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�� Study started in 2012Study started in 2012

�� Most of the SEE rate estimation tools limited to RPP  methods:Most of the SEE rate estimation tools limited to RPP  methods:
� Not considering shielding surrounding the sensitive  area,
� Charge deposition based on mean LET

�� Need to create a prediction tool using Monte Carlo ca pabilities:Need to create a prediction tool using Monte Carlo ca pabilities:
� Considering the shielding/materials around the sens itive area,
� Charge deposition based on deposited energy through  realistic 

particle interactions

�� Others characteristics:Others characteristics:
� Generalist regarding the IC type and the SEE type t o predict,
� Allowing to study isotropic environments (SEE rate prediction) and 

also irradiation beams (cross section analysis)

ContextContext
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�� 2012 2012 -- 2013 : 2013 : 
SEE rate estimation tool taking into account physica l SEE rate estimation tool taking into account physica l 
interaction processes and shieldinginteraction processes and shielding

FASTRADFASTRAD GEANT4GEANT4

Deposited charges in the sensitive volumes are calcul atedDeposited charges in the sensitive volumes are calcul ated

First generationFirst generation



4 TRAD, Tests & Radiations08th March 2017

�� E.g. Cross section simulation E.g. Cross section simulation vsvs tests (electrons)tests (electrons)

Calculation parameters (Calculation parameters ( critical chargecritical charge , , sensitive volumesensitive volume
thickness and area) were defined using test datathickness and area) were defined using test data
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Second generationSecond generation
�� 2014 : 2014 : 

22ndnd generation of the SEE rate estimation tool generation of the SEE rate estimation tool 

First try of GDS importFirst try of GDS import

Carrier transportation models were introduced to take int o Carrier transportation models were introduced to take int o 
account the carrier diffusion to collection area throu gh account the carrier diffusion to collection area throu gh 
substrate substrate 
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Second generationSecond generation
�� E.g. Cross section simulation VS test (cocktail of i ons)E.g. Cross section simulation VS test (cocktail of i ons)

SRAM matrix of 9 cells built in SRAM matrix of 9 cells built in 
the tool using its modelerthe tool using its modeler

Only Only critical chargecritical charge had to had to 
defined using test datadefined using test data

ionsions
8484Kr  Kr  4040Ar  Ar  2020Ne Ne 1313CC
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�� 2015 2015 -- 2017 : 2017 : 
Several enhancements based on GDS, TCAD, and SPICESeveral enhancements based on GDS, TCAD, and SPICE

From now on, the IC model can be automatically builtFrom now on, the IC model can be automatically built

Third generationThird generation

Integrated Circuit design from GDSIntegrated Circuit design from GDS
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�� 2015 2015 -- 2017 : 2017 : GDS import examplesGDS import examples

Third generationThird generation

Differential 
amp 4T

Adder 12T
NAND 

gate 4T

Flipflop 30T

Clock divider 798TRecopy amp 54T

Current 
mirror 16T

3to8 decoder 70T
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Third generationThird generation
�� Carrier transportation based on Carrier transportation based on device simulationdevice simulation (TCAD tool)(TCAD tool)

IC design from GDSIC design from GDS

Ray Ray 
tracingtracing

Forward Forward 
Monte CarloMonte Carlo

Event ?

Device Device 
simulationsimulation
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Third generationThird generation
�� Event detection based on Event detection based on electrical simulationelectrical simulation (SPICE(SPICE--like tool)like tool)

IC design from GDSIC design from GDS

Device Device 
simulationsimulation

Ray Ray 
tracingtracing

Forward Forward 
Monte CarloMonte Carlo

Electrical simulationElectrical simulation
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Third generationThird generation
�� Graphical representation of the IC sensitivity Graphical representation of the IC sensitivity 

Device Device 
simulationsimulation

Ray Ray 
tracingtracing

Forward Forward 
Monte CarloMonte Carlo

Electrical simulationElectrical simulation
PostPost --processingprocessing



12 TRAD, Tests & Radiations08th March 2017

To recapTo recap
Prototype in a validation phasePrototype in a validation phase

�� IncludingIncluding : 
� IC model from GDS

� Ions transportation based on Ray Tracing and Forward Monte Carlo

� Carrier transportation based on device simulation (TCAD tool)
� Event detection based on electrical simulation (SPICE-like tool),

� IC sensitivity mapping 

�� Generalist toolGeneralist tool
� Predictions possible for different types of SEE : SEU/MBU, SET, 

SEL

� Prediction method not specific to a certain IC technology
� On-going validation with CMOS technology 

� Open to expand the validation to other technologies
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TRACARE DemonstrationTRACARE Demonstration
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Event detectionEvent detection
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Actual versionActual version
�� From system to circuitFrom system to circuit

�������� Taking into account the satellite shieldingTaking into account the satellite shielding

5cm5cm1m1m 5mm5mm

20um20um 7um7um 5um5um


