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SUMMARY

The charge dissipation mechanism of silica fabrics and FEP/
silica fabric/Aluminum composites has been studied by means of
various sample configurations that have been tested under mono-
energetic electron beams at energies between 5 and 20 keV. Groun-
ding of the aluminum rear face of the composite is necessary in
order to ensure a good electrostatic performance. The surface
potentials are dependent on the flux rate in the range 10 pA cm ™2
to 3 nA cm~? they are the highest at the lowest flux rate.
Strong discharges have been evidenced at 20 keV, They do not occur
under 15 keV electrons. A substantial decrease in the surface
potential of the sample is observed every time that an irradiation
by low energy electrons (2 to 4 keV) is performed simultaneously
with the irradiation by medium-energy electrons (10 to 20 keV).
Silica fabrics and composites are very sensitive to contamination
or contamination-plus-irradiation effects.

INTRODUCTION

Silica fabrics have been proposed for use as passive thermal
control coatings that do not support charge build up under elec-
tron bombardment at energies to at least 30 keV with associated
current densities in excess of 30 nA cm™? (ref. 1),

This excellent behaviour under simulated substorm conditions,
has been explained (ref. 2) by a secondary emission conductivity
where secondary electrons produced by the primary electron beam
are thought to be a cloud of free charges in the voids between the
silica fibers within the dielectric material. If that is the case,
the charging performance of the quartz fabric ought to be good
only if this fabric is directly connected by its back face to a
grounded metal plate,

A composite obtained by laminating at 280°C the quartz fabric
with a FEP film and an aluminum foil, has been proposed for use
aboard spacecraft, because bonding of the aluminised rear face of

*This work has been supported by the U.S. Air Force Materials Lab-
oratory under grants AFOSR 78-3704 and AFOSR 80-0183.
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this laminate to the spacecraft structure by means of an adhesive
eliminates the problems of adhesive migration and contamination
through the fabric (ref, 1).

This composite was said (ref, 3) to have also a good behaviour
under electron bombardment (moderate surface potentials, no sudden
discharge) in spite of the dielectric nature of the FEP film,

It was decided to verify such a behaviour,

Various comparative tests under electron irradiation (in the
range of energy 2-20 keV) were performed in order to evaluate the
charging performance of diverse configurations all including silica
fabrics with or without electrical grounding. Some experiments
were also carried out in order to explain the conductivity mecha- .
nism of silica fabrics and related composites. Moreover some tests
were performed in order to gather data concerning the contamina-
tion effect on the charge control performance and a dual electron
beam was used so as to assess the experimental validity of results
drawn from simulation procedures using a monoenergetic electron
beam.

The results of the experiments (that are fully described in
ref. 4,5,6) are summarized hereunder.

MATERTIALS

The silica fabric was furnished by AFML/MBE; this material is
the 581 Astroquartz lot 98269 heat cleaned at 800°C for 3 hours in
air.

The composites were also provided by AFML/MBE: the 581 Astro-
quartz lot 98369 was heat cleaned in air at 800°C for 3 hours and
then laminated at 280°C to an aluminum foil with 1| mil type A FEP
Teflon film. Two series of composite specimen that differed by the
thickness of the aluminum foil (0.5 mil and | mil) were used
successively,

THE FACILITY

Figure | is a schematic view of the "CEDRE" (Chambre pour
1'Etude des Revétements sous Electrons) facility used to assess
the electrostatic behaviour of dielectric coatings in simulated
geosynchronous substorm environment,

Turbomolecular pumping units allow the chamber and the elec~
tron gun to be operated at pressure levels less than 5 107° Torr.
The main electron accelerator (SAMES manufacturer) works in the
range 4 to 25 keV with fluxes up to 10 nA cm-% at the sample level,
An aluminum foil 1,2 um thick is used in order to scatter the elec-
trons and to obtain a good irradiation uniformity at the sample,
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The sample holder is made up of four plates (200 by 200 mm)
each maintained at a constant temperature by a circulating fluid.
This holder is sustained by a rotating shaft allowing the present-
ation of any of the four plates in front of the energetic elec-
tron beam. In normal conditions, two faces can receive specimens
the two others being used as Faraday cup holder and surface poten-
tial measurement calibration system. The irradiated area is res-
tricted at the sample level by use of collimating openings, if it
is wished.

The surface potential of specimens is measured by a poten-
tial probe (capacitive sensor) moved by a mechanical scanner. A
potentiometric system allows the recording on a X-Y plotter of
the surface potential profile of the electrically charged coating
after that the sample holder has been rotated.

The secondary electrons emitted by the irradiated sample can
be measured toghether with the backscattered electrons by means of
a hemicylindrical electrode | surrounding the irradiated area and
collecting the current Isec (see Figure 1).

The fixation system of the sample enables to measure the
surface leakage current I on a circular ring 3 lying on the
sample surface but out ofsgﬁg irradiated area. A circular guard
ring 5 , electrically insulated from the ring 3 by a 125 micro-
meter thick FEP film, covers the whole ring 3 and enables to mea-
sure the current I . In case of measurements using electrodes
3 and 5, the samplg under irradiation 1s grounded by its peri-
phery ; however it is possible to disconnect from the ground the
rings 3 and 5 in order to provide a grounding of the sample only
by its back face. The specimen is fixed on a metallic plate
which is grounded by means of a nanoammeter giving the sum of the
volume leakage current plus the capacitor current I = IL + IC.

1 , 3 and 5 are also grounded by means of other nanoammeters.
All the currents are simultaneously recorded.

Two immovable Faraday cups 4 are used to monitor continuously
the electron flux rate during irradiation.

Under certain circumstances, the current (I,) on a metallic
plate 6, next the sample but set back from the sample surface,
must be measured also.

A second gun enables to irradiate the samples with electrons

in the range 2-5 keV., However the implantation of this gun neces-
sitates the removal of the hemicylindrical measurement electrode.

SECONDARY EMISSION, VOLUME LEAKAGE CURRENT, SURFACE LEAKAGE
CURRENT AND POTENTIALS

Secondary emission, volume leakage current and surface
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leakage current are the three means by which electrons are likely
to escape from a dielectric irradiated by low energy electrons.
The knowledge of their relative importance could help to give the
best rules of conductin order to lower the surface potential value
and to suppress the arcing risks.

Accordingly, it was decided to evaluate the secondary emission,
the volume and surface leakage currents for various sample config-
urations using silica fabrics and silica fabric/FEP/Aluminum compo-
sites.

Sample configurations

The fixture means and the various electrodes for measurements have
been described above. Five samples were used: a) one layer of the
quartz fabric in direct contact with the grounded sample holder,
b) three layers of the quartz fabric in direct contact with the
grounded holder, c) one layer of the quartz fabric insulated from
the grounded holder by a FEP film (125 um thick), d) one layer of
the composite (rear aluminum layer in direct contact with the
grounded holder), e) one layer of the composite insulated from the
grounded holder by a FEP film.

Procedure

In a first phase, the various samples have been irradiated
at one selected beam energy for about 18 minutes with their peri-
phery grounded by the metallic ring as described above. During
this period, after fixed times of irradiation (0.5, 1, 2, 5, 10,
18 minutes) the irradiation was stopped and the potential measu-
red. Immediately after this period, without sample discharging,
the metallic ring was disconnected from ground for about 10 minu-~
tes while the beam conditions were set at the same value. Then
an other potential measurement was done.

Four energy levels of the electron beam were used successiv=-
ely: 5, 10, 15, 20 keV with respective intensities 1.25, 0,7, 0,5
and 0,5 nA cm—2, At the end of each irradiation stage and before
starting the next, the samples were totally discharged by irra-
diation with low energy electrons (3 to 5 keV),

Variation with time

a) For a 5 keV electron beam and for all sample types and conf-~-
igurations, the surface potential value is recorded equal (or very
near) to zero. All incident electrons are reemitted as secondaries
(assuming that the current I_collected on the guard ring is in

its nature identical with IS collected by the hemicylindrical
electrode). The sample—to-hoiﬁer current I as well as the leakage
current Isurf are very near to zero.
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The electrostatic behaviour here is very independent of the
manner the sample is fixed. The interaction of the beam with the
quartz fabric seems to take place at the very surface and the
direct secondary emission is the only discharging process,

b) At 10, 15 and 20 keV beam energies, two general behaviours

can be differentiated, The first one (behaviour "A") corresponds
with the usual behaviour of dielectrics under electron beam when
their rear face is in contact with a grounded holder. In such a

case, an increase in the surface potential with irradiation time
is noted simultaneously with a decrease in the sample-to-holder

current I. I is the sum of the charging current I_ (related to

the dielectric capacity C by the expression I, = CdV_/dt), and the
leakage current I_, through the insulator (whdse value increases
with the surface potential VS). '

The second type ("B") corresponds with a non-monotonic poten-
tial variation, increasing for the first few minutes of irradia-
tion, then decreasing to a steady-state, with a leakage current I
generally increasing at the same time.

This behaviour "B" was observed much more generally. Associa-
ted with the peak value of the surface potential, a maximum in
the secondary electron emission is noted on the I records as
well as on the I_ records. The electric field at Ehé surface is
guessed to deterfiine this secondary emission because it is acting
as an extracting field.

An increase in the value of the sample-to-holder current I
is generally observed with time. At steady-state, this current is
a leakage current.An example of this behaviour is given in fig-
ure 2 for the one layer quartz fabric sample not insulated by FEP
at 15 keV, In the three layers configuration of the silica fabric
in the same beam conditions, it seems that the leakage current is
not existing at first and that the behaviour is rather of type "A";
then after a certain threshold of the electric field inside the
material has been exceeded, the leakage current arises contribut-
ing to discharge the sample. This threshold is not in evidence
for all sample configurations : it could happen very soon after
beginning of irradiation in the case of a single layer directly
grounded (Figure 2) owing to a smaller thickness with regard to
the electron penetration depth. This is corroborated by the fact
that at 10 keV, the three layers sample of silica fabric shows
only the behaviour "A" when the one layer sample shows the beha-
viour "B" : the rather large thickness in this 3 layers configura-
tion enables to conclude that the back layers of silica fabric are
acting as an insulator.

Besides this case, the behaviour A has been noted only at
10 and 15 keV, for the composite insulated by a FEP film.
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TABLE 1 - SURFACE POTENTIAL MEASUREMENTS (INVOLTS) AT STEADY-STATE

CONFIGURATTIONS
GROUNDING BE AM
FABRIC FABRIC FABRIC COMPOSITE
CONDITIONS ENERGY 1 3 OVER COMPOSITE
LAYER LAYERS FEP OVER FEP
vith 5 keV <10 <10 < 10 < 10 < 10
grounded
peripheric 10 keV 260 660 450 480 610
ring at the (%) (%)
surface 15 keV 1320 2000 2230 2210 1485
20 keV 5800 (%) 6100 7425 (%) 5350 (%) 4125
5 keV <10 < 10 < 10 <10 < 10
peripheric
ring not 10 keV 230 700 770 440 775
grounded (%) (%)
15 keV 1452 1900 2230 2200 1402
20 keV 5500¢*) 6100 7100211) 5530 4000

Note: the

(*) discharges

(**) not equilibrium conditions

samples had never been irradiated before the experiment starting




The leakage current 1. observed for the quartz fabric is
probably originating from the existence of secondary electrons
acting as free charges in the voids between fibers and creating
conducting paths through the fabric cross section (ref. 2).

Values at steady state

Table | reports the surface potential V_ as a function of
the beam energy E_ . The general trend that i8 observed is an
increase in the pdtential value when the beam energy is increased.
Identical values of V_ are obtained, in given beam conditions,
whether the sample sutface is grounded at its periphery or not.

In Figures 4 to 8, the results at steady state are shown in
a diagrammatic presentation that allows to visualize the relative
importance of the various current components measured as defined
earlier. Each current component

is representated by a vector

Lec the modulus of which is equal to
(secondary electron the direct ratio of this current
emission) to the sum I of all the currents.
collected on the
hemicylindri I ¢ I + I +1I + I + I
Ig € cwzggﬁie sec surf g H

Eollected on the guard ri The I.. value was not measured

for all the configurations. It
has been used where available. (*)

The vector orientation allows
to discriminate the various
current components as sketched
in Fig. 3

lsample to hokder)

Fig. 3 Diagrammatic presentation
of measured currents

Secondary emission current (I c), as already said, is the
only important discharging mechanism at 5 keV. It decreases when
the energy is increased in the 5 to 20 keV range, where the other
currents are detected, namely the sample-to-holder current I,
and the surface current, I .

surf

Isur takes a minor importance as a discharge mechanism
except in the following cases: silica fabric or composite insula-
ted by FEP, and three fabric layers in contact with the grounded
holder. In these three cases, the surface seems to be the less
resistive path to ground, compared to the volume. This is noticed

(#) In figures 4 to 8 a dotted vector denotes that the I, compo-
nent was not measured.
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particularly in figure 6 where the grounding of the peripheric

ring cancells out the current I,This is also in evidence in fig-
ures 5 and 8 where the same grounding induces only a reduction of
I. In the case of the samples insulated by FEP (figures 6 and 8),
care must be taken not to identify the just above mentioned I cur-
rent with a leakage current. In the latter case, the I current

that was recorded was probably due to a mechanism different from
the secondary emission conductivity: it may be a field emission at
the specimen edge as suggested by the very noisy records of I that
were obtained. In all other cases, the I current can be identified
as a leakage current involving a secondary emission conductivity.
As such, this leakage current appears to be the most important dis-
charging mechanism at energies greater than 5 keV. This is in
evidence in figures 4 and 7 for the 15 keV and 20 keV energy beams.

Discharges

As a general statement, whenever sudden discharging of the
irradiated sample was observed, pulses were recorded on the various
currents. A sudden decrease in the sample~to-~holder current I was
always correlated to a sudden increase in the I current. This
means that electrons emitted from the sample weté“collected by the
hemicylindrical collecting electrode. Other currents showed almost
always correlated pulses the polarity of which was not always the
same. Their intensity depended on the sample nature as well as the
beam conditions. Some very large variations in I were probably due
to the total discharging of the sample surface. Others were proba-
bly corresponding to rather small local discharges.

All the sample configurations we tested exhibited a trend
towards strong discharges at the 20 keV energy for which very
strong pulses occuring at a very high rate were observed with the
samples insulated by the FEP film. The samples grounded by their
back face (direct contact with the sample holder) showed less pro-
nounced discharges. The grounding of a ring put on the surface did
not decrease appreciably the discharge risk.

At 15 keV numerous small current pulses were observed for
the composite as well as for the quartz fabric whenever they were
insulated by a FEP film. When the rear face of the composite or
quartz fabric was in direct contact with the grounded holder, there
was neither arcing nor tendency to arcing.

At 10 and 5 keV, discharges did not occur whatever configur-
ation was.

From the various data that were gathered, it seems very dif-~-
ficult to localize the breakdown areas of the various configura-
tions tested. The geometrical disposition of the sample holder,
the rings as well as the actual sample configuration could be
of first importance in the initiation of discharges. Several
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competiting mechanisms were obvious for some of the samples we
tested.

Remarks

The behaviour of the composite under an electron beam simu-
lating the substorm environment seems to be closer to the one of
the quartz fabric alone than to the one of the quartz fabric elec-
trically insulated by a FEP film., This observation strongly sug-
gests that the quartz fibers of the composite are in close con-
tact with the back aluminum foil., This fact is corroborated by
a study under optical microscope. Therefore the FEP layer does
not form a continuous barrier within the laminated composite that
we have tested.

The behaviour of the composite is satisfactory only if its
aluminum rear face is grounded. The use of a conductive adhesive
is therefore strongly recommended for bonding the laminate compo-
site to the metallic spacecraft structure or to the next grounding
point,

Strong discharges were observed at 20 keV with the composite
material as well as with a silica fabric that was directly groun-
ded by its back face. Previous observations (ref. 2, 3) did not
indicate this trend.

FIELD-DEPENDENT CONDUCTIVITY OF THE COMPOSITE

The silica fabric behaviour has been attributed (ref. 2) to
a secondary emission conductivity. Such a conductivity can explain
the decrease in V_ (or the peak value) in the curve giving the
surface potential in terms of time, that has been observed (beha-
viour "B") at 10, 15 and 20 keV. However this peak value occured
at rather high values of the surface potential (about 1000 Volts).
Consequently it appeared useful to evaluate the conductivity in
quartz fabrics for similar electrical fields. It was decided to
apply to a composite sample such electrical fields corresponding
to potentials in the 0~1 kV range and to evaluate the electrical
conductivity through the sample under electron beam. The experi-
ments were performed in a facility similar to the one described
in reference 2, but with far lower current densities, higher surf-
ace potential and higher beam energies.

Procedure

Samples were irradiated by an electron beam with a fixed
electric field imposed across the cross section of the composite.
The composite was mounted with its aluminized back face directly
on a grounded sample holder, The outer fabric surface was in inti-
mate contact with a brass grid. The grid potential v, with
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respect to the sample holder was held below 1500 Volts, which was
in the presence of incident electrons, the threshold value for
breakdowns to occur. The transmission coefficient of the wire
screen was experimentally determined and found to be 50 per cent.

The potential V

o Was fixed at a given level and the three
currents I

leakage ’ Isecondary and I$u 1 were 51mu1tane?usly
measured at steady-state. The beam conditions were the following:

5 keV/0.25 nA cm—2 (at sample level, after grid), 10 keV/1 nA cm—z,
15 keV/ 1 nA cm™2, 20 keV/ 1 nA cm” 2.
All experiments have been performed with the sample of the
composite.
Iy
(nA)

RESULTS

There is a very rapid increase
XA in the leakage current with

10 35 the applied voltage V, for Vj
7 greater than two or three
hundred volts. That is to say
that the resistance across

the cross section of the comp-
osite decreases for surface
potentials values beyond a
certain threshold.
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face potential induced by the

Figure 9A: leakage current versus
applied voltage at 10 keV for the
composite

Volt\sg same electron irradiation in
1000 terms of time. Figures 9A and
9B do match together since an
10keV  [Q7nA/. ¢ increase of conductivity ex-
plains quite well the poten-
P)¥ tial decrease after a very

short irradiation time. The
5a}f;—:::$‘~—‘? COMPOMTFAQ-L- measured values at 15 keV
and 20 keV are equally sug-
gestive of a surface poten-

tial in strong correlation
with a field-dependent cond-

uctivity.
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very low for Vo less than 1100 Volts; one must remind that the
surface potential observed under a 5 keV electron irradiation is
zero due to the very high secondary emission that can be evidenced
by the current collected on the hemicylindrical electrode,

INFLUENCE OF THE IRRADIATION DENSITY ON THE CHARGE DISSIPATION
PERFORMANCE

Purpose of study

The secondary emission conductivity mechanism postulates
that a free electron population is created inside voids between
silica fibers. This suggests a possible irradiation density influ-
ence on the charge dissipation performance. Accordingly it was
decided to perform several electron irradiations at various beam
densities in order to compare their effect.

Procedure

A first series of tests was run at 10 keV with one specimen
of the composite that was irradiated in the following sucessive
conditions:

(a) 10 pA cm~? for 16000
(c) 100 pA em~? for 2800
(e) 1 nA cm~2 for 1000
(g) 10 pA cm~? for 20000

(b) 30 pA cm~? for 5300 s
(d) 300 pA cm~? for 1900 s
(£) 3 nA cm~? for 1000 s

mw »nu n 0
e Wwe e

we we e we

Between these various irradiations the sample was totally
discharged with electrons at 5 keV 1 nA cm~—2,

The same sample was used for a second series of tests at
15 keV in the following conditions:

(h) 10 pA cm™? for 27000
(j) 100 pA cm™? for 4000
(1) 1 nA cm~? for 400
(n) 10 pA cm™? for 27000

; (i) 30 pA cm~? for 13000 s
; (k) 300 pA cm~? for 1800 s
;
;

we we we

(m) 3 nA cm~? for 133 s
(0) 100 pA cm~? for 4000 s.

wn non

For the irradiations at 15 keV, the sample charge was also
removed after each irradiation step with an electron beam at 5 keV
1 nA cm~? or 5 keV 10 pPA cm~?2

The surface potential was measured at several exposure times
for each irradiation step.
Results

Figure 10 gives the surface potential in terms of total inci=-
dent charge Q (flux rate by irradiation time) for an electron
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irradiation at 15 keV, This figure clearly shows that the poten-
tial values at steady state depend on flux rate, while the inter-
madiate values (for incident charge lower than 10-% C) depend only
on the integrated stored charge. These experimental values of
potential can be compared to calculated potential values of pure
capacitors submitted to the same irradiation, assuming a secondary
emission coefficient equal to 30 per cent, The curves labelled

C; and G in figure 10 are corresponding respectively with the
value 5 and 8 pF cm ~2, This observation helps to elucidate the
electrostatic behaviour of silica fabrics and composites under
electron bombardment ; at 15 keV, they behave like a capacitor
until a leakage current arises, due to the secondary emission con-
ductivity, for potential values around 1000 Volts.,

The flux rate dependency is illustrated in figure 11 where
the potential values at steady state are expressed in terms of
flux rate. This dependency is particularly obvious at 15 keV bet-
ween 0.01 and 0.1 nA cm™ 2,At 10 keV the variations of the poten-
tial value at steady-state are much less noticeable,

Irradiations at 5 keV and 0.0l nA cm 2 were also performed
in the same sample that had been irradiated with 10 keV and 15 keV
electrons, It was checked that no detectable potential appeared
in these conditions. Moreover an irradiation at 5 keV and 0.0]1
nA cm "2 effectively discharged a sample that had been previously
charged at 10 or 15 keV,.

It is worth noting that the surface potentials which can be
measured for irradiated quartz fabrics and composites are depen-
dent on the sample history : they are increasing with the time
of exposure to vacuum and/or irradiations. The irradiation labelled
(g) after two days under vacuum and several irradiation steps,
corresponded to a potential at steady-state (reported in figure 11)
250 V higher than the one recorded at irradiation (a). However
after a certain time a stabilization seems to occur: irradiations
(h) and (n), (j) and (o) led exactly to the same potential after
respectively four and eight days under vacuum. Nevertheless, one
must remind that the results in figures 10 and 11 could be slight-
ly different, depending on the sample history under vacuum (conta-
mination).

Forecast consequences

The increase in the surface potential for decreasing flux
rates should have no technological consequence, since, for beam
conditions that are representative of the geosynchronous environ-
ment during substorms (flux rates between 0,1 and 2 nA cm‘zgref.7)
only very small potential variations are expected for a given
energy.
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INFLUENCE OF THE PRESENCE OF LOW ENERGY ELECTRONS (2 to 4 keV)
TOGETHER WITH HIGH ENERGY ELECTRONS (10 to 20 keV)

Purpose

Evidence has been given above that a very high secondary
emission can be measured by an hemicylindrical collecting elec-
trode for a 5 keV electron irradiation on silica fabrics with a
surface potential equal to zero., When the electron beam energy
is increased to 10, 15, 20 keV, the secondary emission is decrea-
sed and a leakage current that is due to the secondary emission
conductivity can be measured; the surface potential becomes measu-
rable then increases up to reach some thousands volts for a 20 keV
beam. However the results that have been reported above for 10 to
20 keV electrons, have been measured only with quasi-monoenergetic
electron beams. According to ref, 2, as the beam energy is increa-
sed above 5 keV, the incident electrons generate secondary elec-
trons deeper within the material where they are unavailable to act
as charge carrier towards the surface, In an actual substorm envi-
ronment, there is a continuous distribution of electron energies,
Accordingly it seems interesting to evaluate the silica fabric
behaviour under irradiation either with a wide spectrum of elec-
trons or at least with two simultaneous beams of electrons giving
two quasi-monoenergetic beams in two different energy ranges, The
second method is easier. It was decided to irradiate the composite
with low energy electrons (2 to 4 keV) acting together with medium
energy electrons (10 to 20 keV),.

Procedure

The facility was redesigned to allow a simultaneous irradia-

tion by low energy (2 to 4 keV) and medium energy (10 to 20 keV)
electrons,

Two samples of the composite have been irradiated with the
same procedure. One of them (A) 1s a specimen that had not been
irradiated previously., The second (B) had been irradiated for
32 hours in an earlier test; this latter specimen has therefore

a complicated history from both points of view of contamination
and irradiation,

The energy of the low energy beam (beam 1) was set at 2 or
4 keV ; the energy of the medium energy beam (beam 2) was set at
10, 15 or 20 keV,

The following energy pairs have been successively achieved
(a) 2 keV and 10 keV ; (b) 2 keV and 15 keV ; (c) 4 keV and
15 keV ; (d) 4 keV and 20 keV.

For each energy pair, several ratios of the two beams inten-
sities have been selected. For each of these various ratios, the
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sum of the two beam intensities has been kept constant: 0,7 nA
cm™? for the energy pair (a), 0.5 nA cm™2 for the next pairs (b),

(¢), (d).

The procedure and irradiation times are as follows:

-
C
| ——

BEAM 1 (Low ENERGY) FOR 1,5 MINUTE

BEAM 1 (LOW ENERGY) + BEAM 2 (MEDIUM ENERGY) FOR 20 MINUTES

|
BEAM 1 (Low ENERGY) FOR 0,2 MINUTE

l§URFACE POTENTIAL MEASUREMENT]

ICHANGE IN FLUX RATES OF THE BEAMS]
-

[BEaM 1 For 15 T0 30 minuTes]|

[ CHANGE IN ENERGY OF BEAMS|

P

The leakage current is the only current that could be record-
ded during irradiation,

Results

Table 2 gives the potential values measured for various
combinations of energies and beam intensities,

The occurrence of pulses in the leakage current of the sam-
ples is also reported in table 2 as number of "arcing events”.
It is worth noting that four rather small breakdowns have been
observed at 15 keV on the contaminated composite (sample B), Many
events are noticed at 20 keV for both samples.

Discussion

A substantial decrease in the surface potential of the sample
is observed every time that an irradiation by low energy electrons
(2 to 4 keV) is performed simultaneously with the irradiation by
medium-energy electrons (10 to 20 keV) : see table 2,

The dependency of surface potentials on the presence of low

energy electron is shown to be quite considerable and to make obso-
lete most previous test results with monoenergetic beams. Moreover,

305



TABLE 2 - RESULTS OF THE EXPERIMENTS WITH THE TUAL-BCAM

BEAM | BEAM 2 SAMPLE A (*) sampLE BCM*)
Energy| Flux Energy Flux Surface { Arcing |Surface | Arcing
keV rate K rate poten- events |poten-— events
( ) nAcm 2 (kev) macm” 2| tial(V) (**) |tial(V) (x*)
1 2 0.7 - 0 - 0 -
2 2 0.6 10 0.1 <10 - <10 -
3 2 0.35 10 0.35 10to20 - 650 -
4 2 0.1 10 0.6 160 = 1260 -
5 - - 10 0.7 740 - 1460 -
6 2 0.5 - - < 10 - <10 -
7 2 0.4 15 0.1 10to020 - 300 -
8 2 0.25 15 0.25 400 - 4410 -
9 2 0.1 15 0.4 1180 - 4500 -
10 2 - 15 0.5 1980 - 4500 4
11 4 0.5 - - < 10 - < 10 -
12 0.25 15 0.25 1200 - 3960 -
13 4 0.5 - - 10 no 510 no
14 4 0.4 20 0.1 80 0 720 1
15 4 0.35 20 0.15 360 10 970 1
16 4 0.30 20 0.2 745 9 6600 12
17 4 0.25 20 0.25 1215 14 8190 78
18 4 0.20 20 0,30 1420 12 8100 119
19 4 0.15 20 0.35 3600 12 8200 60
20 4 - 20 0.5 4500 28 8370 150
(*) Experiments 1 to 12 have been successively performed with
the same specimen, that was replaced by a new one for the
experiments 13 to 20
(**) For a 20 minutes period of time

(***) This sample has been previously irradiated and contaminated
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it does confirm the contamination effect to be mainly an altera-
tion of the secondary emission surface properties, The decrease
in surface potential is explained by an enhancement of the secon-
dary emission of the silica fabric for primary electrons in the 1
to 5 keV range.

Surprisingly with the medium energy beam fixed at the 20 keV
level, arcing events are still observed when the low energy beam
is applied., However, the uniformity of the 4 keV beam is rather
bad., In its right part, the composite is receiving certainly a
far less density of low energy electrons than in its left part,

No scan in the horizontal direction could allow to determine whe-
ther the surface potential is higher in the right part and whether
arcing can originate from this area,

Table 2 shows that the low energy component decreases also
the electric charge of the contaminated sample (sample B) under
electron beam but it is obvious that its efficiency is far less
than with an uncontaminated sample (sample A),

Consequences

The electrostatic tests that are performed usually on silica
fabrics and composites appear to be pessimistic because they are
carried out with monoenergetic beams at rather high energies (10
to 20 keV). In space, wide distribution of energies including
electrons in the range 1 to 5 keV are always observed. They tend
to lessen the surface potentials that could be inferred from the
laboratory tests with monoenergetic beams on materials for which
the secondary emission conductivity is the principal charge dissi-
pation mechanism.

REMARKS ABOUT THE EFFECTS OF CONTAMINATION

A systematic increase in surface potentials has been obser~-
ved as often as successive irradiations under vacuum have been
carried out in the same conditions on quartz fabrics and composi-
tes - see for instance the examples given above at the section
dealing with the effect of flux rate.

This behaviour is probably a consequence of a contamination
layer build up in an imperfectly clean vacuum on the quartz fiber
surface whose properties, namely secondary emission, are likely
modified, Several experiments (that will be reported later on in
an other paper) have substantiated this assumption but they have
also shown that the contaminant layer as well as its effect depend
on the irradiation received by the surface. The results obtained
with the dual beam show the great importance of such a phenomenan
for the technological use: in space the good electrostatic behaviour
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of the quartz fabrics will be probably progressively degraded as
a function of the number of orbits with a greater probability of

arcing events, if a great care is not exercised in preventing
from contamination.

CONCLUSION

Owing to a secondary electron conductivity, the silica fabrics
support moderate charge build up under electron irradiation simulating
the substorm conditions at geosynchronous orbits. The behaviour
of the fabric/FEP/Aluminum composite is similar to the one of the
silica fabric but its aluminized rear face must be grounded, for
instance by use of a conductive adhesive, in order to lessen the
discharge risks which could occur between 15 and 20 keV, Silica
fabrics and composites are very sensitive to contamination or
contamination-plus—-irradiation effect: in space, the good electro-
static behaviour of the fabric will be progressively degraded as
a function of the number of orbits with a greater probability of
arcing events if a great care is not exercised in preventing from
contamination,

REFERENCES

1. A,E, Eagles et al; Fabric coatings: A New Technique for
Spacecraft Passive Temperature Control - AIAA Paper 65-668
ATIAA 10th Thermoph, Conf. Denver, Colorado, May 1975

2, v,J, Belanger, A.E, Eagles: Secondary Emission Conductivity of
High Purity Silica Fabrics - Proc. Spacecraft Charging
Techn., Conf. Colorado Spring, October 1976

3. N,J. Stevens, F.,D, Bercopec, J.V, Staskus, R.A, Blech,
S.J. Narciso - Testing of Typical Spacecraft Materials in a
Simulated Substorm Environment - Proc. lst Spacecraft Char-
ging Technol. Conf, Colorado Springs (October 1976).

4, B,Benaissa, L. Levy, A. Paillous, D. Sarrail: Interim
Scientific Report - AFOSR Grant 78-3704B for the Period
79 May 01 - 80 Jan 31 (July 1980)

5. L. Levy, A. Paillous, D, Sarrail - Interim Scientific Report
-]

n- 2 on AFOSR Grant 78-3704B for the period 79 May 01 -
80 Jan 31 (March 1980)

6. L. Levy, A, Paillous, D. Sarrail: Final report on AFOSR Grant
80~0183 (December 1980)

308



	Navigation
	Spacecraft Charging Technology 1980
	Preface
	Table of Contents
	Keynote Address--Dell P Williams III 
	SESSION 1 - Material Responses
	Dielectric Discharge Characteristics in a Two-Electron Simulation Environment
	Electron-Beam-Charged Dielectrics- Internal Charge Distribution
	Bulk Charging and Breakdown in Electron-Irradiated Polymers
	Charging and Discharging Teflon
	Experimental Validation of a Numerical Model Predicting the Charging Characteristics of Teflon and Kapton under Electron Beam
	Role of Energetic Particles in Charging-Discharging of Spacecraft Dielectrics
	Electron Penetration of Spacecraft Thermal Insulation
	Electrostatic Discharging Behavior of Kapton Irradiated with Electrons
	Dielectric Surface Discharges- Effects of Combined Low-Energy and High-Energy Incident Electrons
	Preliminary Comparison of Material Charging Properties using Single Energy and Multi-energy Electron Beams
	Brushfire Arc Discharge Model

	SESSION 2 - Material Characterization
	Effects of Secondary Electron Emission on Charging
	Secondary Electron Emission Yields
	Oblique-Incidence Secondary Emission from Charged Dielectrics
	Tank Testing of a 2500-cm2 Solar Panel
	Charging and Discharging Characteristics of a Rigid Solar Array
	Materials Characterization Study of Conductive Flexible Second Surface Mirrors
	Design of an Arc-Free Thermal Blanket
	Charging Control Techniques
	Charging Characteristics of Silica Fabrics
	Electrostatic Charging Characteristics of Thermal Control Paints of Functions Temperature
	Evaluation Charge Control Techniques of Spacecraft Thermal Surfaces (Electrostatic Discharge Study)
	Conduction through Puncutres in Metal-Backed Dielectrics
	Accelerated Alpha-S Deterioration in a Geostationary Orbit

	SESSION 3 - SCATHA Flight Data
	Operational Status of the Space Test Program P78-2 Spacecraft and Payloads
	Electron Angular Distributions During Charging Events
	Operation of SC5 Rapid Scan Particle Spectrometer on SCATHA Satellite
	Review of Hot Plasma Compsoition Near Geosynchronous Altitude
	SCATHA Observations of Space Plasma Composition During a Spacecraft Charging Event
	P78-2 Engineering Overview
	Satellite Surface Potential Survey
	Preliminary Analysis of Data from SRI International Transient Pulse Monitor on Board P78-2 SCATHA Satellite
	Aspect Dependence and Frequency Spectrum of Electrical Discharges on the P78-2 (SCATHA) Satellite
	Flight Evidence of Spacecraft Surface Contamination Rate Enhancement by Spacecraft Charging Obtained with a Quartz Crystal Microbalance
	P78-2 Satellite and Payload Responses to Electron Beam Operations on March 30 1979

	SESSION 4 - Analytical Modeling
	Representation and Material Charging Response of GEO Plasma Environments
	Simulation of Charging Response of SCATHA (P78-2) Satellite
	SCATHA SSPM Charging Response- NASCAP Predictions Compared with Data
	Three-Dimensional Analysis of Charging Events on Days 87 and 114- 1979  from SCATHA
	Computer Simulation of Spacecraft Charging on SCATHA
	Analysis of Ambient and Beam Particle Characteristics 3-30-79
	Comparison of NASCAP Modeling Results with Lumped-Circuit Analysis
	NASCAP Charging Caalculations for a Synchronous Orbit Satellite
	Results from a Two-Dimensional Spacecraft-Charging Simulation and Comparason with a Surface Photocurrent Model
	Analytical Modeling of Satellites in Geosynchronous Environment
	Calculation of Surface Current Response to Surface Flashover of a Large Sample under Grounded and Floating Conditions
	Model of Coupling of Discharges into Spacecraft Structures
	Disappearance and Reappearance of Particles of Energies - as seen by P78-2 (SCATHA) 

	SESSION 5 - Systems Design and Test
	Military Standards and SCATHA Program and Update of MIL-STD-1541
	Military Standard for Spacecraft Charging Status Report
	Use of Charging Control Guidelines for Geosynchronous Satellite Design Studies
	P78-2 SCATHA Environmental Data Atlas
	METEOSTAT Spacecraft Charging Investigation
	Electron Irradiation Tests on European Meteorological Satellite
	Spacecraft Charging Technology in the Satellite X-Ray Test Facility
	Simulation of Spacecraft Charging Environments by Monoenergetic Beams
	Importance of Differential Charging for Controlling both Natural and Induced Vehicle Potentials
	A Comparison of Three Techniques of Discharging Satellites
	Electromagnetic Fields Produced by Simulated Spacecraft Discharges

	SESSION 6 - Environmental Interactions
	Agreement for NASAIOAST-USAF-AFSC Space Interdependency on Spacecraft Environment Interaction
	Plasma Interactions with Solar Arrays at High Voltages
	Experimental Plasma Leakage Currents to Insulated and Uninsulated 10 m2 High-Voltage Panels
	Numerical Simulation of Pasma-Insulator Interactions in Space Part 1- The Self-Consistent Calculation
	Numerical Simulation of Plasma-Insulator Interactions in Space Part 2- Dielectric Effects
	Three-Dimensional Space Charge Model for Large High-Voltage Satellites
	Charging of a Large Object in Low Polar Earth Orbit
	PANEL DISCUSSION





