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ABSTRACT

Dedicated experimental facilities have been dewedop
at ONERA and CNES (Toulouse, France) for the
electrical qualification of space used materiald #me
extraction of the different physical parametereste
their charging behaviour under electron irradiation
These facilities allow working in a large energyga
between few eV up to several MeV, a large tempegatu
range (down to -150°C and up to 600°C depending on
the facility) and at high vacuum level. This papéns

at presenting the technical characteristics of ehes
different facilities.

1. INTRODUCTION

Spacecrafts and their component materials are stduimi

in planetary magnetosphere to high particle raiati
flux and extreme environment that could lead to
important and hazardous electrical charging levEfe
need for assessing external and internal chargingld
and predict any risk of electrostatic dischargettethe
development of several codes for the simulation of
space plasma / spacecraft interaction. Experimental
characterisation is moreover necessary for space
material qualification, which implies the
characterization of their charging behaviour thtoug
ground experimental tests under representativereftec
irradiation spectrum. For numerical prediction, ist
important as well to extract the different key phgb
parameters steering charge process, such as iotaimd
radiation induced conductivity (surface and bulk),
permittivity, secondary electron emission (yielddan
emission spectra). Dedicated experimental faclitad
protocols have therefore been developed at ONERIA an
CNES (Toulouse, France) for these different tasks.
These facilities allow working in a large energyga
between few eV up to several MeV, a large tempegatu
range (down to -150°C and up to 600°C depending on
the facility) and at high vacuum level. This papéns

at presenting the technical characteristics of our
different relevant facilities. These different fi@s
allow qualification of space used materials (cornadrts;
insulators, semi-conductors) and the extractiorthef
different physical parameters steering their chaygi
behaviour under electron irradiation.

For thorough assessment of bulk intrinsic conditgtiv
and the analysis of ionisation and ageing recovery
effects, it is also of high importance to store the

irradiated materials for a long period of time. rage
has to be performed under high vacuum level without
any vacuum break-up during the sample transfer to
avoid any possible recovery at atmospheric pressure
Dedicated transfer unit and storage facility haleo a
been developed for the above purpose.

2. THE SIRENE EXPERIMENTAL FACILITY

The irradiation test facility SIRENE (Fig. 1), fued by
CNES and installed at ONERA (Toulouse, France)
allows charge characterization under GEO-like etect
irradiation spectrum. Fig. 2 presents the electrseam
spectral characteristics of the SIRENE facility hwén
energy spectrum (Kp>5) approaching that of the
geostationary charging environment.

SIRENE electron spectrum ([20keV, 250pAfgm [O-
400keV, 50pA/crfl) experimental simulation is
achieved with the use of two monoenergetic electron
beams. In order to get a spacelike electron behe, t
400keV electron beam, passing through complex
diffusion foils, is dispersed in energy from 0 to
400keV. The nominal fluxes used for the 20 keV
monoenergetic beam and the distributed 400 keV one
are respectively equal 250 pA/eand 50 pA/crh but
can be raised respectively up to 1 nAfcend 200
pAlc?. A pumping system allows experiments at
vacuum of around 1D mbar. The temperature of the
sample holder can be controlled in the range 002C8

to 250°C allowing to reproduce the temperature
variation of materials on flight. The evolution of
charging potential, during and after beam cut-o# a
monitored using a non-contact electrostatic probe
(Kelvin probe TREK 3455ET) coupled with an
electrostatic voltmeter (TREK 341B).
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Figure 2 : SIRENE standard spectrum and reference

KP>5 spectrum

This facility allows realistic assessment of poignt
built up in space orbit. Its flexibility allows the
simulation of extreme environments different thae t
geostationary one (eg, MEO, LEO or other planetary
radiation environments). This facility is widelyatsas
well for the characterisation of radiation induced
conductivities of space materials in vacuum thatiks
the use of a penetrating 400 keV electron beam twhic
stimulates the potential decay during the relaxatio
phase without inducing any bulk charging. Usings thi
high energy electron beam and a high incoming éinx
the sample (up to 5 nA.cfjy we are able as well to
perform radiative ageing on the material. Space
materials, such as polymers (Kapton, Teflon, PEEK,
ETFE, PEI, ...), adhesives or coverglasses, cam e
aged in SIRENE with equivalent flight durations aku
to several months or years. Thanks to these differe
experimental specifications (bulk conductivity aRtC
characterisation, temperature effect) and its spect
flexibility, the SIRENE experimental facility is gily
relevant for space material qualification and eocttcan

of physical key parameters for charging prediction.

500

3. THE GEODUR IRRADIATION FACILITY

GEODUR is a radiation test facility allowing theudy

of satellite internal and surface charging, evabumabf
RIC of thick materials and sample radiative ageing
using 400 keV to 2.5 MeV monoenergetic electrohs. |
is equipped with a 2.5 MeV Van de Graaff electron
accelerator and a double scattering system for the
production of a distributed electron spectrum i th
energy range [200 keV — 1 MeV]. It is instrumented
with a contact-less electrostatic probe and current
measurement systems for the characterisation efriat
charging behaviour of space elements. The temperatu
of the sample holder can be controlled in the rajpge
180 °C, +250 °C] allowing to reproduce the tempaeat
variations of materials on flight. A pumping system
allows experiments at vacuum of around®1BPa.
Transfer of charged samples from GEODUR to the
storage facility SPIDER (or to SIRENE, DEESSE or
SEMIRAMIS facilities) can be performed under
vacuum with the STRASS unit transfer (see sectjon 6

-~

Figure 3 : View of the GEODUR facility

THE SPIDER STORAGE FACILITY

The SPIDER experimental test facility enables stpri
irradiated dielectric materials under vacuum (U3
hPa) for a long period of time (up to several mehtio
study relaxation physical processes of these nadderi
through various in-situ, controlled and automatic
measurements (surface potential with Kelvin probe,
leakage and displacement currents, Non-contace®uls
Electro-acoustic Method [PEA]). This facility care b
coupled with a new existing transfer unit STRASS
(System for Transfer from SIRENE to SPIDER) that
enables displacing, under vacuum, dielectrics iated
samples from one test facility to an other one aith
any vacuum break-up (that would lead to sample
discharging or annealing of radiation effect). Wan ¢
then measure conductivities as low ag’1Q™*.m™. This
test facility enables as well studying evolution of
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delayed radiation induced conductivity or photo-
conductivity for a long period of time or the reddion

of physical ageing process (for instance, through t
adjustment of relaxation time between two successiv
irradiation steps).

3

relaxation processes and charge transport in diigc
materials. We are then able assessing bulk andcsurf
intrinsic conductivity with high precision using eth
potential decay method. The facility is equippethva
Kelvin potential probe installed on a motorized fzon
allowing scanning all samples placed on each sample

The measurement method is based on the analysis of support. Each sample holder is placed in fronthef t

surface potential relaxation after irradiation stiatvn.
Through the potential relaxation kinetics, we drent
able to extract a bulk conductivity value. Howevier,
high resistive material, the intrinsic relaxatianetics is
not steered, during the first minutes or hoursthgysole
effect of bulk conductivity. Polarisation, surface
induced conduction and relaxation electron emisgidn
process can take place and rule at great level the
relaxation kinetics, leading then to a high valae the
apparent conductivity and to a temporal decreashisf
effective parameter that are not realistic [2]. The
intrinsic conductivity assessed at the beginning of
relaxation of Teflon® FEP sample is then equal@3°1
Q*.m™. This value is far too high and not realistic in
comparison with the value provided in the handbooks
(10*° Q*.m%). This relaxation method is however an
optimized method to extract real conductivity bhe t
condition for high resistive materials is to staad
monitor relaxation of these materials under vacdom

a long time to get rid off the processes rulingixation
during its first few hours. For polymer materiathe
time for bulk conductivity to prevail over the othe

processes can reach several days or weeks. The

motivation for developing the SPIDER facility was
therefore to be able to store the samples that hage
irradiated in SIRENE to be able to extract accurate
values of bulk conductivities. The second motivatio
was to equip this facility with different analytic
equipment (potential and current measurements, non-
contact PEA) so as to be able to study charge goahs

in the material and understand, through crosselysisa

in SIRENE and SPIDER, the physical mechanisms
steering the different processes underlying chagrgimd
relaxation electrical behaviour.

SPIDER facility (Fig. 4) enables to store underwan
(10° hPa) at room temperature dielectrics samples
previously irradiated in SIRENE. It is a cylindrica
vessel with 260 litres volume capacity equippedhwit
rotative and motorized cylindrical support caseeatol
receive up to 12 sample holders (which can intériac
the cylindrical case). SPIDER is equipped with tvigh
vacuum system unit (each unit is composed of agsm
vacuum pump coupled to a turbo-molecular pump) to
allow redundancy and avoid then any vacuum break-up
in case of failure of one pumping unit. Each purgpin
system is equipped with pneumatic vacuum valve and
automatic start-up system to switch off automalycal
the failed pumping system and start up simultangous
the second pumping system. Irradiated sampleshean t
be stored for several months or years to studyghaege

potential probe by automatic motorized rotationthu#
cylindrical support case: all samples placed inDHR

can be scanned automatically with defined scanning
frequency thanks to the controlled displacementhef
cylindrical case and the potential probe. Controthe
different translation and rotation movements within
SPIDER and potential measurements are performed
with a Labview program installed in a dedicated PC.
The potential measurement data are stored and
classified automatically in the computer for eagmple

and scan. Two different sample holders are availabl
one conventional sample holder on which planar
samples can be fixed and one PEA sample holder on
which it is possible to connect two PEA (Pulse
ElectroAcoustic) measuring heads for non-contach PE
measurements. SPIDER is therefore equipped with a
PEA exciting non-contact electrode that can bequaat

few millimeters (the distance is controlled withogo
precision) from both samples placed on both PEA
heads. Both types of sample holder are equipp#tbat
back with 12 pins sub-D connectors to perform elect
current measurements or any other electric operatio

Figure 4 : SPIDER facility and its transfer unit BASS
installed on top.

The Kelvin potential probe as well as the excitRigA
electrode are placed on dedicated vacuum lock {(edup
with manual vacuum valve) to allow changing or
repairing these measurement systems (in caselofefai
or damage) without any vacuum break-up within
SPIDER.
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The major equipment used for the evaluation of bulk
intrinsic and delayed radiation induced conducfivé
the Kelvin potential probe. Kelvin probes used in | %%
SIRENE, GEODUR and SPIDER are +/- 20 kV : '
potential probe (reference: TREK 3455ET) connetbed

a Trek electrostatic voltmeter (reference: TREKB§1
This measuring system has a sensitivity of 1 \ateral
resolution equal to around 10 mm when the sample /
probe distance is equal to 8 mm. Measured potsrdaml

a function of probe location on samples is contall
and recorded on dedicated PCs. All surface potentia
measuring system have been calibrated with referenc
potential source (standard 1SO 9001 reference
instrument calibrated by external reference congsni
available at the DESP/ONERA metrology laboratory. e '
Surface potential measurements could be coupled to Figure 5 : SEMIRAMIS facility
leakage and displacement electric measurements for

redundancy on the evaluation of charge diffusion " , -
kinetics during the relaxation phase. Electric entr The SEMIRAMIS facility main characteristics are

measurements are usually performed with pico- Cl€anliness (very low organic residual partial press
ammeters or with current voltage converters designe 1 vacuum) and reliability (vacuum keeping of saespl
ONERA and coupled with multimeters. These electric Or several months). The cleanliness is achievedhby
current measurement systems have been calibrated YS€ Of stainless steel, a majority of metallic sead the
using current calibrated source (standard 1SO 9001 €Xclusive use of cryogenic pumping units which are
reference instrument calibrated by external refegen  €duipped with a gate valve. The reliability is e@sed

companies) available at the DESP/ONERA metrology PY the implementation of each function in a differe
laboratory. vacuum chamber separated by its own gate valve and

redundant pumping units with an associated gateeval
which is automatically closed upon failure.

5. THE SEMIRAMIS irradiation facility )

The proton and electron beams are supplied by x5 a
The SEMIRAMIS facility is used to reproduce 2.7 MeV Van de Graaff accelerators respectivelye Th
combined space environment composed of UV, protons are obtained from pure hydrogen plasma and
electrons, protons. It is used to age samples under separated from the other charged species by a riagne
electrons, protons and UV radiation and to measure  mass analysis after acceleration. In order to iatacthe

situ spectral reflectance on optical and thermeeapt ~ samples, the protons are swept across the samidlerho
materials. The STRASS unit transfer can be condecte surface. In the case of the electrons, the bealiffised

to SEMIRAMIS to perform ageing in SEMIRAMIS and  through a thin aluminium window.

then transfer the aged samples under vacuum for The solar UV generator is based on a short arc Xeno
charging and electric characterisation in othericktdd 6500 W source with UV spectral distribution close t
facilities. sun. The source emission is filtered to rejectvisible

Its most important capability is to permit in-situ  and infrared light above 400 nm to reproduce ohly t
measurements under vacuum avoiding the quick and sun UV outer the atmosphere emission. Multiple rsola

important bleaching effects that frequently occumew constants calculated in the range 200-380 nm are
irradiated materials are exposed to air. Furtheentbe applied over the sample holder surface (typicaltp B
effects of the initial air to vacuum and final vaou to suns).

air transitions can be studied for every test.
6. The STRASS unit transfer

The STRASS unit facility has been developed to @voi
any discharging and recovery effect between chgrgin
or ageing and electric characterisation from omdifia

to the other. For this purpose, it was then imptrta
avoid any vacuum break-up for the transfer of saspl
from one facility to the other. This facility enakl to
move irradiated samples between five differentlities
(SIRENE, SPIDER, GEODUR, SEMIRAMIS,
DEESSE). It is a cylindrical vessel with 13 liters
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volume capacity equipped with a mobile secondary
vacuum pumping system (primary vane pump coupled
to a turbo-molecular pump) to reach vacuum levelmo

to 10-6 hPa. The transfer unit is composed of a
telescopic vertical shifting system with
locking/unlocking device to pick up and disconnect
samples from the different facilities, store andntan
them in this unit for vacuum transfer and then @mtn

them to another facility. e

/ﬁﬁﬂ Wi N it o

7. THE DEESSE AND CELESTE IRRADIATION Figure 6 : Picture of the two ONERA facilities
FACILITIES dedicated to the electron emission studies.

Two facilities (DEESSE and CELESTE) are availalile a
ONERA and are intended to study the electron ennissi
properties of solids under electron and photon
irradiation. These facilites are mainly used for . (a)
applications that regards electrical charging [Aall
Thruster technology [5] and multipactor effect [6he ]
multipactor is an undesirable phenomenon, occuwing o [ERST
some sensitive RF compounds of satellites. DEESSE a 1/ R -w
well as CELESTE are equipped with electrons guns  °|f g e e
covering the energy range of 1 eV to 22 keV, angon Fmgn,
(50 eV to 5 kev), a VUV photon source, X-Ray Mg/Al
source and a high resolution hemispherical electron ) o 10 50 o 0
energy analyzer. The facilities are equipped with Ag
Faraday cups, Kelvin probe and an electron coltecto . (b) PR
The working pressure is in the 1610"° mbar range. e cew
The incidence angle of the electrons, photons os io )
could be adjusted from the normal to the grazing b T s
incidence. The sample holder temperature can be T
controlled from room temperature to 600°C. DEESSE i i ga
especially designed to allow the transfer underhHig R {
vacuum conditions (19 mbar) of samples from or to '
other ONERA facilities (SIRENE, GEODUR and
SPIDER). The measurements that are ordinarily e (e
performed in DEESSE or CELESTE are the total e

electron emission yield, the electron backscatterin s+ (C) ElastioBst | AG
yield, the electron emission energy distributiondag 25005
distribution of the emitted electrons and surface Sl
analyses (Auger Electron Spectroscopy (AES), X-Ray, £
photo-electron spectroscopy (XPS) and Electrongner 8
loss spectroscopy (EELS) .

LE+0S SE

5,E404 BSE {—
Typical results are shown in Fig. 7. A short glecs oso0 I L
0 10 20 30 a0 50 60 70 80 9 100 110

pulses (typically bellow the ps) are used to mease Energy (o¥)

total electron emission yield shown in Fig. 7a &fid . ) . . . .
backscattered electron yield in Fig. 7b. The Figure 7 : Typical experimental results obtained in

T ; . DEESSE and CELESTE. (a) Total electron emission
measurement of the energy distribution (Fig. 7 . .
a lot of useful details, asg );he mean eléctgon ?gl?ss Y'eld me_asured one sﬂvgr. ._b) _Backscattered '.EdBCt
energy and the relative proportions of elastic yield of silver(c) Energy distribution of electremitted

backscattered electrons and secondary electroreseTh from silver sample |rra%|a\1;ed at 90 eV and biased a
details are of high importance in multipactor anallH ’
thruster modelling.
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