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IntroductionIntroduction

�� SEE risk assessment for space projectsSEE risk assessment for space projects

�� Particle beam testingParticle beam testing
�� Heavy ionsHeavy ions

�� High energy protonsHigh energy protons

�� SEE rate calculationSEE rate calculation
�� Mission environment (GCR, solar particles, trapped protons)Mission environment (GCR, solar particles, trapped protons)

�� OmereOmere, , SpenvisSpenvis, Cr, Creememe……
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A. Samaras et alA. Samaras et al. NSREC 2014. NSREC 2014

�� Studies have demonstrated Studies have demonstrated 
potential SEE sensitivitypotential SEE sensitivity

�� ElectronsElectrons

�� Low energy protons (direct Low energy protons (direct 
ionization)ionization)
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IntroductionIntroduction

�� JuiceJuice missionmission

�� SignificantSignificant highhigh energyenergy
electronelectron fluxesfluxes

�� SEE SEE electronelectron riskrisk has to has to 
bebe investigatedinvestigated
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Juice Juice envenv. specification . specification ississ. 5.3. 5.3

�� AAimim of of ththee studystudy

�� Measure experimentally all these contributionsMeasure experimentally all these contributions
�� Standard and Standard and ““newnew”” effectseffects

�� On the same devicesOn the same devices

�� Calculate the corresponding SEE ratesCalculate the corresponding SEE rates

�� Put in evidence the predominant contributionsPut in evidence the predominant contributions
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DevicesDevices Under TestUnder Test

�� Device selectionDevice selection

�� SRAM SRAM technologytechnology memorymemory for SEU for SEU testingtesting
�� Basic Basic technologytechnology and and eventevent typetype

�� High High integrationintegration levellevel ((belowbelow 45 nm 45 nm techtech. . nodenode))
�� PotentiallyPotentially sensitive to sensitive to electronselectrons and and lowlow energyenergy protonsprotons

�� Can Can bebe put put underunder operationoperation withwith significantsignificant distance distance betweenbetween
control control boardboard and and devicedevice underunder testtest
�� High High energyenergy electronelectron and proton testsand proton tests

�� Can Can bebe deliddeddelidded
�� HeavyHeavy ions and ions and lowlow energyenergy proton testsproton tests

�� CommerciallyCommercially availableavailable
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Reference
Artix 7

XC7A35T-1CPG236C
R1QBA7218ABG-22IB0

Spartan 6

XC6SLX9-TQFP144

Manufacturer Xilinx Renesas Xilinx

Function SRAM based FPGA DDR SRAM SRAM based FPGA

Package CPG236 165FBGA TQFP144 

Techno 28nm 45nm 45nm
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DevicesDevices Under TestUnder Test

�� ArtixArtix 7 Xilinx FPGA7 Xilinx FPGA
�� High integration scale (28nm)High integration scale (28nm)

�� R1QBA7218A R1QBA7218A RenesasRenesas memorymemory
�� CommerciallyCommercially availableavailable 45nm SRAM 45nm SRAM memorymemory

�� High High frequencyfrequency synchronoussynchronous devicedevice
�� Frequency operation can be reduced via internal PLL Frequency operation can be reduced via internal PLL desablingdesabling……

�� Spartan 6 Xilinx FPGASpartan 6 Xilinx FPGA
�� Electron and low energy protons sensitivity already demonstratedElectron and low energy protons sensitivity already demonstrated

�� ESA/CNES collaborationESA/CNES collaboration
�� TestTest--bed developed by TRAD for the CNES on previous studies and sharebed developed by TRAD for the CNES on previous studies and shared for this projectd for this project

�� Test results shared by the ESA with the CNESTest results shared by the ESA with the CNES
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Reference
Artix 7

XC7A35T-1CPG236C
R1QBA7218ABG-22IB0

Spartan 6

XC6SLX9-TQFP144

Manufacturer Xilinx Renesas Xilinx

Function SRAM based FPGA DDR SRAM SRAM based FPGA

Package CPG236 165FBGA TQFP144 

Techno 28nm 45nm 45nm
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Test Test FacilityFacility SelectionSelection

�� Heavy ions and high energy protonsHeavy ions and high energy protons

�� Plenty of existing adapted facilities in EuropePlenty of existing adapted facilities in Europe

�� Low energy protonsLow energy protons

�� Proton direct Proton direct ionizationionization tests tests alreadyalready performedperformed atat EuropeanEuropean
facilitiesfacilities
�� CNA (Centro CNA (Centro NacionalNacional de de AceleradoresAceleradores, Spain), Spain)

�� RADEF (RADEF (RADiationRADiation Effects Facility, Finland)Effects Facility, Finland)

�� High energy electronsHigh energy electrons

�� Several existing facility, different beam maturity levelsSeveral existing facility, different beam maturity levels……

�� Has to be related to electron SEE experimental problemsHas to be related to electron SEE experimental problems
�� Total dose depositionTotal dose deposition

�� Potential dose rate device sensitivityPotential dose rate device sensitivity
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StudyStudy ProgressProgress

�� Tests already performedTests already performed

�� Electrons E < 20 MeV Electrons E < 20 MeV 
�� NPL July 2016NPL July 2016

�� HeavyHeavy ions RADEFions RADEF
�� RADEF August 2016RADEF August 2016

�� High High energyenergy protonsprotons
�� PSI March 2017PSI March 2017

�� Tests still to doTests still to do……

�� LowLow energyenergy protonsprotons

�� High High energyenergy electronselectrons
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WP1
Selection of parts, 

number of samples WP3
Selection of test facilities 

WP2
Parts procurement

WP4
Detailed test plan

WP6
Irradiation experiments

WP5
Preparation of experiments

WP7
Data analysis & SEE rate 

calculations

TPR

TRR

TRB
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Electron Test Electron Test ResultsResults

�� ArtixArtix--7 FPGA7 FPGA

�� Sensitive to Sensitive to electronselectrons

�� VeryVery few few eventsevents, , onlyonly observedobserved atat 20 MeV (max. incident 20 MeV (max. incident 
energyenergy testedtested))

�� 2 SEU and 1 SET2 SEU and 1 SET

�� No MBU, SEFI or SEL under electrons < 20 No MBU, SEFI or SEL under electrons < 20 MeVMeV
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Electron Test Electron Test ResultsResults

�� RenesasRenesas sync. SRAM sync. SRAM 
memorymemory

�� Sensitive to Sensitive to electronselectrons
�� InterestingInteresting sensitivitysensitivity

�� SET SET onlyonly observedobserved atat 20 20 
MeVMeV

�� SEU SEU EEthth < 10 MeV< 10 MeV

�� No MBU, SEFI or SEL under No MBU, SEFI or SEL under 
electrons < 20 electrons < 20 MeVMeV

07/03/2017 – ESA/CNES Presentation Days



TRAD, Tests & Radiations10

HeavyHeavy Ion Test Ion Test ResultsResults

�� ArtixArtix--7 FPGA7 FPGA

�� SET SET veryvery few few eventsevents but but 
LLthth<3.6<3.6MeV.cmMeV.cm22.mg.mg--11

�� SEU SEU LLthth<1.8<1.8MeV.cmMeV.cm22.mg.mg--11

�� SEFI SEFI LLthth<1.8<1.8MeV.cmMeV.cm22.mg.mg--11

�� No MBU or SEL under heavy No MBU or SEL under heavy 
ions up to 32 MeV.cmions up to 32 MeV.cm22.mg.mg--11
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HeavyHeavy Ion Test Ion Test ResultsResults

�� RenesasRenesas sync. SRAM sync. SRAM 
memorymemory

�� SET SET onlyonly observedobserved atat
60MeV.cm60MeV.cm22.mg.mg--11

�� SEU SEU LLthth<1.8<1.8MeV.cmMeV.cm22.mg.mg--11

�� MBU MBU LLthth<1.8<1.8MeV.cmMeV.cm22.mg.mg--11

�� No SEFI or SEL under heavy No SEFI or SEL under heavy 
ions up to 60MeV.cmions up to 60MeV.cm22.mg.mg--11
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HeavyHeavy Ion Test Ion Test ResultsResults

�� SpartanSpartan--6 FPGA6 FPGA

�� Partial crossPartial cross--sectionsection
�� OnlyOnly 2 LET values2 LET values

�� SEU SEU LLthth<3.6<3.6MeV.cmMeV.cm22.mg.mg--11

�� SEFI SEFI LLthth<3.6<3.6MeV.cmMeV.cm22.mg.mg--11

�� No MBU, SET or SEL under No MBU, SET or SEL under 
heavy ions up to heavy ions up to 
10MeV.cm10MeV.cm22.mg.mg--11
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ConclusionConclusion

�� Test campaign in progressTest campaign in progress

�� 3 test3 test--bedsbeds

�� 5 test facilities5 test facilities

�� The 3 selected devices an interesting sensitivityThe 3 selected devices an interesting sensitivity

�� All sensitive to electronsAll sensitive to electrons

�� Data analysis has also been started with the already collected Data analysis has also been started with the already collected 
test datatest data

�� Calculate the rates for all contributions in the Juice environmeCalculate the rates for all contributions in the Juice environmentnt

�� Assess the impact of electrons compared to othersAssess the impact of electrons compared to others

�� Next important stepNext important step……

�� 100 100 MeVMeV electron testelectron test
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