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State of the art

Heavy particles : first to trigger upsets
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Physical mechanisms induced by electron irrad: At
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Below ~ 10 MeV:

—> Coulomb interactions (elastic and

Inelastic)

Above ~ 10 MeV:

—> Nuclear interactions

—> Bremsstrahlung process become more

and more important

—> Recoil nuclei by Coulomb elastic
scattering are more and more energetic

How to investigate these physical mechanisms ?
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A simulation toolkit

Geant4: GEometry ANd Tracking

C++ toolkit to simulate transport of
particles through matter

International collaboration
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How to investigate these new physical mechanisms

eant

A simulation toolkit

Geant4: GEometry ANd Tracking

C++ toolkit to simulate transport of
particles through matter

International collaboration

Sensitive region as parallelepiped

Two degrees of freedom: sensitive
volume and critical charge

Simulation of deposited energy:
If Qyep > Qcrit then upset




Experimental measurements

Device tested : Spartan6é FPGA (BRAM)
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Some data available in the literature:
Samaras et al. [2] and Gadlage et al. [3]
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[2] A. Samaras et al., “Experimental Characterization and Simulation of Electron-Induced SEU in 45-nm CMOS Technology,” IEEE Trans. Nucl. Sci., vol. 61, no. 6, pp. 3055-3060, Dec. 2014
[3] M. J. Gadlage,et al., “Electron-Induced Single-Event Upsets in 45-nm and 28-nm Bulk CMOS SRAM-Based FPGAs Operating at Nominal Voltage,” IEEE Trans. Nucl. Sci., vol. 62, no. 6,
pp. 2717-2724, Dec. 2015
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What interactions are involved ?
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Simulation results

Bremsstrahlung-induced SEU:
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Simulation results
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Conclusion and discussion

v" Physical exlpanations has been established about
electron-induced SEU in integrated devices

» Two SEU regions mainly driven by two
mechanisms:

Upto~10MeV From~ 10 MeV
Coulomb inelastic Coulomb elastic

v" GEANT4 modules has been coded to simulate the
sensitivity of devices under electron irradiations

v New heavy ion transport models has been developed
to simulate a more accurate track of secondaries
(Coulomb elastic and electronuclear processes)
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