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Facilities (worldwide from CERN database)

https://irradiation-facilities.web.cern.ch/
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SEE testing in Europe

Standard
Energy
High
Energy
Very High
Energy
Ultra High

Energy

— 11 b= ==

- g W

<10 MeV/n
10 - 100 MeV/n

100 MeV/n — 5 GeV/n

5-150 GeV/n

i
1

—

=
"7

5
72
Q

—

Facilities [Energy Available cocktail Availability
(MeV/nucleo per year for
n) EEE Testing
UCL HIF 8-10 MeV/n |9 species from IAbout 16
(Louvain-la- Neuve, C to Xe weeks
Belgium)
RADEF 22 MeV/n, |O,Fe, Kr 800 hr/year
(Jyviskyld,Finland) 16.3 MeV/n, [6ion species, from O
0.3 MeV/n  [to Xe
before (7 ion species,from N
to Xe)
KVI CART 30 MeV/n |4 species, from Ne to [Currently
(Groningen, Netherlands) [Xe closed under
maintenance.
To reopen in
[May 2021
GANIL G4 27 to One species per 1-2 weeks
(Caen, France) 60MeV/n  |experiment, Ar,
Kr, Xe or Pb
GSI SIS18 50 MeV/n to [One species per Less than 1
(Darmstadt, Germany) 1-1.5 GeV/n [experiment, 'week
can be from proton to [Only scientific
U lexperiments
to be
roved
— am

(e I ] |

=
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Irradiation test facilities (supported by ESA) s
- Heavy ions and protons and electrons \=€eSa

f Sweden A :
islands Norway 5% Finland ,
Y Jyvaskyla Finland
By ) S i il etarsom
Oslo J o Camr—l‘lslepﬁypr
stackholm Tallinn
B (s Estonia /
UCL Heavy ions, protons
&% Latvia | .
Louvain-la-Neuve
E\asgcﬂvmted nmmarkuopﬂg’ v 9 Lithuania ‘ Be | g i u m
Kingdom Gdarisk - [ Wmes Minsk
“\ sle of Man Leeds S o = Dime® Miex
i Dl Mancﬁ:;;z‘ osheffield e R Bialysiok Btes
Bi?miggham Amatodun ) Poland L
e s Hldorf d L;"’“J “l‘ ::;:‘w tc?diwm:wmmmr ey y e .
A ot Bt ] PSI Protons, electrons
N \ 7 Czech Republic - R R .
‘ ueaine sl Villigen Switzerland
v ﬂ‘. T Kryvyi Rih
Nantes ‘Moldova ~ Kpviewi Pir Zapnrl
R Ly Hungary /.Cluj-Napoca Chisinauo 1.0dessa Sanop! . . o
France - | Jétmwies AT “w B 7 TEC-QEC has been collaborating with these facilities for more than
Pt e T b S 7L 0L < TROmAnE w25 years. PSI, UCL, since 1990-1992. RADEF since 2004 beam in
o101 7 | Genoa “Bologna h an,n,a,,,_‘ 7 S Bucharest cEgcTonodL
B | ot L i R N, 5, 2007-2008
Bilbao .- a Marseille aly ila(::evn : z g BapHa Black Sea
foegin 2oL W e - Aiming at continuous improvement of the quality of the beam,
"ul A # TR, e e e k dosimetry and testing infrastructure
Portu: al,{ ain Velenia Palma : L GEiliehERES . . L.
i 5 1 5P , mei 2 i Stable flux and energy levels, high particle selectivity, accurate
g Murcia Falermo Aenva 9 Konya N . . . .
( seqte 2 . %" .. dosimetry, electrical/optical interfaces for cabling
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ESA beamtime at supported facilities Qk ceSa

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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HR . \\\\\\_
Challenges : limited range of heavy ions {<
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

eSd

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 modlfy the devnce response.
Multi chip modules N

Flip chip construction ) 3
need of more enegetic particles to have more range

(despite lower LET)

30 NAND Archtecture.
Active area R " g
g —==—
(B]W) cHC) s
(w]w]w]w] (W] w]w]w] = | |
~700um ~2mm ~500um
Flip chip: System in package: Dense structure:
Active area facing package
de“dd i ng/d eca pplng Backsfﬂe :Lr.igl.igon -> Test separately Higher beam penetration range

or Die thinning for flip chip
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Linear energy transfer and range

Rangevs. LET

10000

meters
CHARM GeV/nucleo
n

GSI SIS18 | 50 MeV/n | 2.4 mm to 7.8
to cm

1-1.5 GeV/n
GANILG4| 27to 50 pm to 685 )
60MeV/n pm 5
Very High energy
_/
KVICART| 30 MeV/n | _ 333 pum )
RADEF |22 MeV/n,| 255 um High energy
16.3 MeV/n, 155 um
9.3 MeV/n 92 um J

1 Standard energy |

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

UCL HIF [8-10 MeV/n 73 um

A. Pesce/A. Costantino 19/04/2021]| Slide 7
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High energy facilities

Facilities Energy vailabili er -
E uro p S (MeV/nucleon) te ar typ
GANIL G4 27to 60 1-2 weeks
(Caen, France) MeV/n
GANIL
GSI SIS18 50 MeV/n to Less than 1 week i h
(Darmstadt, Germany) 1-1.5 GeV/n Only scientific =
experiments — =
After:
GRAND ACCELERATEUR NATIONAL D'IONS LOURDS
Facilities Energy Availability per year Marie-Héléne MOSCATELLO DI GIACOMO for the, G-RAD Workshop 2020
U S A (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 (light to | NASA funded
heavy ions) or scientific proposals

In this scenario, the European space industry is in a critical competitive
disadvantage due to the lack of radiation testing opportunities of GSI
High Energy Ion beams.

Currently only facilities in USA offer High Energy Ion beams

A. Pesce/A. Costantino 19/04/2021]| Slide 8
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Initiatives for Irradiation facilities in Europe \&L{%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

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/

A. Pesce/A. Costantino 19/04/2021]| Slide 9
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https://radnext-network.web.cern.ch/

Mitigation initiatives for COVID outbreak dcesa

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. Pesce/A. Costantino 19/04/2021| Slide 10
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\
ESTEC Facilities for irradiation test and test preparation \&Q* cSa

Control room _ Co60 Facility
e i -
ST 1 | l 80 TBqg Co60 source for Total Ionising Dose tests
[ [nadlatlgn Dose rate window compliant with the ESCC22900 standard

(from 0.01 rad/s [Si] to 3rad[Si]/s)
IS017025 accredited dosimetry

l llIIII cam: ”“”W r{

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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ESA Website for Radiation Test data

s
dzesa

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

https://escies.org/labreport/radiationList

= New database to come (mid 2021)

— 01 b

- g

HAS2 Proton TNID test

HAS2 TID test

HAS2 electron tests
HAS2 heavy ion test
HAS2 Proton SET test

~ ASIC and Microprocessors (4)

SEE test report summary SCOC3 CD1034 -
ATMEL ATC18RHA Spacecrat Controller On a
Chip

CF252 testing of the LEON2-FT asic

GR740 System on chip

Cf-252 testing of HIFAS asic

~CeD (1)

Proton Testing at KVI

~ FPGA (6)

TID MFA-1 co-60

ATC18RHA TID ref-ADF-DE-R0564-CUP
/ASIC Magnetometer Front End SEE

Single Event Transient Measurement -
Microsermi A3P3000 FPGAS

ProASIC3L FPGA SEE Test Report

D test on ProASIC3 FPGA from Microsemi
(previously ACTEL)

~ GaAs/GaN (1)

GaAs POWER DEVICES - MITSUBISHI

Semiconductors
oN
Semiconductors

oN
Semiconductors
Semiconductors

oN
Semiconductors

ATMEL

Cobham Gaisler
Cobham Gaisler
Omnisys

E2v

AMS

ATMEL

IWF + Fraunhofer
Microsemi

Microsemi

Microsemi

NULL

HASZ2

HAS2

HAS2

HAS2

HAS2

scocs

LEON processor

GR740, silicon
revision 1/
Diffusion Lot nr.
Q801934

asic

CCD204

MFA-1

ATC13RHA

WMagnetometer
Front End

A3P3000 FPGA

AIPE3000L

AIPE3000L

NULL.

Semiconductor

OoN
Semiconductor -
SODERN
SODERN
SODERN

SODERN

EADS Astrium

Gaisler Research

Cobahm

Omnisys
Instruments

nia

IWF /1S
ATMEL
IWF
IROC

Hirex

nia

A.

02062013

02052013

02052013

02052013

02052013

01012008

10072012

24-052019

01012008

01-01-2008

01012008

31032008

27-01-2006

01012008

25082011

20-02:2013

01012008

RA 0665

RA 0656

RA 0657

RA 0658

RA 0659

RA 0635

RA 0605

RA GRT40-
RADS-1-1-1

RA 0604

RA 0599

RA 0513

RA 0514

RA 0545

RA 0707

RA 0584

RA 0621

RA 0767
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https://escies.org/labreport/radiationList

TEC-QEC Contact Information Eesa

Anastasia Pesce (Head of Section)

Anastasia.pesce@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&groupid=6

Useful Links

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

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

e-mail: ERFbooking@esa.int

Info on ESTEC Co60
https://escies.org/webdocument/showArticle?id=251&groupid=6
e-mail: Co60.Facility.ESTEC@esa.int

Head of Section: Anastasia Pesce
Anastasia.pesce@esa.int

A. Pesce/A. Costantino 19/04/2021| Slide 14

— Il hmz= ™ W = "Il D - 5 mm i1 = == g Il European Space Agency


https://escies.org/webdocument/showArticle?id=921&groupid=6
mailto:ERFbooking@esa.int
https://escies.org/webdocument/showArticle?id=251&groupid=6
mailto:Co60.Facility.ESTEC@esa.int
mailto:Anastasia.pesce@esa.int

	Slide Number 1
	 Facilities (worldwide from CERN database)
	SEE testing in Europe
	Irradiation test facilities (supported by ESA)�– Heavy ions and protons and electrons
	ESA beamtime at supported facilities
	Challenges : limited range of heavy ions
	Linear energy transfer and range
	High energy facilities
	Initiatives for Irradiation facilities in Europe
	Mitigation initiatives for COVID outbreak
	ESTEC Facilities for irradiation test and test preparation
	ESA Website for Radiation Test data 
	TEC-QEC Contact Information
	Contacts for Beam info and requests

