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The OMERE software

* The project

Since 1999

TRAD development with CNES support

Freeware for space radiation environment and effects on electronic components
Stand alone software (no internet connection needed)

Conceived to meet industrial requirements

Integrates ONERA models

Integrates outcomes of Research and Technology projects financed by CNES
Coupling with FASTRAD.
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The OMERE software

* The partnership

Airbus D&S
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Te!!ad!!!’/ OMERE in summary

=) mp‘

OMERE software
* One major release per year

Support for users
Training ’

Radiation analysis

Total number of downloads

2017 2018 2019 2020 2021
410 583 682 722 998

Downloads of OMERE in 2021
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e OMERE software
* What can we do with OMERE ?

Solar cells
degradation

Orbitography

OMERE in summary

Spectrum
(Flux/Energy)

S

Dose: TID / TNID

Flux mapping
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OMERE’s architecture and overview
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'

Mission

Software’s architecture

v

Environment

* Trapped particles
* Solar particles
* GCR

|“ Transport
I > SEE
LET spectrum
Dose Atomic Solar cells
displacement
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Software’s architecture

Spectra I_- Transport Transported spectra
L > SEE
5 - LET spectrum | .
2 Environment
q,«’b@ Mission » « Trapped particles Spectra
<§~Q % * Solar particles
S
S & + GCR
O@ v v
Dose Atomic Solar cells
Dose depth curve displacement Equivalent fluence /
degradation
Displacement damage depth curve
Output files

* Each module generates a specific output file
* Each output file has its own extension:

o .flx / .fle for Environment module

o .dos for Dose module
o .see for SEE module
®
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Two usages strategies

Transport

y/4 |_- y/4
U

\ 4

SEE

{4 {4

LET spectrum

Environment
Mission =% ° Trapped particles

” * Solar particles N
+ GCR R
\ 4 A\ 4

Dose Atomic Solar cells
displacement

y/4
7”7

* From mission
 Calculation is done considering the inputs/parameters set in the other modules
* No need to calculate the output for each module

* From files /
e User can input an orbit file instead of generating the mission with the orbit parameters
* E.g., user can input the spectra instead of calculating them with OMERE
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|" Transport

Software’s architecture

A\ 4

SEE

L LET spectrum |-

Environment

* Trapped particles
* Solar particles
* GCR

v

Mission

\ 4

\ 4

Dose

Atomic

displacement

Solar cells

* 1- Determines the spectra around the spacecraft
* |sotropic environment
* No shielding considered

e 2- Estimates the effects on components
» SEE rate, ionizing dose, non-ionizing dose
e Shielding: simple geometry only
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Why a simple shielding ?

* Impact of the shielding depends on the source A simple shielding geometry

* Heavy ions: weakly impacted
* Protons, electrons: strongly impacted

Particles type per effect :

Displacement

Single events damage lonising dose

Cosmic rays Solar flares Radiation belts

Considering the shielding:
* The simple geometry approach is appropriate for SEE rate
* A complex geometry must be considered for the dose calculation
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OMERE/FASTRAD coupling

i 1
i OMERE ] :
: Transport '
! —> SEE -
i - - LET spectrum i
: Environment '
1 . . | : 1
: Mission > ;’rapped pgrtlcles i
I * Solar particles :
: * GCR :
i i A\ 4 A\ 4 v :
1 .
i ! Dose Atomic Solar cells i
1
i : : displacement !
: i o i i 1
------------------------- P e e e e e e e e e e e e ]
i g i — i Displacement damage depth curve
mm=ommm e mmmmm e L B -
! FASTRAD i v | i I
I ! 8 | | > TID '
1 i Qi 1 " :
1 : A 4 \ 4 I
1 1 . 1
: | Ray-tracing :
: | :
1
i i |
! | TNID '
1 H :
: i Spectra :
| brmmmmoSSSmmmmmeemoes » Monte-Carlo !
1 1
L 1
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Output types

Outputs:
* Mean calculation: mean values for the entire mission
* Instantaneous flux: value at any time
* Along the orbit: values for every points of the orbit
* Proton peak flux: duration and flux of each SAA crossing

Trapped Solar LET Atomic Solar
Ele | Pro |Aver. |Flares GCR | Transp. spec. Dose disp. SEE cells
Mean on the mission | v v v v v 4 v v v v v
Instant flux v v v 4 v
Along the orbit 4 v 4 v v v v v
Proton peak flux v

See help menu for examples
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Output types

Outputs:
* Mean calculation: mean values for the entire mission
* Instantaneous flux: value at any time
* Along the orbit: values for every points of the orbit
* Proton peak flux: duration and flux of each SAA crossing

Trapped Solar LET Atomic Solar
Ele | Pro |Aver. |Flares GCR | Transp. spec. Dose disp. SEE cells

Mean on the mission | v v v v v 4 v v v v v

Instant flux 4 v v 4 v

Along the orbit 4 v 4 v v v v v

Proton peak flux v
Output See help menu for examples
Mean spectrum o Options
[Jsave BandL: C:\Users\damien. herrera\Documents\OMERE 5.7\BL.dat &=

Output electrons file:  C:\Users\damien.herrera\Documents\OMERE 5. 7\trappedElectrons. fix - ® Sto re d i N yo ur p ersona I WOr kS p ace

Output protons file: C:\Wsers\damien.herrera\Documents\OMERE 5. F\trappedPraotons. fix . .
* File > Default directory

Calculation

Calculation + Graph @ Calculation @ Cancel
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Output files

Typical output file structure:
* Afile is generated for each calculation

1 #
2 # OMERE -5.7.0.34019. - Trapped -electrons - flux file
3 ¥ . . -
4 ¥.-File: . C:\Uzsers\damien.herrera‘\Documents\OHMERE - 5. 7\ trappedElectrons. flx Header . OMERE VerSIOnI flle path"'
5 #-Creation:-26/09/2023-11:47:51
& #
8 #-Model.: MEQ.average-case . . .
© # Starc year: 2023 Space environment model information
10
11 $# -Use.the .default model -energy.grid
13 #.==.0rbit-1/1.== 7
14 #-Orbit-data-:
15 #-Name - : Crekit-Galileo-GSAT0101
16 #-Duration-: 12 .year (=)
17 # Perigee . : 23222.000000km
18 $#-Apogee - : 23222.000000km
19 #-Inclination.: 5&.000°
20 #-Argument.-of.Perigee- : 0.000° H / H H H H
21 % -Longitude.of.Ascending-node-: 253.703"° Orblt MISSIOn Informatlon
22 #- (with . respect.to-Greenwich)
23 #-True Anomaly-: 15.153°
24 #-Period.: S0eEl.772s
25 #-Humber-of.-orbits-: 17
26 ¥ -Humber .of -points-per-orbit. : 50
28 #.Energy.spectrum-: -
29 # Energy- -Differential flux. -Integral- flux 7
30 # MeV cm—2.5-1.MeV-1 cm—-2.3-1
31 0.2800 3.94034e407 1.00570e407
3z 0.4000 2.653662407 6.32133e406
33 0.5600 1.27928e+07 3.00766e+06 . H
- e el e Output data : energy spectrum, dose rate along the orbit...
215 1.1200 1,35325e+06 4.759440e+05
36 1.6000 3.2985%94=4+05 1.3846le+05
37 2.2400 €.33595=404 3.58784e404
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Summary

e OMERE allows us to:

e Compute the radiative environment around the spacecraft
e Estimate the effect behind a simple geometry shielding

* Considering a simple geometry for the shielding:
e Fair approach for SEE calculation
* Not for the dose at component level (only dose curves)
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lllAl) / OMERE’s main features

Shortcuts

Mission

Environment

Dose

Atomic Displacement
Single Event Effects
Solar Cells

Tips and advices
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Shortcuts

* Each button corresponds to a shortcut of an important module

e OMERE’s toolbar:

£} - OMERE

File Window View Mission Ernvironment Dose 5EE  Atomic displacement  Sclar Cells  AtOx Tools 7

e IOM (@D« hlkxuRe EEXX @

Files View Environment SEE AtOx  Graphs
Solar cells

Mission User Manual

Dose depth curve
LET spectrum
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t*""* € - OMERE

File Window View IL""_'EEE Environment Dose 5EE  Atomic displacement  Solar Cells  AtOx  Tools 7

2 Mission definition

Mission launch date

* Define the mission:
.+ Solar Cyde * Orbit
e Launch date

Date of launch : |09,|f26f2023 E~ |

-

Time of launch : |14:16:09 = |

Orbit{s)

Orbit name Inclination Apogee Perigee
w
Orbit GEO - 35784.0km  35734.0km i |

Orbit type: Orbit type
* Simple position O simple Position
* Orbit parameters (") Orbit Parameters
e Orbit file (_) Orbit File
e Two Lines Elements (TLE) OmnE

Cutput File: C:Wsers\damien. herrera\Documents\OMERE 5. Florbit )

e Ok @ Cancel
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(®@ Mission

— Simple position

2 Orbit parameters

* Mission defined for one specific position .
* Realistic only for GEO orbit Nane: A Sardae ~
Orbit type
» Useful for worst-case orbits (SAA) O simple Positon
() Orbit Parameters
() Orbit File
(TLE
Two types of parameters
* Coordinates: altitude, longitude, latitude lituce liad
* Mission duration: e o
o Solar cycle dependencies
o Used for cumulated quantities: e 2 degrees
o Fluence, dose, ... -
Mission duration : 15 year(s) ~
@ Ok ® Cancel
TRAD FOR_OME_PRES Software 5.7 VO TRAD Tests & Radiations
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* Use of orbit parameters:

* Apogee and perigee (or semi-major axis and eccentricity)

* |nclination

e Mission duration:

* Used for cumulated quantities:

o Fluence, dose, ...

* Resolution of the orbit sampling
* Number of orbits
* Number of points per orbit

7/ A

\

(/ =

100x100 3x10

E} Orbit parameters

Mame : Orbit LEO1 POL

(® Mission — Orbit parameters

[ >

‘ @) Standards T

Orbit type

() simple Position
© Orbit Parameters
() Orbit File

(OME

C] Semi-major axis and eccentridty
Apogee (Altitude) :

Perigee (Altitude) :

Indination

Perigee argument :
Longitude of ascending node

True anomaly :

Period : 100.9 mn

Mission duration :

Mumber of orbits :

Mumber of points per orbit :

A ox

800.000000

800.000000

98.000000

0

0.00000000

0

Semi-major axis :

10 year(s) ~

100

100

Duration :

Time Step :

km
km

degrees
degrees
degrees

degrees

7178.1 km

168.1 h

60.5 5

@ Cancel
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(® Mission — Orbit file

Orblt fl |e: 9 altitude latitude longitude
(km) (°) (")

w

* Input a file giving the position of the satellite at any moment
199,960 .000 180.000

* Four columns: altitude, latitude, longitude, time St ! e
e Order of the columns can be modified > e PO b
17 350.572 .242 ~161.390
Orbit type X: 417.624 .668 ~157.671
19 498,416 .083 -153.940
593.092 .485 ~150.205
o J02.303 .871 -146.468
O orbit File 826.489 .240 ~142.737
Ome 967.143 .591 ~138.992
1124.997 .923 -135.244
Column order: 25 1300.445 .232 -131.503
|Altitude Latitude Longitude

() Simple Position
() Orbit Parameters

FH RN -ONDEDD WO

File path:

Orbit Files Database Orbit Files Database:

~ i EOR
Q{ EOR_200km_36000km_%7days.dat

B O 000 3000 vt * Manage your database as you want

e Edit the column with the small arrows
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(® Mission — Two Lines Elements (TLE)

Two Line Elements (TLE)
* Input a file giving a serie of two line elements.
* The position of the satellite is interpolated between two TLE. The time resolution can be edited.

TLEs NOAA-15. File from celestrak.com

253380 98030A 98133.67211713 -.00000044 00000-0 0000040 O 26
25338 98.6959 163.5428 0000009 160.4552 25.6356 14.19938778 04
253380 98030A 98133.70628213 -.00000044 00000-0 00000+0 O 16
25338 98.7279 163.6236 0008455 317.7671 42.28506 14.23584175 03
253380 98030A 98133.77664591 -.00000044 00000-0 0000040 O 34
25338 98.7169 163.6809 0010553 336.0999 24.1467 14.22915048 09
253380 98030A 98133.77664591 -.00000044 00000-0 00000-0 O 35
25338 98.7169 163.6809 0010553 336.0999 24.1467 14.22915048 09

i#
1
2
1
2
1
2
1
2

Line 1
| Feld [ Cowmns [ Cotet [ Example |
1 Line number 1 .
03-07 Satellite catalog number LI ne 2
8 Classification (U: unclassified, C: classified, S: secret) U
10-11 International Designator (last two digits of launch year) 98 _
1 Line number 2
Satellite Catalog number 25338
Inclination (degrees) 98.6959
Right ascension of the ascending node (degrees) 163.5428
Eccentricity (decimal point assumed) 0000009
Argument of perigee (degrees) 160.4552
Mean anomaly (degrees) 25.6356
Mean motion (revolutions per day) 14.19938778

Revolution number at epoch (revolutions) 0
Checksum (modulo 10) 4

12-14 International Designator (launch number of the year) 030
15-17 International Designator (piece of the launch) A
19-20 Epoch year (last two digits of year) 98
21-32 Epoch (day of the year and fractional portion of the day) 133.67211713
34-43 First derivative of mean motion; the ballistic coefficient -0.00000044
45-52 Second derivative of mean motion (decimal point assumed) 00000+0
54-61 B*, the drag term, or radiation pressure coefficient (decimal point assumed) -11610
63-63 Ephemeris type (always zero; only used in undistributed TLE data) 0
65—68 Element set number. Incremented when a new TLE is generated for this object
69-69 Checksum (modulo 10) 6

O (N[ |W|N |-

V(N |[B_|W|IN |-

=
o
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From Mission to Environment

e Mission’s outputs processing to Environment:

Mission

* List of positions
* Launch date
* Mission duration

4

Environment

* Mission tool indicates to the Environment tool the positions of the spacecraft with time

4 N,

The Environment tool allows the user to select the models and set their parameters for
each source of particles

* Sources of particles
* Models and parameters
N Specific format )

o

Trapped protons average flux * Environment models take outputs of the Mission tool and compute energy spectra

—e— Differential flux

1E+05

1E+04
—&— Integral flux
1E+03

o v Each model takes a different format of inputs: transparent for the user

1E-01

v" Unique output file format

10 100 1000
Energy (MeV)

Flux (cm-2.s-1 or cm-2.s-1.MeV-1)

L
=
i

TRAD FOR_OME_PRES Software 5.7 VO TRAD Tests & Radiations 25




TRAD,

Tests & rad|at|ons

Environment — Trapped particles

£ - OMERE
File Window View Mission | Environment | Dose SEE Atomic displacement  Solar Cells  AtOx  Tools 7

Model selection
k

Model : AEE

Weighting

IUse Daly interpolation

Protons
Model : AP3
{ECSS 10-04 for non-spedfic orbit)

() Max O Min Weighting

Magnetic field STANDARD (JENSEM_CAIN) Use Daly interpolation

=
< ~

4 N
,/Energy grid \\
j 1 —_—
Energy gr’d option l\ (] custom grid: , C:\Usersidamien. herrera\Documents\OMERE 5. F\EnerayGridTrapped. twt ﬁ

\ /
~ -

Soogoo®

Output type selection:
Mean spectrum
Instant flux
Along the orbit
(Proton) Peak Flux

— : Options
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Environment — Solar particles

@ T8 £ - OMERE
. File Window View Mission | Environment | Dose  SEE Atomic displacement  Solar Cells  AtOx  Tools 7

Two types of models:

Average Statistical models Flare models
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TX49 Environment — Solar particles

TTEco comee™

£} - OMERE
@ a File Window View Mission | Environment |Dose SEE  Atomic displacement Solar Cells  AtOx  Tools 7

Two types of models:

Average Statistical models Flare models

lons range
selection

B A
iod: [ 1100 | vearl) | W

Model selection

ECSS 10-04 standard
Confidence level: - oy
—

Energy arid Parameters
[ custom grid:
C:\Jsers\damien. herrera\Documents\OMERE 5. 7\Eni n {\

N,
~.

Magnetospheric
Output type: cutoff model
Mean spectrum selection
Instantaneous flux (at an energy)
Instantaneous energy spectrum
along the orbit
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TX49 Environment — Solar particles

TTEco comee™

£} - OMERE
a a File Window View Mission | Environment |Dose SEE  Atomic displacement Solar Cells  AtOx  Tools 7

Two types of models:

Average Statistical models Flare models

Model selection Parameters

lons range
selection

C:\Users\damien.herrera\Documents\SMERE 5. 7\solarFlareProtons. fix [

C:Wsers‘\c:lamien.henera‘ﬂomments‘lpM&E 5. T\eolarFlarelons. fix
\
Magnetospheric
cutoff model
selection

Flux of protons/ions at
a given energy

TRAD_FOR_OME_PRES_Software_5.7 VO TRAD Tests & Radiations




TRAD,

Tests & rad|at|ons

Environment — Galactic Cosmic Rays (GCR)

iﬁ; € - OMERE
File Window View Mission | Environment | Dose  SEE Atomic displacement  Solar Cells  AtOx  Tools 7

Model selection

lons range
selection

Environment

Magnetospheric cutoff
model selection

Flux at a given energy for each ion species

TRAD_FOR_OME_PRES_Software_5.7 VO TRAD Tests & Radiations




TXAN,

From Environment to Effects

* Environment’s outputs processing to Effects modules:

. rapped protons average flux
4 Environment D L. repped prorens sveree

1
N
m
o
&

—e— Differential flux

—a— Integral flux

* Sources of particles
 Models and parameters
* Specific format

Flux (cm-2.s-1 or cm-2.s-1.MeV-

0,1 1 10 100 1000

\ )
/ j Energy(MeV)
Atomic
displacement
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Dose

£} - OMERE
File Window VWiew Mission Environment Elu:uzel SEE  Atomic displacement Solar Cells  AtOx  Tools 7

Estimate a dose depth curve

* The dose depth curve is calculated with SHIELDOSE-2 considering:
* Energy spectra
e Calculation parameters: geometry, target material

* Inputs: energy spectra

* From mission: the spectra are calculated considering the mission and models selected in the
environment module

* From files: user directly inputs the spectra

* Parameters:
* Geometry: simple geometry considered for the dose calculation
e Target material: the dose estimated in a given material
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Dose

5 £} - OMERE
rl‘l' File Window VWiew Mission Environment E}uzel SEE  Atomic displacement Solar Cells  AtOx

Calculation type:
Mission dose depth curve
Dose rate along the orbit Dose depth curve calculation

) Settings...

Input data:
From mission data B select files...
From data files

) settings...

Geometry:
Solid sphere
Shell sphere
Finite slab
Semi-infinite slab
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Atomic displacement

£} - OMERE
h-m' File Window View Mission Environment Dose SEE Ihﬁﬁcaﬂﬁc;neztlﬂular(:ells AtOx Tools 7

Estimate a displacement damage depth curve

* The dose depth curve is calculated considering:
* Energy spectra
e Calculation parameters: NIEL data

* |nputs: energy spectra

* From mission: the spectra are calculated considering the mission and models selected in the
environment tools.

* From files: user directly inputs the spectra

* Qutput:
* The result can be expressed in terms of displacement dose or equivalent fluence
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Atomic displacement

‘. £} - OMERE
h'..ITI File Window View Mission Environment Dose SEE Ihﬁﬁcaﬂﬁc;neztlﬂular(:ells AtOx Tools 7

Estimate a displacement damage depth curve

* QOutput:
* The result can be expressed in terms of displacement dose or equivalent fluence

* Equivalent fluence:

» Corresponds to the fluence that a monoenergetic beam of a given particle must have to deposit the
same Displacement Damage Dose (DDD) of the mission

* Parameters
* Target materials
* Non-lonizing Energy Loss (NIEL) model
* Type of particle and energy for the computation of the Displacement Damage Equivalent Fluence (DDEF)
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Atomic displacement

> 0 OMERE

Input data:
* From mission data
* From data files Input data

Atomic Displacement

~ Select files. ..

QO tormal () Omni-directionnal

Parameters Calculation parameters l

Output:
* Displacement dose
* Equivalent fluence Options

Calculation type:
* On the mission
* Along the orbit
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Atomic displacement

> 0 OMERE

Estimate a displacement damage depth curve

* Non-lonizing Energy Loss models available in OMERE:

* Summers93 (by default for Silicon)
e Barry95 (for GaAs)
« NEMO-ONERA (Si, GaAs or any other materials)

* Possible to import your own NIEL data

Atomic Displacement ? X

Input data NIEL data

Flux :  From mission data > Select files... © Defined materials  SILICON {summers 93)
Indidence : © rormal () Omni-directionnal

: () Your NIEL data
[ Calculation parameters —

NIEL Protons :

Output data

MIEL electrons :
Output type : Equivalent fluence file w

Calculation type : | On the mission w Options

~ | Other material

(with NEMO)
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J [.] L £} - OMERE

File Window Wiew Mission Environment Dose E.EElAtumicdisplacement Solar Cells  AtOx  Tools 7

Estimate a SEE rate

* The SEE rate is calculated considering:
* LET spectrum for ions / Transported flux for protons
* Cross sections data (Weibull fit, experimental data...)
* Calculation parameters: Number of sensitive cells and cell depth

* |Inputs: energy spectra

* From mission: the LET spectrum and transported proton flux are calculated considering the mission and
models selected in the environment tools, user has to choose the shielding thickness

* From files: user directly inputs the LET spectrum and the transported proton flux

* QOutput:
* The SEE rate is computed for each source of particles
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Estimate a SEE rate

Com pone nt database 16} component & Envirorment ¥ Tons ¥ Protons

* Choose one or several components (calculation for several components in 1 run)

* The database can contain many information : Function, Manufacturer, Technology... Have to define the
number of sensitive cells and the cell depth.

B Use database  C:\TRAD\OMERE 5.7_test_release\datac\ComponentSELDataBase. @

.
Name Function Manufacturer Technology Ref,
ﬂ HF459045 Transistor Example A MOSFET 7
u HF459047 Driver Example B CMOS %
r Database management
&
Z
Current component: HF 453046 o @ Save @ Revert
iNumber of zensitive cells: Cell depth: microns i <— Parameters
e e
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Single Event Effects

Estimate a SEE rate
e Definition of the Environment B component & Environment 3% 1ons % Protons

* From Mission

lUse environment from: 0 Mission (I Files

Protons: Ions:

Source Model Source Model

] e Trapped Partides ... APS min O e Trapped Partides ...  APS min

Choose the source of | |E@J solar Mean Protons  ESP (J&) solar Mean Protons ~ ESP Choose the source of
protons O ﬁ Solar Flare Protons  Worst day octob... O ﬁ Solar Flare Protons  Worst day ... heavy ions

] ﬁ Solar Flare Ions (Z... CREMES6 worst ... ] ﬁ Solar Flare Ions CREMESEG ...

@ & Cosmicsrays (Z=1) GCR-ISO @ & Cosmics rays GCR-ISO

- =~ ~

Shielding type:
* Single
* Sector file

——>  [¢Mission Shielding'
Single

1
\

SO

Unit: "
g/cm?
um
mm
mils
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Single Event Effects

Estimate a SEE rate

e Definition of the Environment &} component & Environment . 1ons & protons
* From Files

Use environment from: () Mission 0 Filez

Input files

B Transported protons flux file Energie Fluzx
C:\Jsers'damien. herrera'\Documents\OMERE 5. 7\trar Y MeV ~ || fam? fs MeVy

Choose the file path -
@ LET spectrum file LET Flux

C:\Usersidamien.herrera\Documents\OMERE 5.7WET. | | g MeVom2fg ~ fom?fs
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Single Event Effects

Estimate a SEE rate

 Definition of the cross section data and model (ions and protons) & component @) Environment #%: Ions 4 protons

Selection of the fit model

W |1.984e+1| 5 |1.531e+0 | |

Limit cross section:

Cross section type: i i «—— Fit parameters

Data input LET threshold: |

Fit parameters only STLS e e MeV am? jmg

Step function LET Cross section .
File MeV.cm2.mg-1 am?fdevice &2 Fit Estimation
b 3e-05
4. 0.0001
5 0,002
3 0.003
Note : Ascending 19 0.04 Critical charge: 00815178 pC
For protons, if you do not R o093 a=b= 4.69276
. . Cc= 2pm
have test data or Weibull fit, Material = SILICON (2.33g/cm3)
you can estimate the proton
data from ions data with
PROFIT, SIMPA or METIS

methods

@Cross section ok, B view data = Exportdata
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Single Event Effects

Estimate a SEE rate

 Definition of the cross section data and model (ions and protons) & component @) Environment #%: Ions 4 protons

Selection of the fit model

W |1.984e+1| 5 |1.531e+0 | |

Limit cross section:

Cross section type: J i —

Fit parameters
Data input LET threshold:

Fit parameters only STLS e e MeV am? jmg

Step funCtion LET Cross section

Eile MeV.cm2.mg-1 cm?fdevice & Fit Estimation
3e-05

0.0001

0,002

0.003

Note : Ascending 13 0.04 Critical charge: 0.0816178 pC

For protons, if you do not R o093 a=b= 4.69276

. . c= 2pm
have test data or Weibull fit, Material = SILICON (2.33g/cm3)
you can estimate the proton
data from ions data with
PROFIT, SIMPA or METIS

methods

B
4.5
5.5
8

@Cross section ok, B view data = Exportdata

Output file C:\sers'damien.herrera\Documents\OMERE 5. 7iseeRates.see &

i Cosmic rays (Heavy lons Rate)  Solar protons (Protons Rate)
Calculations

HF450046 12.33e-1 /device /day [5.06e-2 /device /day

Compute the SEE rate | |
P (®) Fun selected components) |~ 2 @ conce HF459047 T.81e-2 /device /day 5.14e-2 /device /day

TRAD_FOR_OME_PRES_Software_5.7 VO TRAD Tests & Radiations




TXAN,

Solar cells

£ - OMERE
File Window View Mission Environment Dose 5EE Atomic displacement |_5|:|Iarl:e||5 AtQx Tools 7

Estimate the degradation on solar cells

* Three models:
« JPL: estimates the equivalent fluence for three electrical parameters:
O Pnaxs Vocr Isc-
* NRL: estimates the EOL (End Of Life) performances via displacement damage.
* SADC: estimates the GRF (Global Remaining Factors) for each electrical parameters via displacement damage.

e Three types of shielding:
* Simple: only one value of shielding is considered
* Multiple: the degradation is estimated for several values of shielding
» Complex: different layers of shielding, considering realistic material (only available for SADC)

* QOutput:
* OQOutput file with EOL performance for each source of particle (JPL/NRL)
e Output file with GRF for each electrical parameter (SADC)
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7\ /)
TEAD Solar cells — JPL and NRL

£ - OMERE

a HEICO ‘“"”

File Window View Mission Environment Dose 5EE Atomic displacement |_50IarCeII5 AtQx Tools 7

Inpul' data: I Solar Cell Degradation ? X

-

e From mission data " P
* From data files . Type: | From mission deta / Y

~
SS

S~

Degradation Model

NRL (O-SCREAM)

]  NRL Specific
Degradation model: -3 Technology

® NRL i Material
* JPL

Shielding parameters

4
i
w

Thickness unit:  pm ~  Density: 2.70 gfem3 E

Calculation type:
* Mean of the mission
* Along the orbit
* Time profile

Cove 3 50,00 um E D Multiple:  from 50 to 200 um @

Back:

prm==s=ssmm—————s

Back Shielding: Infinite
Coverglass || Displacement
Thickness || Damage Dose
(um) I (MeV/g)
|| Electrons Protons

C:\Users\damien.herreras) Documents\OMERE 5.7\sclarcells.dat

Caleulations

5.000e+01 1.712e+09 3.218e+09 4.931e+09 7.854e+01 Y| Calculation + Graph (®) cafestion
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Solar cells — SADC

£ - OMERE
File Window View Mission Environment Dose 5EE Atomic displacement Eul?rﬁlls AtQx Tools 7

Input data:
From mission data
From data files

Solar cell model:
Optlca/ Iayer > Optical Layer - coverglass
Active layer +> Optical Layer - cg adhesive
. . i-» Optical Layer - InP
Shielding layer > Active Layer - GaAs

Can be modified > Shielding Layer - Ge
£ Shielding Layer - BackContact
> Shielding Layer - back_adhesive

SADC allows to: +* Shickding Layer - Aluminium back plate
define a realistic solar cell model
consider the darkening due to TID on coverglass
propagate measurement uncertainties
study new technology of solar cells

0]0/0]0]0]0]0J0)
PEEEEER®®®
©OIOICICICICICICIO)

Electrical parameters
Hame 1 DDDe DDDe—->p DDDp

RF

(%) Output

|
(MeV/g) (MeV/g) (MeV/g) |
1 min 1 mid min max
|

C:\Users\damien.herrera Documents| OMERE 5.7\solarcells.dat

-15278e+08 3.152T75e+09 -81115e+08 96.187 96.197 . G6.1176 . 96.1176
-15278e+08 1.45568e+09 -81115e+08 -8404 89.8404

-15278e+08 1.70307e+08 -81115e+08 .8301 80.9301 . 80.8632 . 80.8632
.1527%e+09 3.1527%e+09 L.8111%9e+09 L6636 94,6636 . 94.5854 . G4.5854 L/ §
152792409 6.2246e+08 811192409 L9862 87.9862 =

Calculations

Caloulation + Graph @Calculaﬂon
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Other functionalities, tips and advices
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* Flux and magnetic field mapping for example

Other functionnalities

Trapped electrons
AE8 MAX - JENSEN CAINZ -90 °

Many others:
* SEE mission’s data plots
* LET computation in material (ion test)
* DDEF converter
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Tests & rad|at|ons

Tips and advices

Think to look at the setup button : &

The environment models are always indicated at bottom left corner of OMERE window:

Options
| Physics

09/26/2023 - 15.00 years || AP8 min || ESP 80% || GCR IS0, cut || Current file version: 5.7.0

[T output files in EXCEL (.xls) compatible format

Number of calulation threads: (max: 12 threads)

Orbit Files Database Path:

I nte re Sti ng O ptio n S ava i Ia b | e i n O M E R E : C:/Users/damien. herrera/Documents /OMERE 5.7/Orbit DB/

Default directory

Define your workspace in OMERE: File -> Default directory

List of last used directories
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uu

£ - OMERE

File Window View Mission

* Help menu:
e Global and advanced information
e Available for each module
e Check the top right corner !

@ Trapped particl (7
rapped particles f
pped p S
Mission data
Mission start: 2023 Lifetime : 15 year(s) Mumber of orbits: 1
Electrons
Model : AEB w

(ECSS 10-04 for non-spedfic orbit)
O Max () Min

Magnetic field STANDARD (JEMSEN_CAIN)  ~

Weighting

Use Daly interpolation

Help menu

Environment Dose

% OMERE Help Menu
e &= =

5EE  Atomic displacement

-

AtCOx Tools

-—

Solar Cells

Masquer Précédent Suivart ImpAmer  Options

Sommaire Rechercher

= () User Manual
@ General
= ([ Mission
@ Define the mission
@ Define the orbit
@ TLE input file example
= th Environment
0
@ Solar Particles
] Cosmic Rays
[£] LET Spectrum
@ Import Edemal Fluxes
] Transport
[5] Transfer function
[] Interplanetary

e [£1 Wapping

@ Calculation
= () Advanced section

@ Mission
Envionment
[£] Trapped particies
[2] Solar particles

Cosmic rays

[5] LET spectum
[5] Transport
[£] Transfer function

@ Caleulation

4] Bibliography

Trapped Particles

If you only wish to read the summarized instructions on how to use this dialog click here.

More details on the different models can also be found in the advanced section.

Particles, mainly protons and electrons, are trapped by the Earth's magnetic field forming the Van Allen radiation
belts. Radiation due to trapped particles affects all Earth orbiting missions. OMERE allows the user to estimate

electron and proton fhxes through various engineering models. The user accesses the trapped particle module from
the main OMERE window by selecting Envirorment and then Trapped Particles:

@ Trapped particles ? x
Mission data
Mission start: 2023 Lifetime : 15 year(s) Number of orbits: 1
Electrans
Mode! : AEB ~
(ECSS 10-04 for non-spedific orbit)
© Max CIMin Weighting
Magnetic field | STANDARD (JENSEN_CAIN) Use Daly interpolation
Protons
Model : AP3 ~
(ECSS 10-04 for non-spedific orbit)
(O Max O Min Weighting
Magnetic field | STANDARD (JENSEN_CAIN) Use Daly interpolation
Energy grid
[ Custom grid: C:\Users\damien. herrera\Documents\OMERE 5. 7\EnergyGridTrapped. bet [
Edit New
Output
Mean spectrum ~ Options

[ClsaveBandL: C:Wsers\damien.herrera\Documents\OMERE 5.7\BL.dat

Output electrons file:  C:\Documents\OMERE 5. 7\trappedElectrons. fix -

Qutput protons file: C:\Documents\OMERE 5. 7\trappedProtans. fix -
Calaulation

[P calcuiation +Graph (B) calcuiation @ cancel
L 4

This window is divided in five parts:
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Need some help ?

Do not hesitate to contact us at our TRAD email adress

if you need more information or support !

omere@trad.fr
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TXAN,
Thank you for your attention

For further information on:

www.trad.fr — www.fastrad.net
WWW.rayxpert.com — www.r2cots.com

@Q O TRAD Tests & Radiations
@TRAD_Officiel

,E trad@trad fr \ +33 (0)5 61 00 95 60
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