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1. INTRODUCTION 

 PROBLEMATIC: a) Prevent electrical discharges  Solar arrays degradations 

 

                   b) Electromagnetic disturbances 

 

                   c) Analyze charging behaviors (Teflon® FEP & Kapton® HN) 

 

     d) Understand charge transport under representative irradiation 

         conditions  
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1. INTRODUCTION 

 CIRCUIT MODEL (0D physical & numerical model): 

PACAUD Rémi – Remi.Pacaud@onera.fr 

-RC circuit = dielectrics (Teflon & Kapton) 

-R & C are constant throughout the material 

 R: conductivity/charge transport 

 C: charge accumulation/electron implantation 

• RC circuit: 

• Limitations: dimensionless: 

 Generation rate of electron-hole pairs depth-independent 

 Unable to work with multi-energetic spectra 

 Interfaces phenomena neglected : SEEY… 

 Conduction/diffusion currents neglected 

1D MODEL 
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2. 1D MODEL 

 PHYSICAL MODEL: 

 

• 1/Generation of free electron-hole pairs (ionization) 

     2/Electron implantation 

     3/Trapping, de-trapping and recombination processes 

    4/Electric field  conduction and diffusion currents 

 

• Charge densities: depth-dependent 

 

• Interfaces phenomena 

+ 
+ 

- 
- 
- 

Low energy beam High energy beam 

Implantation 

- 
+ 
+ 

- + 

Vacuum 

Polymer 

Metal + - 
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Electron trap 

Hole trap 
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2. 1D MODEL 

• Evolution equation of charge densities 

 -Free electrons 

 -Free holes 

 -Trapped electrons 

 -Trapped holes 

FUNCTION OF 

• Generation rate of electron-hole pairs 

• Electron implantation 

• Diffusion current 

• Conduction current 

• Trapping processes 

• De-trapping processes 

• Recombination processes 
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 CHARGE TRANSPORT EQUATIONS: 

ῳὠὼ
”ὼ


 Poisson equation   
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3. EXPERIMENTAL VALIDATION 

• SIRENE standard spectrum: 

 Geostationary charging conditions 

 

 

 

 

 

 

• Surface potential measurements : Kelvin probe 

 

 

 

 

 

 

• Charge densities measurements 

Pulsed-Electroacoustic method 
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4. RESULTS 

 INTERNAL CHARGING (Experimental data): 
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Teflon® FEP 

20 keV 125 keV 145 keV 
165 keV 

Vacuum 

Vacuum 

Vacuum 
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4. RESULTS 
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20 keV 

x (µm) 

Charge barycenter displacement 

 INTERNAL CHARGING: 

Non-irradiated 

zone 

Vacuum 

125 keV 

145 keV 

165 keV 

Hole conduction 

current 

Vacuum 
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4. RESULTS 

 INTERNAL CHARGING: 
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Vacuum Sample 

Irradiation direction 

145 keV 

”

ὸ
 (C.cm-3.s-1) 

Material thickness (µm) 
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4. RESULTS 

 INTERNAL CHARGING (1D model & Experimental data): 

1D model 

Experimental data 

Good agreement between numerical results and experimental data 
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4. RESULTS 

 SURFACE CHARGING (Experimental data): 

127 µm sample of Teflon FEP 

 [20 keV – 250 pA/cm²] + [400 keV – 50 pA/cm²] 

 

Irradiation time (seconds) 

Surface potential (V) 

First irradiation 

Second irradiation – 1 week relaxation 

Second irradiation – 3 hours relaxation 

PHASE 1: electron implantation 

 

PHASE 2: free holes drifting from 

the bulk to the surface 

 

PHASE 3: recombination 

processes being dominant 
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4. RESULTS 

Free holes & Recombination processes strongly affect charge 

transport 

 SURFACE CHARGING (Experimental data): 
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1 hour relaxation 

12 hours relaxation 

1 week relaxation 

Number of free holes (cm-3) 

Material thickness (µm) 
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4. RESULTS 

 SURFACE CHARGING (1D Model & Experimental data): 

127 µm sample of Teflon FEP 

 [20 keV – 250 pA/cm²] + [400 keV – 50 pA/cm²] 

 

1D model Experimental data 

Irradiation time (seconds) 
Irradiation time (seconds) 

Surface potentials (V) 
Surface potentials (V) 
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4. RESULTS 
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Phase 1: 

-Fast trapping of electrons and holes 

 

-Fast increase of surface potential 

Phase 2: 

-Traps are filled with electrons and 

holes 

 

-De-trapping rate increases  holes 

can migrate to the surface 

 GEOSTATIONARY SPECTRUM (Kapton HN) 

 Multi-energetic spectrum 
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4. RESULTS 

 GEOSTATIONARY SPECTRUM (Kapton HN) 

 Multi-energetic spectrum 

Number of free holes (cm-3) 

Material thickness (µm) 

Vacuum Sample Metal 

Irradiation 

direction 

40 minutes 3,5 hours 

7 hours 
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5. OUTLOOKS 

 Generation and electron implantation depth-dependent 

 Interfaces phenomena: SEE 

 Spectra temporal-dependent:charging effects 

 Good agreements between 1D model simulations and experimental data 

 Good description of charge transport/charging behavior in polymers 

 Simulation run fast (5 to 10 mn for a 10 hours experiment) 

  Improve our physical description of  charge transport 

  Run more experiments and simulations to fully validate the model 

  Try to improve the extracting method for intrinsic polymers parameters 

  

• OVERALL REVIEW 

• OUTLOOKS 
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, 

Thank you for your attention 
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