
SERESSA 2022
5th to 9th of December at CERN, Geneva

Introduction to OMERE: a tool for space 
environment and radiation effects on 

electronics devices 
Léo Coïc, TRAD



SERESSA 2022

Agenda
qIntroduction
qEnvironment sources and variations
qMission and environment definition in OMERE
qTID / TNID calculations
qMiscellaneous modules
qCalculation example

2Introduction to OMERE – Léo Coïc, TRAD



SERESSA 2022

Introduction

3Introduction to OMERE – Léo Coïc, TRAD



SERESSA 2022

TRAD & OMERE
qTRAD benefits of more than 20 years of expertise 

in radiative environments and provides advanced 
services to help companies predict and minimize 
radiation effects on their products and systems.

§ Test services
§ Component selection
§ Engineering support
§ Software solutions
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OMERE is the ultimate freeware for 
radiation environment calculation !

ü Space Environment modelling
ü Trapped particles
ü Solar particles
ü Galactic Cosmic Rays

üCumulative effects 
ü Dose / Displacement damage depth curves

ü Single Event Effects
ü SEE rate calculation

ü Solar cells degradation
ü Interplanetary missions
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The OMERE software
qDevelopped by TRAD with CNES support

qConceived to meet industrial requirements

qPartnership of european actors
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Environment sources and variations
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Space radiation environment sources

qVan Allen radiation belt

qSolar particles

qGalactic cosmic rays
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Temporal variation
qSolar magnetic field

• 11 years cycle (approximately) 
• Dipole during solar minimum
• Complex during maximum

qSolar activity has an impact on:
• Galactic cosmic rays
• Solar flares
• Trapped particles
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11 years

Today: Solar cycle #25
• Min started in 2020
• Max would be reached in 2024
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Spatial distribution
qMagnetosphere:

• Cavity where the magnetic field dominates
• !"#$%"&'(%)#*+#,)-for the satellites (from +)./,+ %"0.and 

.)&"%1&"%*.).
• 2%"((,-3 of lower energetic particle
• Undergoes the pressure of the solar wind

qCharged particles are deflected by the magnetic field
• Particles have to be very energetic to reach low altitude 

orbits.
• Electrons can not penetrate the shield 
• No protection near the magnetic poles
• 411,+,*-#'"3",-.#'.)&"%'("%#,+&*.'"-5'+)./,+'%"0.
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The magnetosphere
• Earth magnetic field (B!"#$%)

• Dipole
• Tilted wrt spin axis (11°)
• Off-centered (500km)
! South Atlantic Anomaly (SAA)

10Introduction to OMERE – Léo Coïc, TRAD



SERESSA 2022

Particle spectra
qWhat is a particle spectrum ?

! Gives the amount of a given particle above or at a given energy
! The quantity of particle is expressed as a flux or a fluence:

• !"#$: Number of particles crossing a surface per time unit %&'()*'+&,&
• !"#-.(- : Total number of particles crossing a surface during a given time %&'()*&,

! Two different kinds of spectra:
! "#$$%&%'(#)*

• /0123("-+&014#.5 0&637-.&-.-168&9'()*'+':-;<
! +'(%,&)*

• /0123("-+&0=47- 0&637-.&-.-168&9'()*'+<
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• Output of engineering +>0(-
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• Output of engineering +>0(-
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Mission and environment definition in OMERE
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OMERE architecture
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1- Determines the spectra around the spacecraft
• Isotropic environment
• No shielding considered

!&/04,+1//%

2- Estimates the effects on components
• SEE rate, ionizing dose, non-ionizing dose
• Shielding: simple geometry only
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Mission definition
qDefine the mission:

§ Orbit
§ Launch date
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qOrbit type:
§ Simple Position
§ Orbit Parameters
§ Orbit File
§ Two Lines Elements (TLE)

LEO polar orbit
&'$($)*!+,+-../0
123'(2"$(42,+5-6
7)#"$(42,+8+9!"#:
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Environment definition
qEach environment source à dedicated module

§ Solar particles
! Average
! Flare

§ Galactic Cosmic Rays
§ Trapped particles

qDefine model (standard or not)
qEnter calculation parameters (specific to each module)
qCalculate energy spectra
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Solar particles average models
qMostly used for TID

§ ECSS Standard: ESP
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!"#$%&'()*%+,- -.&'// 0'1%2
[3&4+0%+, ONERA]

5$6,+'$0%$&0'1%2
[537, JPL, SAPPHIRE …]

- Confidence level
- Solar active period
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Solar particle Flare models
qMostly used for SEE rate calculation

§ ECSS Standard: CREME 96 (for protons & ions)
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5$6,+'$0%$&0'1%2
[:;5!5<= , SAPPHIRE …]

- Sub-models (5min, day…)
- Elements

5$%+#89()%-&+.0
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Galactic Cosmic Rays
qAnti-correlated with solar cycle

§ ECSS Standard: ISO 15390
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5$6,+'$0%$&0'1%2
[>:;9?3@A9CREME96 …]

- Solar condition
- Elements

5$%+#89()%-&+.0

!"#$%&'()*%+,- -.&'// 0'1%2
[3&4+0%+, ONERA]
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Trapped particles
q1 lower proton belt
q2 Electron belts

§ ECSS Standard : AP8 for protons
§ ECSS Standard: AE8 (or orbit specific models) for Electrons
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5$6,+'$0%$&0'1%2
[BCD, Ax9, GREEN…]

- Parameters (if available)
- For electrons and protons

5$%+#89()%-&+.0

!"#$%&,-9/,%210'1%2
[E%$(%$9F9:",$9G<=H, GSFC…]

Protons
!"#$%&' !"# ()!"*+$),-./
!"*+$)%0%*&)/&1&./&.%0')+.2-3%"$$&*+2&/

Electrons
!"#$%&' $%&'()*+,-
!"*+$)%0%*&)/&1&./&.%0')4"52*0%"$$&*+2&/
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Available models
qModels: 

• In-situ measurements
• Range of validity of L and energy
• Standards

qOptions:
• Solar min/max
• Confidence level [%]
• Magnetic field
• Magnetospheric cutoff
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! !"#$$%&$#"'()*%+
! "#$%&'()*

! ,-.
! /0-12334
! 5-6
! +,+-"
! ./+0
! 1"2
! 34""-

! 5'(&()*
! ,7.
! 152
! +51/
! 34""-

!!"#$%&'()*%+,- -.&'//
! 8'9":%"
! +-"41

! !"#$%&,-0/,%12
! ;%<+%<1=#(<
! 678(#9'
! :34;
! 3.;<=

! =>+:() "#?+
! 0=@1/861ABCD3
! <4">"=?@
! <4">"=2@=

! 8>*#"1$#"'()*%+
! 5'(&()*=A9B$'9C$D

! -87
! E5/2F
! E5/2F="G&$)H$H
! .+/54+
! .5+;
! .155I:4"

! :()*=A9B$'9C$D
! 5.J<I:<
! I$#7KL
! .155I:4"

! .(#9'=M#9'$L(H$#*
! <4">"=?@
! =@-5-1D41
! :+;/14
! .155I:4"
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Calculations
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Ionizing Dose
qThe dose depth curve is calculated with SHIELDOSE-2 considering: 

§ Energy spectra
§ Calculation parameters: geometry, target material

qInputs: energy spectra
§ !"#$ $%&&%#': the spectra are calculated considering the mission and 

models selected in the environment module.
§ !"#$ (%)*&: user directly inputs the spectra

qParameters:
§ Geometry: simple geometry considered for the dose calculation
§ Target material: the dose estimated in a given material
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Atomic Displacement
qThe dose depth curve is calculated considering: 

§ Energy spectra
§ Calculation parameters: NIEL data

qInputs: energy spectra
§ !"#$+$%&&%#': the spectra are calculated considering the mission 

and models selected in the environment tools.
§ !"#$+(%)*&: user directly inputs the spectra

qOutput:
§ The result can be expressed in terms of displacement dose or 

equivalent fluence*
*Correspond to the fluence that a monoenergetic beam of a given particle must 
have to deposit the same Displacement Damage Dose (DDD) as the mission
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Solar cells
qTwo models:

§ -./ : estimates the equivalent fluence for three electrical 
parameters: Pmax, Voc, Isc.

§ 01/ : estimates the EOL (End Of Life) performances via 
displacement damage.

qTwo types of shielding:
§ Simple: only one value of shielding is considered

§ Multiple: the degradation is estimated for several values 
of shielding

qOutput:
§ Output file with EOL performance for each source of 

particle
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Other features
qFlux and magnetic field mapping
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qMany others: 
§ Ion LET vs range in material (ion test)
§ Interplanetary missions
§ …

Solar particle flux attenuation law (ECSS)
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Standard process: TID / TNID
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Mission definition

Solar particles GCRTrapped particles

Trapped
Protons

Trapped
Electrons

Solar 
Protons

Solar 
Ions

GCR 
Protons

GCR 
Ions

TID / TNID Calculation SEE Calculation
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Standard process: SEE
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Mission definition

Solar particles GCRTrapped particles

Trapped
Protons

Trapped
Electrons

Solar 
Protons

Solar 
Ions

GCR 
Protons

GCR 
Ions

TID / TNID Calculation SEE Calculation
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!"#$#%&'()
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Calculation example
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Environment and dose calculation

1. Compare the dose as a function of the thickness for the two missions.

2. Compare the average trapped proton flux for each orbit.

3. Compare the solar proton flux >10 MeV along each orbit.
4. Conclude
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Calculation example solution
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Solution
qMain differences found in : Solar protons & Trapped protons
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Solution : Trapped particles
qLEO1 : High altitude àDeeper in Trapped proton belt
qLEO2 ISS: Lower altitude 
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Solution :  Solar particles
qLEO1 : Polar orbit à High inclination

§ Less protected
§ Higher solar proton fluence

qLEO 2 : Low inclination
§ More protected
§ Lower solar proton fluence
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