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I” lectrostatic research in 5upclcc

» A diversified experience on material
characterization and electrostatics

= Material characterization for HV engineering

= Tribocharging in automobile industry (seats,
airbags, gasoline)

= electrets for medecine

= Charge buildup and decay for space coatings
(collaboration with CNES and ONERA)
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Researchin [ lectrostatics

» An important industrial issue
» However research scattered
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® . .most /ocolo/c do not even think about

clectrostatics unfess t/n*:y have a prob/cm 2
» December 1969

Fl’liliPPc Molini¢, « A‘-reviﬁ. hanisms and models ... »,
Mactra (2) at Durban after the explosion. ( Photo by Henry van den Heever




Researchin [ lectrostatics

» An important industrial issue
» However research scattered

» Very few laboratories with Electrostatics
In their names

» Structured networks : ESA, ESDA, IEJ,
SEG I0OP, EWP SEI(EFCE), SFE...

» Spacecraft charging issues should be
more present in them!

Flﬂilippe Molini¢, « A review of mechanisms and models ... », SCTC Conferen




« Charging N space environment has
Particular{:eaturcs... »
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What ha{f)l:)cns in an insulator

atrter charging ?

» Several tools :
= Current and charge measurements
= Charge mapping techniques (LIPP, PEA, etc.)
= Surface potential decay measurements




A classical cxPcrimcnt

A. Charge B. Measurement
Q 1

(Von Berlepsch 1989)
(leda 1967)
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Modc”ing

» Input : V(1)
» What can we do with that ?

» Here : not a particular
model but review of the main

types

» Based on more than 250
papers gathered and studied
In Supelec since 1980



Surface Potential dccag models :

where are thcg coming from 7

» Electrical engineering
-> mastering space charge

(leda, 1967)
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Surface Potential dccag models :

where are thcg coming from 7

Jan. 14, 1964 G. M. SESSLER ETAL 3,118,022

-> removing conductivity
-> enhancing trapping

M. SESSLER
E. WEST

INVENTORS j-
v
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Surface Potential dccag models :

where are thcg coming from 7

C. F. CARLSON

» Electrophotography o
(copiers, laser printers) [SEny ’

-> mastering charge
transport

-> mastering
photoconductivity

INVENTOR

B
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Modc"ing

» 1D problem

» Boundary condition :
E=0 outside




Modc”ing

» Poisson equation

e =2

&y

» Continuity equation

op

» Calculation of V : d
V, = —[ Edx
0
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FPossible causes of the SIPD

oD _
» Dipolar Polarisation / relaxatlon

—<

» Charge Injection

SCTC G




R elaxation - dipolar Polarization

» Linear model (transfer function)

EW =] D). (t-r)dr

D(t) =2, E(e)gy (t-7)de time (5

» DP can be deduced:

dv(t) 1dE  Lg, d g L,
== T | 4 (0)dO=— t
dt L dt & dtIo¢E( ) & 7e )
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R elaxation - dipolar Polarization

log(dV/dt) (v: Volts, t: scconds)

0.5 1.0 15 20 25 30 35 40
log(t) (t:scconds)

Molinié 1995 (epoxy)

Fl’xihppe Molini¢, « A review of mechanisms and models ... », SCTC Conference, Al




Chargc injcction

Sessler 1999

12.7am FEP, 10keV charged
annealing at 120°C for
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« | lectrostatic » models

» Mobility 2

=> dV/dt constant for t<transit time

 log (dV/dt)

\
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lntroclucing traPPing

(Dlssado Fothergill)

Enﬂ.id‘deﬂ

=> dispersive transport
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DctraPPing controlled dccag

» demarcation energy models

W&gn [=] UD%
EU E’:bh EQ% fﬁ:
E:D'junﬂ v

o

(Dissado, Fothergill)
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Internal conduction

» Homogeneous conduction models

Charge screening

25nm Pl, 20keV charged Sessler 1999

annealing at 120°C for
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Internal conduction

» Homogeneous conduction models

op . . do o _
= 1+ divj =0 ——=——
praill i, Charge screening

» Carrier generation and recombination

» Radiation-induced conductivity

SCTC Conference :
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Stimulated relaxation by
400 keV electrons

bl

tion to Tcﬂon FEFP

lica

PP

L
RS
E
=)
O
o
-
QO
3
Q.
V)
-1
-
(©

De I'espace pour la Terre
F]vihppe Molini¢, « A review of mechanisms and models ... »
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R adiation-induced conductivitg

» A difficult dynamical problem

= Trapping profile and polarization will depend
on time (as any SPD experiment)

= + Introducing a charge carrier generation
parameter also depending on time (beam
on/off) and space (absorption)

SCTC Conference :




5ummar9

» The behavior of insulator is complex !

= ... cannot be described by a single figure as
« resistivity »

» Difficulty to interpret surface potential decay
experiments

= ... because of many possible mechanisms
» multiple experiments to be performed
» appropriate plot for the data
» complementary techniques to be coupled (LIPP, PEA...)
» MORE INFORMATION ON MY DETAILED PAPER*
*except on space cats research, which is classified
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