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Plan 
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• Context: SER computation state of the art 
–Presentation 
– Limitations 

 
• New application: SEE-U 
–Workflow details 
–Results 



© Artenum 2022  

• Compute proton/heavy ions flux after shielding 
• Several tools exist: CREME96, SPENVIS, …  

 
 
 
 
 
 
 
 
 
 
 

Context – For both protons and heavy 

ions 
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CREME96 

Orbit 

Environmental flux 

Average shielding 

Flux after shielding 
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Context – For Heavy Ions 
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• Get SEU cross section 
– for incident particle angle 90° with BEOL from 

•Experimental data 
•Monte-Carlo simulation 
•Weibull fit 

 
 
 
 
 
 
 
 
 
 

Credits: A. Coronetti et al. [1] 
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Context – For protons 
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• Get SEU cross section 
– for incident particle angle 90° with BEOL from 

•Experimental data 
•Monte-Carlo simulation 

–Warning: 
•Strong effect of direct ionization 
•Peak Bragg 
•Weibull fit is not enough 

 
 
 
 
 
 
 
 
 
 

Credits: A. Coronetti et al. [1] 
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Context – For both protons and heavy 

ions 
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• SER = Convolution proton flux and SEU cross section 

Credits: A. Coronetti et al. [1] 

SER calculation 
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Context – For both protons and heavy 

ions 
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• Limitations: 
– For protons: 

•SEU cross section is the same for all incident particle angle (G. 
Hubert et al. [2]) 

Credits: G. Hubert et al. [2] 
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Context – For both protons and heavy 

ions 
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• Limitations: 
– For protons: 

•SEU cross section is the same for all incident particle angle (G. 
Hubert et al. [2]) 

– For both protons and heavy ions: 
•Needs to take into account anisotropic shielding for flux after 
shielding 

Orbit 

Environmental flux 

Average shielding 

Flux after shielding 
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Context – For both protons and heavy 

ions 
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• Limitations: 
– For protons: 

•SEU cross section is the same for all incident particle angle (G. 
Hubert et al. [2]) 

– For both protons and heavy ions: 
•Needs to take into account anisotropic shielding for flux after 
shielding 

•Validation of flux after shielding: 
–only for shielding 
thickness < 0.054 cm Aluminium 

Credits: J. H. Adams et al. [4] 
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Context – For both protons and Heavy 

Ions  
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• Need more accurate tools: new tools called SEE-U 
• Engineering tool easy to use 
• Open source 
–First release December 2022 
• Compute SER for any mission: 
–Environment flux 
–Spacecraft geometry 
–Device position in the Spacecraft geometry 

 
• Successfully solved identified limitations: 
–SEU cross section: 

•incident particle angles dependency 
•Model all particle-matter interactions: 

–direct proton ionization 
–nuclear reactions… 

–Manage anisotropic shielding for flux after shielding 
–Flux after shielding valid for any shielding thickness 
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SEE-U presentation – For both 

protons and Heavy Ions 
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• Compute environment flux with CREME96 online tools/SPENVIS: 
–Choose orbit 
–Compute environment for both proton and heavy ions flux 
• Example: protons flux for LEO 
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SEE-U presentation – For both 

protons and Heavy Ions 
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• Compute SEU cross section based on G. Hubert et al. [3] 
–Particle incident angle dependency 
–Matter-particle several physic models like for example: 

•Direct ionization of protons 
•Nuclear reaction for protons and Heavy Ions 

–Model already validated in publication by G. Hubert et al. [3] 
• Example: SEU cross section computed for 65 nm Cypress SRAM type 
16MBits 
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SEE-U presentation – For both 

protons and Heavy Ions 
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• Choose 3D CAD model and position/orientation of device 
• Anisotropic shielding is computed 
• Example: SER for several positions/orientations on power board 

 

Power board 

Device 

With Courtesy of ONERA  
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SEE-U presentation – For both 

protons and Heavy Ions 
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• SER computation from: 
–Anisotropic flux after shielding for each incident particle angle 
–SEU cross section with incident particle angle dependency 
• Quick simulation (CPU time < 3 minutes on standard laptop) 

SER [event/s/bit/sr] 
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SER calculation for Heavy Ions 
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• SER values for heavy ions between [3.31; 3.36] event/device/day 
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SER calculation for Protons 
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• SER values for protons between  
– [63; 138] event/device/day BEOL toward +z direction 

 
 
 
 

BEOL toward +z direction 
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SER calculation for Protons 

17 

• SER values for protons between  
– [78; 184] event/device/day BEOL toward -z direction 
 

 
 
 

BEOL toward -z direction 
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SER calculation 
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• In our case, SER from protons is at least 20 times higher than SER 
for Heavy Ions: 
–Heavy Ions: SER between [3.31; 3.36] event/device/day 
–Protons SER [event/device/day] between: 

•[63; 138] with BEOL toward +z direction 
•[78; 184] with BEOL toward -z direction 

Worst position SER = 187 event/device/day 
Best position and orientation => SER = 66 event/device/day 

 
 
 
 
 
 
 
 
 
 
 

BEOL toward +z direction 
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Conclusion 
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• SEE-U: New simulation tool 
–Easy-to use engineering tool 
–Compute SER for protons and heavy ions 
–Quick results for any environment and geometry 
–SEU cross section taking into account: 

•incident particle angle 
•Matter particle interactions models: nuclear reaction, direct 
ionization, … 

–Take into account realist 3D CAD model 
–Easily optimize position/orientation of device in the spacecraft 
 
 
• A new open source software 
• Available through Space Suite website: 
–www.space-suite.com/see-u  
–http://support.spis-services.eu/Register 
–http://support.spis-services.eu/software/see-u 
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Questions? 
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