S

) C:
Examples of applications cases of GEANT4 in space

environment effects analysis with the SpaceSuite
tools and feedbacks

J. Forest(3), B. Jeanty-Ruard(®), A. Trouche(), N. Chabalier(1), A.
Artola(?), G. Hubert(?), J.-C. Mateo-Velez(?), P. Sarrailh(?)

(1) Artenum Toulouse; (2) Artenum Paris; (3) ONERA-DPhy

14th Geant4 Space Users Workshop— October 2019
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> |1 | Impacts of the space environment

 Harmful effects of the spacecraft environment

« Consequences on equipment:
« Losses of sensitive components, payload or even of the entire
spacecraft;
« Malfunctions.

Spacecraft Charging

* Space Multipactor Contamination

qualification

Low energy
Energetic plasma

plasma

Outgassing

« Optimisation

Neutral O-atoms

Debris

Radiation belt
particles

Cosmic rays

Radiation

Solar flares
particles

~~—" Electric Components

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement
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- 12 New missions, New challenges

New constraints

Use of New New missions
COTS spacecraft (EOR, Optimisation
components designs constellations...)
New actors Risks reduction

Proposed solution

Finer modelling of the
impact of space environment

|
Single physic analysis Multi-physics analysis

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement
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- | SpaceSuite, a new approach

« An Artenum / ONERA partnership

- To provide a structured software suite for
the assessment of the impact of the space O NERA
environment on space systems

- With
A multi-physical approach to better assess the consequences
on space systems
« Integration of reference models and tools validated

RTENUM

—_—

THE FRENCH AEROSPACE LAB

- Through some key axis
« Spacecraft charging and surface-plasma interactions
» Electrical propulsion impact characterisation
« Radiations analysis and single events in electronic devices
« Internal charging

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



SPACECRAFT CHARGING

SPIS

GEOMETRY & MATERIAL DEFINITION

J0GE

ExtendeD Gdml Editor
SECTOR SHIELDING ANALYSIS
+QUICK RADIATION ANALYSIS

0

ELECTRICAL PROPULSION =

SPIS-EP

ADVANCED RADIATION ANALYSIS
MONTECARLO PARTICLE TRANSPORT

e

@K

——— Modelling Of Radiations

DOSE RATE / CHARGE RATE TOTAL IONIZING DOSE (TID)

INTERNAL CHARGING

SPIS-IC

[Gy edectron-1.8-1
7.152e-12

Reproduction, communication and use is forbidden without prior written agreement
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SINGLE EVENTS

\
SINGLE EVENT EFFECT - UPSET MODELLING

GEANT4

A SIMULATION TOOLKIT
+ Exp. Data from Gadlage et

al
 Exp. Data from J. Tonfat,

L Artolaetal

B SEE-U simulation

SPECTRUM AFTER SHIELDING

Dt e V3 ST

@t e

I,

e 300 o chiaiing  Campriasn bt Spameis s MieOe

GEANT4

A SIMULATION TOOLKIT
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- || Radiation transport analysis

- Geometry creation/edition for
GEANTA4 based tools
« Native support of the GDML format

ExtendeD Gdml Editor - 3D visualization

/home/benj/Bureau/communications/sctc2018/ambre Gdml/ambre_v9_no_connector-dome_deflector7 -CardsForDoseUnrolled_noOverlap.gdml ... - o x

File Tools Views Help

A 1] H ° Geometry D Material Definition f]', Material Assignment

¢ Materials Edition [0 shapes — o | (1] Properties _ ot o| [T Viewer -oo

.y = . . 2ol (&%) (2] Lot (e s J(sa J (02 J(=t ) [-Modeloperations-  |v]
Shape L’\K
- Edition and attribution
v ™ casing oL
® I t/ t f t - I ® top O ||| Type Box
I I l I I I  ambreTopSupportocC () (¥
p O r e X p O r O a e rI a S # ambreAttachmentl () ) Name lateralFacel
. u . | w lateralFacel  [@]&] Dimensions configuration
-  |ateralFace2 o™ (
i M u Itl att rl butlon ™ |ateralFace3 o™ X 50.0 mm
™ |ateralFaced @0 —_—
™ ambreAttachment2 (V) y 35 ()
£ ambreBottomSupportC(_ (/) N 200 I
 bottom o™ :
. E a S to u S e £ cardSBox oW thickness 0.0 mm /4
£ copperString [ 1]
 SingleComponent [ 1| . : .
- ™ equivalentComponentsCc il (V] (Umts ExugRson N
* Reach import/export e A —"
v B extremityl [ ]
™ internal [ 1| .
mgm ™ ™ contour oy Position .
capabilities X | —
™ internal_1 o X1 2.0
™ contour_1 [ ] v 87.0 —
v ™ cards [ 4
. STEP-AP 203/214
™ card2Tube [ 4
™ card3Tube [ ] Rotation
Y G M S H ™ card4Box oV f
 card6Tube oo X 0.0
v ® deflector [ 1| ,
= ™ deflectorEllipsoidl [ 1% Y 0.0 radian v
. MCNP (partial Tl | (e
™ cache2Tube [ )4 Z |00
 supportA oV ‘
 supportC oV e
® - v  tubeEquivalentl oV @J
™ TubeA [ 1o
™ TubeB o™
™ TubeC [ ]
 TubeD eov,

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



/home/benj/Bureau/communications/sctc201 8/ambre Gdml/ambre_v9_no_connector-dome_deflector7 .CardsForDoseUnrolled_noOverlap.gdml ... = o x

File Tools Views Help

l_§ EJ Q g Geometry n Material Definition fﬂ Material Assignment

m - I:I| roperties = EI aewer \ - |
(2)le)le]) (=] (e Lot ) (s e e s st |- Model operations - N
Shape ﬁ\@s_
v # world @
v ™ casing oL
™ top oM Type Box
™ ambreTopSupportocC () (/]
™ ambreattachmentl (¥ CEEY |steralFacal
m lateralFacel o™ Dimensions configuration
™ |ateralFace2 o™ ( )
™ |ateralFace3 o™ X 50.0 mm
™ |ateralFace4 g ——
™ ambreAttachment2 () y 35 (el
 ambreBottomSupportC(_) (V] M50 oo
™ bottom o™ '
£ cardSBox oW thickness 0.0 mm /A
™ copperString [ 18
® SlaneComponent oY Units configuration :
® eqt{lvalentComponentch.@ ( ‘ ) . B Add a new shape
» © casing L 38 Length |mm v - P I
v B extremityl oV _ J sembly Type Cone
 internal oV . Box
 contour oV [HE . Name Cone
v B extremity2 (] - B Ellipsoid Height configuration
£ internal_1 oy ' Elliptical Cone | [ ) _
 contour_1 oW vy [67.0 mm v Elliptical Tube z 10 mm 2
YENeicands ey Import GDML file
™ cardlTube U™ Z 0.0
™ card2Tube 1 Orb Radius configuration
’ " f N
™ card3Tube oV Rotation | Paraboloid o o )
™ card4Box oV ) - ~ Sphere rMin1 0.0 mm rMax1 1.0 mm
£ card6Tube oW X 0.0 Tessellated solid BN e Py —
' Min2 0.0 mm rMax2 0.5 mm
v ™ deflector [ 1| , Tube z| }
™ deflectorEllipsoidl oY Y 0.0 radian E] ' -
™ cachelTube oV — rAngle configuration .
™ cache2Tube L 1| Z 00
g SsupportA % ' startphi 0.0 radian | geltaphi startphi
supportC )
. Qtusquuivalentl oy | cancel | [ Apply | delta phi 6.283185307179586 radian
™ TubeA [ |
™ TubeB U™ Units configuration
£ TubeC oV 5 - -
™ TubeD oV Length | mm Angle |radian E]
| Cancel || Addshape |
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S

- Edition
User-friendly

materials

Assignment

material editor

Duplicate user-defined materials
Import/Export materials from another .gdml file
Geant4 default Bee

File Tools Views Help

= | EDGE — Material properties edition

deD Gd d O

AlJH

q Geometry n Material Definition fﬂ Material Affectation

EmptyMaterial

Tank EmptyMaterial
RightGenerator EmptyMaterial
] LeftGenerator EmptyMaterial
® D VI W BackPlate EmptyMaterial
FrontPlate EmptyMaterial
BottomBidule EmptyMaterial
FrontLeftBidule EmptyMaterial
.
d Material editor - o :::
ial
ial
Name Water D 10 g/lcm3 ::,
ial
» Show optional properties ial
ial
Material type : [Composite of element |.!.] ‘:a:
13l
ial
r ~  fial
ial
Name Hydrogen Z 1 Atomvalue | gRyrgr g/mole ial
n 2 [ X_J
» Show optional properties
r N
Name Oxygen Z 8 Atomvalue 15.994 g/mole
n 1

» Show optional properties

© ONERA/Artenum, 2018

(TN oo oo
Name | Material [ el j [ pod | J[ | £ “ | “ ol J[ e J[ 2t J [-Model operations - E_]
World G4_Galactic
TankContainer EmptyMaterial
BottomTank EmptyMaterial

) ™

4

a
OLL.X

Material selection ™\

() Pre-defined materials ® Custom material

Aluminium l.!.l

Reproduction, communication and use is forbidden without prior written agreement




EDGE - 1/O capabilties
Import | _Export

/home/artenum/Robbie.gdml - Artenum EDGE [ExtendeD Gdml Editor]

File Tools Views Help

AR * Geometry [ Material Defintion ¢ Material Affectation
O shapes e -2
LIS S ) (@[] (=8]8 o=)( s 2] | - Model operations - v
Shape o
® UsbConnectorvertical2 [ 150
 UsbConnectorVertical3
| & wifiTranscver |
® wifiantenna -
™ GPs -
 BrainBattery L 1%
v ® SpeakerMount -
® SpeakerSupport U
® Speaker -
® EnginesBattery [ 1%
B Tont ower 1~ A
E m -:
Ho: -
Type Box a
Name WwifiTransciver
Dimensions configuration
x .0 mm
y 15.0 mm
2 120 mm
thickness 0.0 mm A\
Units configuration
-— - 1 Length | mm Q 2
Y x
Position - L
X 103.0

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



* Preliminary implementation (still under improvements)
» Currently macro-bodies geometric entities supported only
« Surfaces (plans) not supported yet
- Material definitions not supported yet
« Automatic creation of the GDML “world” Automatic world
- Generation of hiearachies

ALL SHAPES
c Start cell definition
O_

=

1

2 0 -2

3 0 -3

4 0 -4

5 0 -5

6 0 -6

7 0 -7

8 0 -8

9 0 -9

10 01234567829

c End cell definition

c Start macrobodies definition

1 BOX -35 -1 -1 200 020 002
2 RPP -32 -30 -1 1 -1 1

3 SPH -24 0 0 5

4 RCC -14 -5 0 0 10 0 4

5 REC -05 -5 0 010 0 0 0 4 2

6 REC +08 -5 0 0100 400 00 2
7 TRC +17 0 0 10 0 0O 4 2

8...
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« Checki

validit

n
4

EDGE - Extra tools and operations

Validate a GDML file

of the GDML file
XSD scheme)

 Overlaps detection

 Volumes and mass
computation

© ONERA/Artenum, 2018

Reproduction, communication

X

GDML version [3.1.3 }.l.] [ Reset to default J

GDML file \EDGE-2.1.0-win64b\data\RobbieTheRobot.gdml | Browse l

The file 'RobbieTheRobot.gdml’ is not a valid GDML file:
Line 36: cvc-datatype-valid.1.2.1: "1_solid" is not a valid value for NCName'.

[ Cancel J[-Ghasbﬂn-]

Check for overlaps
Checks the whole geometry to verify that elements do not overlap.
(] Consider "touching” shapes as overlapping.

1 . @ (B

The model does not contains overlapping shapes.

Close

Compute volume X

Computes the volume of the model

1 1.

Shape name 1 Volume (m3) | Mass (kag)
2.7100018006004806E-10 7.314294859820696E-7

Box
Sphere 1.1298916475268979E-10 1.6044461394881947E-7
Total 3.8398934481273785E-10 8.91874099930889E-7

Close

and use is forbidden without prior written agreement




Q
»

P CE
o> 12| SSAM Sector Shielding Analysis

Quick deposited dose computation

Pre-condition tool for Geant4 analysis:
« Sphere equation model
« Thickness of each materials from a point

= . = " . Sector Shielding Analysis X
o S 1 I e I d I n g O p t I m I S a t I O n Perform a Sector Shielding Analysis. NB: such analysis will only be consistent if the system does not contains overlaps.
Punctual source X -38 Y |9 Z 0.0 M
- - - Sub-divisions 36 for theta for phi Total emitted rays 100000
 Aluminium equivalent =
S8 | 3 L L s L !

Shape | Showin 3D J[ Plot | [ Export |

™ Geometry

thickness computation s

« Considering on material
densities

* On all directions

e Aluminium

Mean | Min | Min
2.4927E-3 2.0214E-3 5.887E-3

I

A
2.5124E-3 2.0137E-3 3.2108E-3
2.5511E-3 2.0406E-3 3.4988E-3 -
2.5707E-3 1.9817E-3 4,3597E-3
2.5719E-3 2.0304E-3 7.3982E-3
2.6285E-3 2.0054E-3 6.2588E-3
2.7553E-3 2.5298E-3 4.7022E-3
2.7773E-3 2,4947E-3 4.6621E-3
2.8251E-3 2,4559E-3 5.2674E-3
2.902E-3 2.5702E-3 5.5196E-3
3.0688E-3 2.4668E-3 7.2656E-3
3.1355E-3 2.5276E-3 7.3987E-3
3.6181E-3 1.8045E-3 6.2026E-3
3.6365E-3 1.946E-3 6.257E-3
3.8209E-3 1.9887E-3 6.1912E-3
3.8494E-3 2.1112E-3 6.4866E-3
3.8789E-3 2.039E-3 6.134E-3
3.8795E-3 2.157E-3 6.5328E-3
3.8863E-3 2.142E-3 6.2608E-3
3.934E-3 2.0332E-3 6.4835E-3
3.9669E-3 1.9835E-3 6.1566E-3
3.9725E-3 1.9727E-3 6.2446E-3
3.987E-3 2.0129E-3 6.6176E-3
4.0171E-3 2.6038E-3 7.6123E-3
4.0705E-3 2.017E-3 6.5294E-3
4.0758E-3 1.988E-3 5.7745E-3

4.0958E-3 2.0397E-3 7.4013E-3 "

Arannc A AnAnICE A

Close ’
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SSAM Sector Shielding Analysis
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* A concrete example

« ONERA’s project of plasma
characterisation cubesat

« Shielding optimisation
« Radiations analysis (dose)
« Internal charging analysis
« Surface charging analysis

» Sector shielding analysis
done with SAAM

» 3D printing done from GDML
model

With courtesy of ONERA-Dphy and J. — C. Mateo Velez
Photo (and beer) by Artenum
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SP CE
= | CAD processing with EDGE

Ambre experiment, with
courtesy of CNES

 Detessalation

24 shapes

© ONERA/Artenum, 2018 unication and use is forbidden without prior written agreement
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S

Mo@R/\

—— Modelling Of Radiations

* Faci
MOC

= Radiation transport analysis
itate the use of GRAS/GEANT4

els

* RiIC

n and user-friendly interface

3D direct Monte-Carlo

Easy simulation configuration:
- Sources definition;

« Accurate physics - Particles spectrum;
: - Events number...
« Deposited dose, . .
energy, charge... Geometry 3I? V|suaI|zat|onM
¢ Post-processina
« Fluence energy Saamn ————
REY RIS
spectrum J— S—
. - = m"'mmmwmi ﬁj Shape Stl»'uuﬂmial «anom-
* Fine scoring glll=== =
o " Source Angular distribution
[} ;’J&J type Cosnedow  |v)
 Guometrc support=pert shop. Beu= 00 (Radan v : Beu= 50
Differential flux VS LET - H particie - 100 im shielding - Comparison between Spenvis and MoORa .ﬁ‘:‘g}:{ﬁﬁ&% . e s21 022071 7030¢ e
- SIS peae
g < Medlereh T mf‘% o =[]
16407 -V - ;*6
g ‘,-.-"' ".,“L y-ma.-. -
o 1E08 uf — :E
% '4.‘!.!:” -I—‘ :%:"'“""'"“"“'“‘ = * 18€0
| — T e
é e T =

k:

© ONERA/Artenum, 2018
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Radiation transport analysis

GEANT4 macro files generation and edition

2/\ Sim ' itori
- o ulation launch and monitorin
~= J

o
—— Modelling Of Radiations ——
(
kernels
X - o MoORa: /home/artenum/Bureau/MoORA_Amandine/Test6.moora

File Tools Views Help

0 0|&

x

~
MoORa: /home/artenum/Bureau/MoORA_Amandine/Test5.moora

Integrates the ESA/GRAS kernel
Extensible / adaptable to all GEANT4 based

#File generated by Artenum MoORa [Medelling Of Radiations] - contact [at] artenur

File Tools Views Help

B A B

R Verbosity - A

/process/verbose 8
Jcontrol/verbose 8
Jtracking/verbose 1
Jevent/verbose 8

9  /runfverbose 8

11 # oeeeeeen Physics «-vvoeee-

®oN

13 # --- set cut ---

14  [gras/physics/setCuts 0.8081 mm

15  fgras/physics/list

16 fgras/physics/addPhysics em_lowenergy
17 fgras/physics/describe

®oNEER D [

18

19 # ---ve-- Primaries -------
20

21 #

22  #Source definition

23

#
24 [gps/pos/type Surface
25  [gps/pos/shape Sphere
26 fgps/posfradius 8.6 cm
27  [gps/pos/centre 6.8 6.8 6.8 cm
28 fgps/fang/type cos
29 fgpsfang/mintheta 6.8 rad
38 /gps/fang/maxtheta 98.8 deg
31 /gps/ang/minphi 8.8 rad
32 /gps/ang/maxphi 6.283185387179586 rad
33 /gps/particle e-
34 [gps/feneftype Arb
35  [fgps/hist/type arb

36 fgps/hist/point 8.3 78000080.0
37  /gps/hist/point 8.4 46000080.8
38  /gps/hist/point 6.6 3800000.0
39 /gps/hist/point 8.8 20600000.8
48 /gps/hist/point 1.1 1600600.0
41 /gps/hist/point 1.6 360000.8
42 /gps/hist/point 2.4 300000.0
43 /gps/hist/inter Log

a4

a5 #

46 #Normalisation

a7

#
48 /control/alias NORM_FACTOR_SPECTRUM "6700000.6"
49  /controlj/alias NORM_FACTOR_ANGULAR "3.141592653589793"

L BN oo
[nFo v ) Auto scroll|_@ Clear console |
|..| Date | Message
ZUIOJUAIL-L&0Zi07  TIOIEMTs: Ul pl-  SuUDType=3 2
2018/04/11-14:52:57 dE/dx and range tables from 100 eV to 1 TeVin 200 bins -
2018/04/11-14:52:57 Lambda tables from threshold to 1 TeV, 20 bins per decade, spline: 1
2018/04/11-14:52:57 ===== EM models for the G4Region DefaultRegionForTheWorld ======
2018/04/11-14:52:57 hBrem: Emin= 0eV Emax= 1Tev
2018/04/11-14:52:57 hPairProd: for pi- SubType= 4
2018/04/11-14:52:57 dE/dx and range tables from 100 eV to 1 TeVin 200 bins
2018/04/11-14:52:57 Lambda tables from threshold to 1 TeV, 20 bins per decade, spline: 1
2018/04/11-14:52:57 Sampling table 12x1001; from 1.11656 GeVto 1 TeV
2018/04/11-14:52:57 ===== EM models for the G4Region DefaultRegionForTheWorld ======
2018/04/11-14:52:57 hPairProd : Emin= 0eV Emax= 1 Tev
2018/04/11-14:53:19 [GRASRunActionStack::BeginOfRunAction] debug 1
2018/04/11-14:53:19 [GRASAnalysisManager::BeginOfRun] debug 1
2018/04/11-14:53:19 ¥kkkbbkkkkbbbbikkk
2018/04/11-14:53:19 *** AUTOSEED ON ***
2018/04/11-14:53:19 ¥kkkbbbkrkbbbbick
2018/04/11-14:53:19 Ranecu engine status --
2018/04/11-14:53:19 Initial seed (index) = 0
2018/04/11-14:53:19  Current couple of seeds = 820433, 126927
2018/04/11-14:53:19 -
2018/04/11-14:53:19 ### Histo will book 8 histograms
2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #0 doselayerl_dose
2018/04/11-14:53:19 ook] Booking GRAS histogram #1 doselayerl_total_dose_vs_primary_kine
2018/04/11-14:53:19 ook] Booking GRAS histogram #2 doselayer2_dose
2018/04/11-14:53:19 ::book] Booking GRAS histogram #3 doselayer2_total_dose_vs_primary_kine
2018/04/11-14:53:19 :book] Booking GRAS histogram #4 doselayer3_dose
2018/04/11-14:53:19 :book] Booking GRAS histogram #5 doselayer3_total_dose_vs_primary kine 9
2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #6 doselayer4 dose y
- =
| (® stop simulation ]
— 3147710000 l

NERA/Artenum,



— | Back on the challenges of complex

= | geometries importation

Strong temptation to directly import complex geometries
directly from other analysis via STEP-AP files

Needs reinforced in case of multi-physics approach

The B-Rep (e.g. STEP-AP) to CSG (GDML/G4) conversion can
generally done by tesselation only.

But may lead to:

* Over detailed and too costly models
 Models not adapted to radiations

« With lack of information (e.g. materials definitions)

Need of simplifications / adaption of model

unication and use is forbidden without prior written agreement
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- |1 | Detessalation

 From a “soup of triangle” try to identify canonical shapes
and a simpler CSG model

« STEP-AP importer plug-in in EDGE
« Support characterisation of most of GDML chapes

« Automatic detection for boxes and spheres

I

© ONERA/Artenum, 2018 unication and use is forbidden without prior written agreement



Tesseleted /| CSG / Detesselated

« Strongly impact the simulation cost

500 1 l 1 I 1 I I I I
- | G—© Full GDML >
»—x Tesselated, 100 faces
4) 400 — | -+ Tesselated, 432 faces —
{>— Tesselated, 1728 faces (4)
. | | \/~/ Detessaled Sphere N
o 3 -
E 300 (3) —
© § | : _
£ (2)
S
2. 200 — |
5| ’ (1
D
(2) 100 - 7 —
S / =
B ‘r/ —-—/ = .
| | I I I | I !
0
0 2e+05 4e+05 6e+05 8e+05 le+06
(1) Number of events

Done with geant4.10.03.p02
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o> ] Tesseleted / CSG / Detesselated

B Target mass by GEANT4 (kg)

 Impact the accuracy
of the simulations as
well

W Total average dose (per event) (rad)
3,75E-009

3,70E-009

3,65E-009

3,60E-009
3,55E-009

3,50E-009
3,45E-009

3,40E-009 -

3,35E-009

Done with geant4.10.03.p02
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A more realistic example

 Cubsat computer
board

. From STEP-AP

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement 22
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= | A more realistic example

[ v /home/juju/Boulot/Projects/GRAS/TestDetesselation/cardTesselatedCorrectedAndOrganised.gdml - Artenum EDGE [ExtendeD Gdml Editor] - o+ x|
File Tools Views Help

/§ J J H - Geometry‘ D Material Definition f]', Material Assignment = GDML File

( (] shapes

||, || R | % | | &

Shape

v # Box
™ Solid_211
™ Solid_64
™ Solid_162
™ Solid_290
™ Solid_172
™ Solid_287
™ Solid_224
 Solid_357

oo
IRy -e-sn-e:y | « Model operations « B

o)

L
=

>

-

0000800000
0 ERERREERERLY - |

i

( (] Properties

Type Tessellated solid
Tessellated properties

Facets count: 12

Position

X -41.5

Y -45.6 mm | v/

Z -11.799999999999999

Rotation

X 0.0

Y 0.0 radian |w

Z 0.0

Cancel Apply

Number of elements: 1 a Bounding box size: [X= 0.0010 ; Y= 0.0005; Z= 0.0004 | m; Centre [X= 0.0190; Y= -0.0325; Z= 0.0032 | m

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



oF Ok

> [l A more realistic example

Tesselated and simplified model

Detesselated model

ion and use is forbidden without prior written agreement
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o 1 | Examples and feedbacks

. Detessalation more r”:O;Lme )
efficient than
simplification 350
» Stuck particles PP
observed for 2500
tesselated model 2000
« Effets of triangle 1500
shapes

1000

« Shapes anysotropy 500

* Fine setting of G4 0
track step

Done with geant4.10.03.p02

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



Conclusion of CAD import

« Import realistic geometries possible with EDGE
« Simulation may remain costly

« Stuck particles remains an issue for improperly or too finely
meshed surfaces

 The quality of the meshing / Geant4 settings is critical
« Detesselation is a promising way to:
« Back closer to the geometry
« Optimise simulation cost (both CPU time and memory)

« Geometry simplication / adaption remain needed -> human
expertise will always be needed

© ONERA/Artenum, 2018 unication and use is forbidden without prior written agreement
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> 2] Internal Charging

- Example of multi physics approach

« Radiations / plasma analysis bridge

 Initial charges & doses rates via particle transport Monte-
Carlo codes (e.g MoOra/GRAS/GEANTA4)

» Evolutions of charges in dielectrics using 3D plasma codes

(e.g SPIS-IC)

« Require a 3D and dynamical approach

e Evaluation of rac

e Evaluation of rac

lations INnC

lations INnC

uces breakdown in dielectrics

uces current leakages

« An increasing risk for space devices

* e.g EOR mission

profiles

unication and use is
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> |1 | Internal Charging analysis

CAD Import and modelling EDGE
for radiations analysis

4

Radiation analysis EDGE / SAAM
SPIS initial dose rate / charges rate | 1y, 5/cRAS
Adaptation / computation GEANT4
edition of CAD ‘
model for - Thanks to
charging Scoring on unstrutured mesh | <— ESAICIRSOS
analysis ‘

Computation of chargies SPIS-IC
migration, internal E-field
Leakage current
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Internal charging analysis

Ambre experiment, with
courtesy of CNES
IEEE publication
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Internal charging

/home fartenum/Bureau/fakeTralningOnera/Iinput/SpacewireinBox_3Imm_1mmPX.gdml - Artenum EDGE [ExtendeD Gdml Editor]
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S OF | New Single Events
> 12 1 (SEE/SEU) modelling tool

SINGLE EVENT EFFECT - UPSET MODELLING

« Computation of SEU (Single Event Upset) cross section of
electronic devices

* Protons, heavy ions

* Various artificial environments (ground radiations testing
facilities) and isotropic fluxes (in-flight)

« Computation of in-site Software Events Rate (SER) taking into
account the whole spacecraft structure in 3D and its shielding

 Take into account a large spectrum of space environments from
various external tools (e.g. SPENVIS, OMERE, user defined...)
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> IE 1 An internal R&D initiative

 Artenum/ONERA Partnership

- Internal developments and R&D

- Support of the French Occitannie region and Europe

La Région
|| Ocatame
UNION EUROPEENNE

[Europe

o849

ONERA
RTENUM PAR|S /I'ou FRENCH AEROSPACE ‘AE"\

Science & Groupware

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



o=

1= | SEE-U: General overview

» Single Event Effect — Upset model
* Transport
 Collection
 Diffusion

« Sensibility cross section characterized with MoOra/GRAS/
GEANT4

* Include a preloaded large catalogue of technologies :
« CMOS (45-nm / 28nm / 20nm for the first release)
* FF (FinFet) 28nm in 2020

« Representative of most current embedded FPGA and/or SoC
SRAM based components

« Intensive SEE Experimental validations for heavy ions and
protons

unication and use is forbidden without prior written agreement



SEE-U: General overview

« Simple tool for an easy use in industrial context

* Friendly GUI

* Quite fast events rate computation

» Bridges with other SpaceSuite tools (MoOra, EDGE/SAAM)
« Multiplatform

« Help to the optimization of components positioning and
PCB design

« Support to radiation hardness assurance

© ONERA/Artenum, 2018 unication and use is forbidden without prior written agreement



S (O | Sensitivity cross section

5 |l | characterisation

« Sensibility cross section
characterized

* By direct Monte-Carlo

« MoOra/GRAS/GEANT4
chain

» Import of experimental data ;
(expected for December
2019) /
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- |1 | Technology design selection

. uld ,,,' S Helg
#I A

A (O Component settings N -
1| i

< Component type: [i‘-’re«:o'rhputed'compénents ,—v] Select the following pre-computed technology: B [ A . J

Topology

N
#x || Name of the component Artix70crDvalce
E Component

Sum

Component sze x= 10.0 milimetre

y= 10.0 millimetre ‘
X

z= 4.0 milimetre

. « Integration of the
single events model

B i  Transport
e Collection
« Diffusion

A K

P Next
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- |1 | Technology design selection

File Tools Views Help

HUA
Q ‘ (O Component settings — :’?
£9 || Component type: |Pre-computed components (¥| Select the following pre-computed techn ology | EJ —
X ‘—J
#< | Name of the component <17 Topology
B Component 5
um
W
Component size x= 10.0 millimetre
” y= 100 | milimetre |
o
g z= 40 millimetre x
Number of bit memory = 1
llll) (1]
5 " L}
7 | ] " im

P Next

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



oF Ok

- |1 | Technology design selection

File Tools Views Help

WU A

A | (0 Component settings -#n
B 3
T Component type: | Pre-computed components gj Select the following pre-computed technology: _'j A |
\»
#x || Name of the component 117 L
E] Component
<
- Component sge x= 10.0 millimetre
' y= 100 millimetre \l
: 2= 40 millimetre X
Number of bit memory = 1
L L ) in
5 L] L)
o " " i
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- 1] Sensibility cross section

File Tools Views Help

. +) ‘tJ A
o (0 Comporenstings ™ s
Y Component type:  Pre-computed components 3 Select the following pre-computed technology: L B u}
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6 2= 40 | millimetre E 0 10 20 30 40 50 60.
Number of bit memory = 1 o)
S O
£
3 1,E-09
g ¢ Exp. Data from Gadlage et
t al
3 A Exp. Data from J. Tonfat,
§ L. Artola et al
3 M SEE-U simulation
=
G LE11
LET (MeV.cm¥mg)
P Next
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Application of input spectrum

File Tools Views Help

1904
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In situ SER estimation

Intrinsic SEU sensitivity of the FPGA
estimations versus ground SEE tests

SEE-U versus SEE tests on 28-nm technology

e
B

=3 o 10 20 » 0 w " ~
s "
5 ) 4 A
5 }- ¢ Exp. Data from Gadlage et
A al
§ 110 4 Exp, Data from J, Tonfat,
2 5 L Artols et al
e B SEE-U simulation
2 TET
@ LET (MeV.cm¥/mg)

Mapping of

SER

SER (event/day) . .
= estimations

7
1235
1232
1230
1227
1225
222
1220

o - SER Worstcases on the side of the
calculation board
- Main contribution from heavy ions
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File Tools Views Help

1830&
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| « Model operations
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e

File Tools Views Help
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- 1= | Intensive validation campaign

- Intensive test campaign currently done at ONERA

» Characterisation already done for 45nm, 28nm et 20nm
technological nodes

« SEE-U / GEANT4 results fit very well with experimental
measurement done on ground

 Not yet part of the commercial offer
- Expected availability end 2019

- But already good feedbacks of several early/beta
users from the industry
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> 1] Conclusion

- Several examples of GEANT4 applications in the
SpaceSuite offer

» Rich CAD modelling with EDGE
» Radiations analysis with MoOra/GRAS/GEANT4
* Internal charging analysis with EDGE/MoOQOra/SPIS-IC

» Single Events analysis with SEE-U

- GEANT4 a very powerful basis

* Quid of improvement of support of meshed or B-Rep
based geometries in future GEANT4 versions
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