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Ionising radiation effects on EEE components
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Radiation test activities

External facilities

e UCL (B)
ESA in house capabilities: e GANIL (FR)
Co-60 e CERN/CH
Cf-252 e LNS (I)
SPA/TPA Laser * RADEF (FI)
Decapping/ * PSI(CH)
Delidding * HPTC (NL)
RHA Engineering » KVI(NL)
e GSI (D)
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Facilities and beam develompents

One of the first CASE system used (1981,

Fig 8 : One of the magnetic poles of the superconducting cyclotron AGOR
(Orsay-Groningen).

.... The Agor Cyclotron (on the left) , 40 years later

UCL - new ECRIS source
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first Radiation Heavy ion Proton Beam ECSS-Q-ST- Heavy ions
and its Effects beams KVI (NL) 60-15C — beam
on Components GANIL (FR) Radiation maintenance
and Systems hardness and upgrade - RADEF
(RADECS) assurance — i
Conference EEE ongoing
components KVI (NL)
Proton. Protons and
Irradiation Protons and Heavy ions 9,3 .
chaCIFI)Ity I(PIF) at Heavy ions MeV/n 10 MeV/n Heavy ions
€ rau Chimera Beam
(Dg g? Scherrer Institut, UCL (BE) RADEF (FI) Commissioning
= Villigen, Cyclotron, RADiation Y . 150 - 700MeV/
f ;_{/ Switzerland Université Effects Facility at eavy lons i evin
protons 30-250 Catholique de Jyvaskyla, 22 MeV/n CHIMERA-
MeV. Louvain Finland RADEF (FI) CERN (CH)
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esa
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Radiation

facilities

esa

Sweden ‘
= Norway Finland 57 RADEF, JYFL Heavy ions, protons, electrons
‘ | Jyvaskyla,
Betien Tugku Helsinki / Peli?gl‘)turq H
5 ogm IO K Canxr—ﬂ;mpﬁypr FI n Ia nd
Stockholm Tachi"" X
Baltic’ses Estonia 'i_" UCL
T i Heavy ions, protons
| Louvain-la-Neuve y , P
¢ Latvia | .
Edinburgh e % Be I g I u m
ot Copenhagen
Glasgow Denmark & Lit! g
KE;"lngIIth‘:n 3"71‘111350 V‘lgiusvr‘Mmsk PSI
D;bm:s':‘:f”r::s‘e' Lege Hambug szczecin \ & VI I I Ig e n
eland- 51 Loy °SPetfeld - Bel . Protons, electrons
ermlggham Amslgrdam e - 4 .Poland g SWItZe rla nd V4
Lonodon Nerh;rrsr;is z Leipzig e £ vd‘Warsaw b A\
‘ ':’;e@ 5> Germany Wroctaw. - £0d2  Kyiv :
E ‘fiologne i 7 ’P;rague 2 Krakow Lviv Kite ¢
Luxérr;honrg Frankfurt 3 ® $ /nboam
A epublic . . g
b VAT _uainepioe ESA has been collaborating with the three external test facilities
Nantes "%Ch "uo""{‘AUS"ia O BUdgpé;‘ \M°|d°"3 sz;x;ygr:o Zapo?r_: for more than 25-yea rS-
3 AVaduz 2 Hungal Cluj-Napoca Chisinauo- 1,0dessa Eancn
F gnizeindls DT Vi AT o ioReea . . . .
P v e TS ol ha e ~ Aiming at continuous improvement of the quality of the beam,
Jurin © o - ~Zagreb, S o Sevastopol . . .
B oktea 7 ssccnalG RO DT S o e ==qner dosimetry and testing infrastructure
Toulouse B - L] ‘H(erzego;ina‘r‘ Serbia el /~ Vama
Bilbao o MargellleM"“‘"c” Ital \Sarajevo’ o S Bauua Black Sea . . P
e ] N T ( Stable flux and energy levels, high particle selectivity, accurate
1 prcgona SHINC - A R - dosimetry, electrical/optical interfaces for cabling...)
Madrid 2 Albania ™ BUOTSE
g R i Palma Tyrrhenian Sea / © Eskisehir Anléara
Portugal | [ gpajn Ve P ® The support from the TRP/TDE programme has been
L'SB°” Athens Izmir Turl
Murcia Palermo ABRva o Konva - - -
¢ : = crucial for the success of this collaboration
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External facilities for EEE RHA tests esa

PIF - PSI

Beamtime is scarce

and precious

(and test campaign expensive):

test campaign shall be planned carefully in advance

.

Is recommended to request beamtime approx 6 months in advance —

Universities / consider proper time and budget allocation

Research
centers

20% This has the drawback that booking (too) much in advance

before drafting the test plan
before procurement,
before starting developing boards
= may lead to several reschedules / cancellations

Qualitative trend of beamtime use

Universities _ N .
/ Research ESA TDE beamtime utilisation
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Heavy ion beams used for SEE tests

Beam

esa

- Range LET at surface
Facility lon energy
[MeV] [um Si] [MeV/(mg/cm?)]
C 131 269.3 1.3
Ne | 2% | 202 = Maintain and improve the current availability and complementarity
UCLHIF A | s | ua 29 Of beamlines to cover space industry and R&D testing requirements
Louvain la Neuve Cr 505 105.5 16.1
Belgium Ni 582 100.5 20.4
Kr 769 94.2 32.4
Rh 957 87.3 46.1 10% 4
Xe 995 73.1 62.5
N 139 202 1.87
RADEF Ne 186 146 3.63 C
9.3 Ar 372 118 10.1 10° 5
Mev/n Fe 523 97 18.6 Rangevs. LET T .
Iyvaskyla Kr 768 97 32.2 3 sl
Finland Xe 1217 89 60 100003 2 -
3 102 4
o 284 481 1.52 e w I
[=
N 328 360 2.3 o
RADEF S 1000 <
16MeV/n Ar 657 264 7.2 =)
Jyvaskyla Fe 941 214 13.3 10! - - B
Finland Kr 1358 185 245
Xe 2059 157 48.5 100 C-Xe 0-Xe C-Pb Ar-u Pb N-U
RADEF (0] 374 770 1.2 8
22MeV/n Fe 1230 315 11.3 3 10° : : . , . .
Jyvaskyla Kr 1714 257 20.5 é 0 ucL RADEF P‘;"jﬂ"TCRGEC GANIL  CERNPs Gg:;'f(}g
Ar 972 113 5.4 e ‘ ‘ . o N
Kr 5160 27 1 5 Figure 3.: Overview of the European ion infrastructure capacity after HEARTS
GANIL
Xe 6450 35 26.5 ,
Pb 6032 64 72.7
KVI o 454 1200 1
30MeV/n Ne 554 885 15
Groningen Ar 1056 550 5.2 0 :).CO‘I
Netherlands Kr 1732 305 19.5 LET (MeV-cm¥/mag) in Silicon
xe 2083 213 24 Michael Sivertz, NASA Space Radiation Laboratory
GSI u 100 1780 40.57
1GeV/n U 200 4750 28.02
200MeV/n u 230 5890 25.94
Germany V] 350 11210 21.07
u 1000 51000 44 8
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RHA and SEE test requirement tailoring to mission risk

esa

Standard

MeV/n . oy
o :(1’\4;/; Selection of test method and test strategy, facility, type of beam
sy~ 100 Mev/n shall be tailored and coordination of test campaign, risk of delays due
(S) 1 100 MeV/n . g - .
Fnergy —5GeV/n to backlog and full occupation of facility is high.
Ultr;rg; 5-150 GeV/n
Facilit Energy Availabili ESA new Approach to Mission Classes
actiities (MeV/nucleon) vatlability per year Evolution of RHA and SEE test requirements see next slide
PIF-PSI . .
KVI Protons 00 High risk/ Low budget
Medical facilities (eg HPTC) m |SS | on
UCL HIF
(Louvain-la- Neuve, 10 MeV/n 1200
Belgium) Board level tests
RADEF 9.3 MeV/n
(Jyvaskyli,Finland) 16.3 MeV/n, 1000
22 MeV/n, New space
KVI CART ! )
0 MeV/n ” na|r19tenance until

(Groningen, Netherlands) 3 80023
S Complex devices
(Caen, France) 27to 60MeV/n 300 p
GSI SIS18 50 MeV/n to Fonly for scientific i i
(Darmstadt, Germany)  |1-1.5 GeV/n g8 riments Fllp Chlp
CERN CHIMERA 100-300MeV/nucleon I
(Geneva, Switzerland) StaCked dies .
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ESA new Approach to Mission Classes @esa
Evolution of RHA and SEE test requirements — in definition

5 Classes, 4 different sets of requirements tailored from ECSS-Q-ST-60-15

> p - 3M-2y — AR o > 5y
N el - No TID test if B ° No TID if o3 I ECSS-Q-ST-60-
) Y TIDL<5Krad 28 TIDL<5Krad 15
(G except for 28 - SEE HI test % * HI at part and B ° ESSB-Q-008
(—) MOSFET VDS > [ ccommended BLE  poard level ) B
200V (@] - Proton test @) - Proton at part % « SEE
* Proton Test required and board level —_—
recommended O ,
(component or \ ( Class V: <3 M, <1ME
board level) X

| Class IV: 2Y-3M 50-1ME

A Class Ill: 2-5 Y/50-200 ME

g Class Il: 5-10 Y/200-700 ME

Guidelines for the utilization of COTS components and modules in ESA ESA-TEC-TN-021473
can be distributed to external parties only on a "need to know basis", and with
the commitment not to distribute it to third parties without ESA consent
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Recent and ongoing activities at radiation facilities @esa

Since 2010 2020-2022
Heavy lons beam spectra assessment Support to HPTC proton beamline for EEE tests development
[Radecs 2022]PIPS Diode Test Setup for Heavy lon Beam Spectral Characterization [Radecs 2022] The HollandPTC R&D proton beam line for radiation hardness tests in space application
T. Borel?, A. Costantino?, M. Muschitiellol, H. Kettunen?, L. Standaert?, G. Santin“, A. Pesce*, V. Ferlet Cavrois* M. Rovitusot, A. Costantino?, T. Borel?, W. Van Burik?, E. Schenk?, A. Pesce?
1 HollandPTC, Netherlands, 2 ESA-ESTEC, Netherlands

PIPS Diode Test Setup for Heavy lon Beam Spectral Characterization
has been used systematically over the years
to monitor the quality of heavy ion beam spectra in European Facilities

The reproducibility and accuracy of the system was confirmed by the result of cross calibration
conducted on all the available ion species at the European facilities involved in the test

C T Setup & Beam room : | e
Campaigns n : AR
W,

VA [CAacilit S580E+07 150E+10 170.00 081 1.85€+10 847 273E-15
year | Eacility

2022 UCL
GANIL
2021 ucCL
RADEF
2019 KVI
RADEF
GSI
2018 CERN
Radef
CERN
2016 GSlI
2015 KVI
CERN
RADEF
ucL
2014 KVI
RADEF
2013 GANIL
RADEF
ucCL
2012 GANIL
RADEF
UCL
2011 GANIL
RADEF
ucL

120E+08 200E+10 166.00 081 247410 1109 268E-15
1.30E+08 1.30E+10 10000 o081 1.60E+10 673 250€-15
1.60E+08 160E+10 100.00 o8 1.98E+10 826  249€-15
B50E+07 1026410 12000 090  113E410 654  345E-15
T25E+07 870E+09 12000 090 D64E+09 485 J.00€-15
2.04E+07 150E+10 701.00 090 166E+10 926 332615
T.O0E+07 120E+10 701.00 169 TA0E+09 1031 865E-15
100E+08 1206410 104.00 169 7.10€+09 982  B24E-15

223z@EBB88E
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Recent and ongoing activities at radiation facilities @esa

Since 2021-ongoing CERN- CHIMERA E - Since 2018 GSlI (51518 and Microbeam)
E \ \ \\\\(\\\‘\l\r \
Support to the Chimera beam development | \ \ ‘% R&D test campaigns
High energy beam (intensity, range and LET) " { | Annual ESA-FAIR Space Radiation Summer School (September)

for radiation tests of highly integrated electronic components
[OSIP-TDE contracts]
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ESTEC- TEC-QEC lab for RHA test and preparation

esa

Co60 Facilit

80 TBq Co60 source for Total Ionising Dose tests

Control room

|

Irradiation
room

Dose rate window compliant with the ESCC22900 standard
(from 0.01 rad/s [Si] to 3rad[Si]/s)
1S017025 accredited dosimetry

Control
room

Decapsulation systems and sample preparation
For plastic packaging

Acid etcher

« Selective etching

+ Material dependant
» Coarse opening

« Plastic only

(Plasma, Laser, mechanical, acid)

Laser

+ Allows removal of plastic
material

« Destructive on the die

+ Plastic / Metal / Ceramic

SPA/TPA LASER

Two Photon Absorption Pulscan Laser System for SEE qualitative investigations

Bl ==
-
92
& |

- .

Mechanical opening

= Very high precision
+ Precise dimensions needed
+ Plastic and metals

Plasma etching

« Slow process
« Not destructive

+ Safe for most structures

+ Plastic Only

PULSCAN

ESA Website for Radiation Test data
https://esarad.esa.int/

ESA Radiation Test Database

This database contains radistion test reports of ests (SEE TID DD) performed on EEE components by ESA, or by Euiopean partners under ESA cantracts snadoter relevant works

This part of the esarad database iz public and open 1o the Industry . with the sim of
For this no k tisl. a s the reperts=> hittg:

ing data within the radiation effects on EEE components commurity

Their public e subjected te ESA-TEC-QEC
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Facility coordination and support future perspectives esa

EEE Sovereignty plan — Technology line : Radiation Facilities

objective to expand the European radiation test capabilities with high energy ion beam (>22MeV/n).

Maintain European Facility network and collaborations

ESA-CERN, ESA-GSI Bilaterals
Support to Heavy ions and Proton facilities

Coordination for beamtime use, support to ESA projects and activities to facilitate test execution at external
facilities, use of test methods and tailoring of testing metods.

Complementarity and coordination to complement EU initiatives (RADNEXT, HEARTYS)

14
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Thank you

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

AIDA - database of facilities worldwide

https://irradiation-facilities.web.cern.ch/
15
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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
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CERN AIDA Facilities database — search

+ v - 8 X

esa

@ CERN Facilities DB x

< C A Notsecure

irradiation-facilities.web.cern.ch/publicDB.

@ Facility details - Google Chrome = O *

A Not secure | irradiation-facilities.web.cern.ch/facilityDetailsOut.php?ID=113

Q
:
Facility coordinator contact information

To search by Country, Source Type, or Radiation Field select your filter in the dropdown menu.
If you would like to add a new facility, please first log in and then click on "Add Facility".
You can only modify the facilities that you are responsible for.

For further details please check our User Guide.

Institute/Organization Details

Search by Source Type Search by Radiation Field/Type

Searchiby.County Name: |Heikk\ Kettunen | Name: ‘Univel'sity of Jyviskyld DEPARTMENT OF PH |
E-mail*: |hewkkl‘l.kettunen@wu.h | Address: ‘Survc:nt\e 9, Jyvaskyla FI-40014 FINLAND |
helium, carbon. Al ti i askyla
Montand heavylons emnative |hewkkl‘l.kettunen@wu.h | Cor ‘ Jyviiskyla |
Mixed Field e-mail:
'\:;31\53 Country: ‘Finland |
Neuron » Phone:  [+358 408054086 |
ﬁifﬂgi Qﬁi‘ztﬁﬁi Website: ‘htr_ps:.-':'www‘iyu‘f'l."sciencef'enf'physwcsfresear’ch.-‘|
neutrons Last
Neutrons/Protons/lons |2[]2 1-06-07 18:17:10 |
P d, alpha, He-3, fast neutrons Update at:
Pholons (bremsstraiung)
Proton
:g:z:iﬁ‘iz“mm ifradiation Conditions
Proton and light ions
Name: |Hea\ry ions facility JYFL K-130 cyclotron FORM FIELD YES NO NIA Cm::;"“
Source: |Cyc\otron | Is an Active Readout
ARG O TACTS of the sample possible
Radi during irradiation?
. |Heavy lons |
feldiType: Is there any Sample
Energy: |High energy cockeail 9.3, 10, 16,3 22 MeV.-"|| Dz avalit e
Will the sample be
@ czomio FBPEEALREY DD E o Activity: | | considered
Radioactive after
Power: | | irradiation?
htt N H d H t. f H | H t. b h/ Mi Can the humidity be
- in Dose
ps://irradiation-facilities.web.cern.c MinDose | |
ares irradiation?
Max Dose | | Can the temperature
Rate: be controlled during
irradiation ?
Min Flux: |0 ions/ s¥em”™2 |
Is there any sample
Max Flux: |m||\|on5 of ions / s*em™2 - depends on ion | positioning system?
17
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Practical aspects esa

TID test Proton test SEE test
Source type Co60 gamma rays Proton Irradiation Heavy Ions Irradiation
Decay of radioactive source Particle accelerator (cyclotron) Particle accelerator (cyclotron)
Irradiation in Air Air Vacuum / Air
Die exposure No No YES
(*)
Activation of irradiated DUT? A NO YES NO
Test duration g Days / Weeks Some hours (8 h) Some hours (8 h)
(cost > 1keuro/hour) (cost > 1keuro/hour)
Irradiation execution * Irradiation 24/7 Irradiation in shifts (24/7) Irradiation in shifts (24/7)
Access to the facility: office hours  Typically 8/12h Typically 8/12h
How in advance to book 1 Month >> 3 Months >> 6 Months
Beam sharing Yes No No
Beam dimension @ From 20cm to 3m Approx 8 cm Approx 3 cm
( GSI Chimera up to 20 cm )*
Cable length from control to DUT 6 m 10-20 m 3m

- o= = 4 ]1

i

=== = b BN 5% I — PP  THE EUROPEAN SPACE AGENCY



	Slide 1
	Slide 2: Ionising radiation effects on EEE components
	Slide 3: Radiation test activities
	Slide 4
	Slide 5
	Slide 6: Radiation facilities
	Slide 7: External facilities for EEE RHA tests
	Slide 8: Heavy ion beams used for SEE tests
	Slide 9: RHA and SEE test requirement tailoring to mission risk 
	Slide 10: ESA new Approach to Mission Classes Evolution of RHA and SEE test requirements – in definition 
	Slide 11: Recent and ongoing activities at radiation facilities
	Slide 12: Recent and ongoing activities at radiation facilities
	Slide 13: ESTEC- TEC-QEC lab for RHA test and preparation 
	Slide 14: Facility coordination and support future perspectives
	Slide 15
	Slide 16
	Slide 17: CERN AIDA Facilities database – search
	Slide 18

