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SIMPA & METIS

● Prediction tools from heavy ions to protons

●  No technological input parameters: end-user tool

● Fast calculations

● ECSS-Q-ST-60-15C: For SEUs, proton cross-section curve can be obtained from heavy ion cross-section 
curve with simulation tools such as SIMPA or PROFIT;
The following RDM shall be applied on calculated error rate: 10, when proton error rate is based on 
simulation from heavy ion data;
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SIMPA overview

● SIMulation of Proton Accelerator

● Semi-empirical model developed by Matra Marconi Space in 1995

● Implemented in the OMERE tool suite

● SEU predictions for devices (DRAMs, µprocessors, SRAMs) with sensitive thicknesses > 2 µm (no SOI) 

● Integration of the heavy-ion cross-section with the probability 𝚽Ep to deposit given energy (Ed) from the secondary 
recoils of p-Si 

● Experimental data of the energy deposition in diodes and comparison with HETC nuclear code
○ The probability 𝚽Ep of the deposited energy/µm is a function of the deposited energy and four parameters that 

depend on the incident proton energy and the thickness
○ For the implementation in OMERE, the variation with thickness is neglected and a sensitive thickness of 6 µm is 

considered. 
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SIMPA methodology

6 µm sensitive thickness
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The heavy-ion cross-section (σHI) is 
expressed as a function of deposited 
energy by multiplying the LET by the 

charge collection depth. 

Valid for protons > 30 MeV
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SIMPA parameters

● The only parameter which remains difficult to evaluate is the sensitive thickness.

● An overestimation of the thickness does not mean an overestimation of the predicted proton cross-section.

SIMPA predictions 
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Heavy ion data

Exemple: HM62832 SRAM
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SIMPA limitations
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 200 MeV protons in 
400x400 µm2 

vs sensitive thickness 

 200 MeV protons for 
1 µm sensitive 

thickness 
vs sensitive area 

● 40% of SEU in 65nm SRAMs are induced by deposited energy < 3 MeV

● Not adapted for small sensitive volumes (nanoscale devices) due to 2 assumptions:

○ The deposited energy/µm does not depend on sensitive 
thickness
■ Experiments on diodes with ~6µm sensitive thickness
■ Simulation data with thickness from 2 to 20 µm 
■ Sensitive thickness of 6 µm in OMERE

○ The deposited energy/µm does not depend on sensitive
area
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● Monte-Carlo Engineering Tool for Ion-induced SEE

● Proposed by Airbus in 2011

● SEU prediction in bulk SRAMs

● Similar to SIMPA, critical energy and sensitive volumes are deduced from heavy ion data, sensitivity is completely 
characterized by a unity collection efficiency and composite RPP volumes with associated critical energies.

● But  
● Monte-Carlo selection of the nuclear reactions. 
● No free parameters: for each of the RPP sensitive volumes, the depth is half of the lateral length since the 

ambipolar diffusion mechanisms is predominant on deep-submicron technologies.

● Available in OMERE since 2018 (from version 5.2) (CNES funding): no more fully Monte-Carlo, same inputs will induce 
a single result.

METIS overview
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METIS methodology
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METIS nuclear database
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● Monte-Carlo analysis of nuclear interactions induced by protons from precalculated nuclear databases

● Nuclear databases contain elastic scattering and non-elastic nuclear reactions

● Provide a detailed history of secondary ions from p/Si.

● MC-RED (IES) or GEANT4 nuclear physic codes

● Interaction volume 20 x 20 x 80 x µm3 :
trade-off between computing time and accuracy

● Easy to adapt other materials than Si

● Silicon simplification:
○ Little impact of SiO2 on SEU prediction in bulk commercial technologies down to 90 nm 

(not valid for SOI technologies)
○ No impact of Tungsten on SEU prediction (low threshold LET)
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● Initial validation on ~30 devices from 500 nm down to 45 nm CMOS (bulk & SOI) technologies

● From 2012 to 2017, validation on a large number of state of the art devices, down to 16 nm. 

● Within a factor of 3 for the XS and SER (comparison with the one given by a Weibull function of the proton data)

● For SOI SRAMs METIS is less accurate, an RPP geometry with varying thickness is not appropriate for 
SOI-based devices (the diffusion mechanism will be not predominant) and nuclear reactions with Oxygen have to 
be considered.

● For FinFET SRAMs: 
○ Different shape of the sensitive volume, the diffusion mechanism will not be predominant 
○ Cell variability in the SEU response

METIS methodology
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METIS validation
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● Comparison with PROFIT & SIMPA 

● ~ 30 devices : From 500 nm to 45 nm CMOS commercial 
(bulk & SOI) technologies

● 50 MeV proton XS

● Dispersion of the natural logarithm of the ratio of 
simulation to experiment

● METIS gives the most accurate predictions in 96% of 
tested cases
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METIS validation
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Block RAM

BRAM

Configuration 
memory 
CRAM

METIS

SIMPA
PROFIT

● 45 nm SRAM based FPGA (Spartan-6)
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METIS validation
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METIS

SIMPA
PROFIT

● 20nm Xilinx UltraScale FPGA

Saturation cross section 
(cm2/bit) 2x10-9

Threshold LET
(MeV-cm2/mg) 0.8

Width
(MeV-cm2/mg) 12

S 1.5

Configuration 
memory 
CRAM

*“Single-Event Characterization of the 20 nm Xilinx Kintex UltraScale Field-Programmable Gate Array under Heavy Ion Irradiation,” 2015.
“Neutron, 64 MeV proton, thermal neutron and alpha single-event upset characterization of Xilinx 20nm UltraScale Kintex FPGA,” 2015.

Heavy ion data - Weibull
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Extended METIS 
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● METIS predictions using constant sensitive thickness (not possible in OMERE)
in order to cover other SEEs such as SEL, SEU in DRAMS, analog SET in linear devices 
The diffusion mechanisms is no more predominant
Large impact of the thickness

● Multiple SEU (MCU) based on the definition of the cell size

SET in LM139 
Proton experiments compared with 
METIS, SIMPA and PROFIT results 
using a sensitive thickness of 10 μm.
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METIS limitations and current status
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● For feature size < 32nm bulk or 65nm SOI, particularly in FinFETs,
variability in direct ionization (LET fluctuations, spatial energy deposition) 
is becoming a dominant process

● No further development / activities since 2018 when METIS was implemented in 
the OMERE tool

● RADECS 2021 & IEEE TNS 2022, D. L. Hansen, “Proton cross-sections from 
heavy-ion data: a review of the models”: The METIS model had the best 
performance of the MC models.  
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SIMPA METIS in OMERE METIS extended

Semi-empirical Monte-Carlo

Year 1989-1995 2011 2014

Company MATRA MARCONI SPACE Airbus

SEE SEU with sensitive 
thicknesses > 2 µm

SEU in deep submicron 
non-hardened SRAM like 

memories

SET, SEL,
SEU in SDRAMs

Inputs σHI(LET) 
+ sensitive thickness

σHI(LET)
(sensitive thickness = 0.5 σHI

1/2)
σHI(LET)

 + sensitive thickness

Criteria Critical energy

Sensitive volumes IRPP

Nuclear data Experimental energy 
deposition (diodes) MC selection of nuclear reactions

Time-efficiency <1s 1 min

Summary
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Conclusion
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● Underestimation of SIMPA predictions for SRAM < 1µm.

● METIS is a compromise between analytic approaches and Monte-Carlo based tools in order to get a fast and 
accurate engineering tool.

● Validated down to 20 nm bulk planar process (SEU in SRAMs).

● No validation below 20 nm and strong limitations

● Other models for proton cross section predictions based on heavy ion data
○ BGR (Burst Generation Rate)
○ PROFIT
○ Edmonds
○ Barak …
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