EN
REPUBLIQUE
FRANCAISE

Liberté
Egalité
Fraternité

ONERA

THE FRENCH AEROSPACE LAB

www.onera.fr



ER '\ ONERA

FRANCAISE = | , cnes o - - -
?g[’:;‘ié cz:_l TTTTTTTTTTT /

Fraternité pIETUDES SPATIALES THE FRENCH AEROSPACE LAB

ESD risks and effects on spacecraft
solar panels : Numerical tools and

simulations

Hess. S.L.G., Monnin L., Payan D., Sarrailh. P., Inguimbert V.,
Belhaj M., Murat G., Jarrige J.

Ce document est la propriété de 'ONERA. Il ne peut étre communiqué a des tiers et/ou reproduit sans l'autorisation préalable écrite de 'ONERA, et son contenu ne peut étre divulgué.
This document and the information contained herin is proprietary information of ONERA and shall not be disclosed or reproduced without the prior authorization of ONERA.



ESDs on solar panels

Spacecraft solar generators are subject to
differential charging by nature:

- several components
- several materials

- voltage and power generation

This differential charging may reach values
such as an electrostatic discharge occur

Questions:
- what is the exact ESD threshold?
- what are the parameters controling it?
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ESDs on solar panels

Surface charging by particle collection
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ESDs on solar panels

Surface charging by particle collection

Electric field builds up
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ESDs on solar panels

Surface charging by particle collection
Electric field builds up

Electron emission & recollection
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Verre
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Conducteur
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ESDs on solar panels

Surface charging by particle collection
Electric field builds up
Electron emission & recollection

Secondary electron emission
Charge increases
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ESDs on solar panels

Surface charging by particle collection
Electric field builds up
Electron emission & recollection

£ Secondary electron emission
Charge increases

Surface conduction _e

+++++++++++++

Electric field increases
Verre

Cascade: current increases
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ESDs on solar panels

Plasma creation

Verre

Surface charging by particle collection
Electric field builds up
Electron emission & recollection

Secondary electron emission
Charge increases

Electric field increases
Cascade: current increases
Temperature increases

Cathod spot + plasma creation
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ESDs on solar panels

Blow Off

(€)
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704

Surface charging by particle collection
Electric field builds up
Electron emission & recollection

Secondary electron emission
Charge increases

Electric field increases
Cascade: current increases
Temperature increases
Cathod spot + plasma creation

Conductor discharge (Blow-Off)
Dielectric neutralized (Flash-Over)
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ESDs on solar panels

Surface charging by particle collection]

Electric field builds up
Electron emission & recollection

Secondary electron emission
Charge increases

This talk

Electric field increases

Ly /\/\/\% I Cascade: current increases

Verre Temperature increases

'_'"_"Z"Z"_'"_'"_"'_"Z”Z”Z”_’”_”_’””””‘ === Cathod spot + plasma creation

////////

Conductor discharge (Blow-Off)
Dielectric neutralized (Flash-Over)

Next talk

Conducting path: secondary arc
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SPIS-ESD and further developements

File Views Tools Help Developer

Q'JJH A

Slow charging (minutes) by current balance
Rapid discharge (down to nanosecond)

Circuit solver includes a current predictor to
handle the time step variation over 10
decades

Predictor is non-local (depends on the
difference between the tip and the cover
glass)

Correct charging dynamics requires exact
capacitance calculation for each element

Analytical solution for some geometry only
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SPIS-ESD and further developements

Correct charging dynamics requires exact capacitance calculation for each element

meshed

Analytical solution for some geometry only!

cover glass e

metal

Need to mesh in volume and solve the charging through Poisson computation.
Implemented in experimental SPIS plugin.

_—_ 3.00e+0T0

Potential . Charge density
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Voltage Threshold: dependance on parameters

 When does ESDs occur: what is the voltage threshold?

« ESDs are the result of the growth of the electrostatic charge due to the

combination of :
— The electric field induced electron emission (Fowler-Norheim)

Increase with dielectric potential U
Decreases with distance (~dielectric thickness) A
Decreases with metal work function Qv

— The current balance on dielectric
Increases with secondary emission on the dielectric Y4

Decreases with the surface conduction o
B2U? BAdy '\  Uoy
AYeff — S eXp\| — >
Py A? pU A?

» Experimental testing & SPIS-ESD simulations
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Voltage Threshold: dependance on parameters  (SPIS-ESD - 2010)

Experimental + numerical A
test campaign s | | Reference case Gold-Teflon 127 mm
Aluminum-Teflon 127 um 3 mm Gap
_ 3 mm Gap Irradiated Gap
Tested material parameters , | | Iradiated Gap
metal work function <
dielectric conductivity  § //
53] 40mm
. : ~100V (but dispersion) < >
Tested geometry impact S = |2
. o ¢
gap size 2 ~100V
dielectric edge .
lightin 11
J J ==—==1 Experimental results
o—e NUMerical results
0 T T T
500 1000 1500 2000 2500
Work function effect: Differential voltage (V)

Need more potential to extract electrons from material
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Voltage Threshold: dependance on parameters  (SPIS-ESD - 2010)

6
Experimental + numerical glumingm-CMx 100 pm
. mm Gap

test campaign 5 Irradiated Gap

Tested material parameters Reference case
tal k function 4 4| Aluminum-Teflon 127 pm SERnE RS
metal wor = 3 mm Gap - CMX-AR o_ = 5x1015 Q2
dielectric conductivity Iradiated Gap

CMX-ARc_=10"6Q ST AT N

. CMX-AR 6_=26%10Q / //
Tested geometry impact iy / \Nmm /
g B . & ’ .
gap size 21 il / = }i;”

Peak current (A)
(F8]

. | 5

-

dielectric edge
lighting

’_aTeﬂon o =100

Experimental results

o—e Numerical results
0 3

Ly T

500 1000 1500 2000 2500
Differential voltage threshold (V)

Surface conductivity effect:

Need more potential to increase the Fowler-Nordheim current and counter balance the
conductivity.
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Voltage Threshold: dependance on secondary emission?

« How do the ESD threshold depend on secondary emission?
— Not tested in the SPIS-ESD activity

« CNES-ONERA study: tested the impact of contamination and ageing on
ESD threshold (experimental + numerical)

— Secondary emission properties and surface conductivity measured for samples
— Too much variability in the sample batch to analyse experimental data

— SPIS results:
Sample Emax Yo  SurfaceResistivity
(eV) (Q.m) Events
Pristine 200 2.4 5.10" Fusion : 1000V
ESD : 1166V (x2), 1500V (x3)
Eroded 1h30 280 1.95 5.10 Fusion ; 2466V
ESD : 2866V
Eroded 3h 350 1.8 5.10™ ESD : 2300V, 3500V
Contaminated 350 2.4 2.10* Fusion : 3100V
ESD : 3100V

— Clear surface conductivity effect. What about secondary emission?
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Voltage Threshold: dependance on secondary emission!

« New CNES — ONERA activity

o Parametric study ~50 SPIS-ESD simulations to test impact ad coupling of
surface conductivty and secondary emission parameters.

* No strong SEEE/conductivity coupling: can be decoupled in the models

» Voltage threshold decreases with increasing yield (makes sense!)

1200

2
o

o
8

Voltage threshold
P ()]
8 8
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Voltage Threshold: dependance on secondary emission!

« New CNES — ONERA activity

o Parametric study ~50 SPIS-ESD simulations to test impact ad coupling of
surface conductivty and secondary emission parameters.

* No strong SEEE/conductivity coupling: can be decoupled in the models
» Voltage threshold decreases with increasing yield (makes sense!)

* Non-linear dependance on peak incident energy!

— Minimum threshold near 200eV 1050 -
— Physics to be investigated 1000 -
950
-900
©
5850
o
=800
()
&750
=)
>700 -
650
100 200 Emax 300 500
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Voltage Threshold: dependance on secondary emission!

« New CNES — ONERA activity

o Parametric study ~50 SPIS-ESD simulations to test impact ad coupling of
surafce conductivty and secondary emission parameters.

* No strong SEEE/conductivity coupling: can be decoupled in the models
» Voltage threshold decreases with increasing yield (makes sense!)

* Non-linear dependance on peak incident energy!
ESD Voltage Threshold

— Minimum threshold near 200eV p— E B
— Physics to be investigated

Voltage [V]

* Implemented in an empirical model.

ughness (Ampl. factor)

Ro!
[= interconnect to cover glass - Cell to cover glass]
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Voltage Threshold: Effect of geometry...

The initial SPIS-ESD study showed effect
of the geometry (ligth angle, dielectric shape, gap size...)

6 -
To be investigated in detail_using the znzgln;ﬁi _—
SPIS-ESD / SPIS-IC coupling i [ [ —
e o Change of incidence angle
+ Gold
Result for the SPINE 2022... x Co planar (5nF)

Peak current, A
o

0 500 1000 1500 2000 2500
Differential voltage threshold, V
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SoCCER tool: Solar Cells Charging and Electrostatic Risks

Empirical threshold model embedded in an ONERA software dedicated to modelling
of solar generators and cells
m— Engineering oriented:

’:‘-M\'\. E— I3
= o Light-weight graphical interface
= =45 r / : / Limited number of parameters (simplified geometry)
L s Simple models to investigate one phenomenon at a time
pl'—-"“{‘ e —a— — — H L‘:::,i..,,,..ﬁf%m E;:T: ESD Threshold voltage
_az'—ﬁg%? -
= o e Modular: models can be added as plugins
= L5 © HiVES: Current collection by High-Voltage Elements
— COMET: CNES-ONERA Model of ESD Threshold
=-_ & - FOEBUS: Flash-Over Bubble Simulator
ChaMISEn/SPASE module for material & environment databases
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ESDs effect: Blow -Off and Flash-Over

ESD prevention is only a part of risk mitigation on solar generators

The cathode spot and plasma generated by the ESD couple with the solar panel

(“File | s/C | Material | Environment | Models |
3= ‘ I & $
— Blow-off L B B & S

FOEBUS: Flash-Over Bubble Simulator

Duration |1_07_‘ ms
Time step I —
ESD String number e ] ﬁ“ il
g FIaSh'Over ESD Cell number a2 1] L=

i
£so orig CT— 4

e-temperature focus : ev
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v | -1
Cell potential :\l
—> ArCS P default j Current density
SEScheeft s hens oo [=JPF 1 3 -
Max current A 1.0 log[A/m?2] 2.0
Time: —w—————— |
Next talk! [ stam ]
H
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Ya7s
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< @
) 2125
o 1,25 £
£1.00 8 100
5 =
U 075 2. 7.5
0.50 .E 5.0
=
0.25 g 25
<]
0,00 /3 - ,, — S ,, -
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#- Flash Over current -e- Blow Off current -+ Cell Collection current -w Plasma potential -e- Plasma temperature
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Conclusion

A semi-empirical model has been established

Impossible to set the model with experiments
- too much variability
- not enough control on parameters

Model parameters determined by a parameteric
study with SPIS-ESD (>50 runs)

Effects of work function and surface conductivity
as expected.

Effect of the secondary emission yield relatively
straightforward

Non linear dependence on the peak energy.

Geometrical effects under investigation.
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