+-year”) events on in-orbit infrastructures
Difficulty of RHA/testing of complex devices
Increasing use of COTS technologies
Proton induced SEE by direct ionization
Calibration facilities and processes

Facilities with increased capabilities, availability to space users at reasonable
ESA UNCLASSIFIED - For Official Use
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costs

Mars Exploration Family Portrait
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Eesa

Independent access to environments and effects knowledge
Radiation evaluation and qualification of European EEE components
Characterisation of radiation effects in novel European EEE component technologies

Knowledge of radiation behaviour of state-of-the-art European EEE component technologies

will enable greater performance for European spacecraft both at platform and payload level

Continuous evaluation and verification of European Radiation Hardness Assurance standard

Improvement of European test facilities to ensure European non-dependence and
compliance to rapidly evolving EEE component technologies

~r

3D NAND
Architecture

Memory Cell
"

by » Source Plate

ESA UNCLASSIFIED - For Official Use
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TEC-QEC Contact Information Eesa

Anastasia Pesce (Head of Section)

Anastasia.pesce@esa.int

Michele Brondi (lab workflow manager) michele.brondi@esa.int

Alessandra Costantino (Co-60 facility and External Facilities)
alessandra.costantino@esa.int

ESCIES ESA Radiation webpage
https://escies.org/webdocument/showArticle?id=227&qgroupid=6

Useful Links

https://escies.org/webdocument/showArticle?1d=1068
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Contacts for Beam info and requests

Info on external facilities
https://escies.org/webdocument/showArticle?id=921&qgroupid=6

e-mail: ERFbooking@esa.int

Info on ESTEC Co60
https://escies.org/webdocument/showArticle?id=251&qgroupid=6

e-mail: Co60.Facility.ESTEC@esa.int

Head of Section: Anastasia Pesce

Anastasia.pesce@esa.int
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