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We report measurement of electron emission yield (EEY) under the impact of electrons
on materials of Hall Effect Thruster (HET) interest: BN, SIO,, BN-SIO, and Al,Os. The
effects of the material ageing (under electron irradiation) on the yield of BN and Al,O; are
investigated. The EEY of BN grows with electron exposur e whereas that of Al,O3 decreases.
A simple analysis of our experimental results indicates that these variations are most likely
due to surface and near surface composition changes caused by the electron beam. The
impact of implanted electrical charges during electron bombardment is also discussed. The
representativeness of EEY measurements on ceramics which have not suffered from the
specific environment of a HET (ion and electron bombardment) is discussed.

Nomenclature
C = Electrical capacitance
Vs = Sample surface voltage
E = Energy
EEY = Electron emission yield
. Introduction

all Effect Thrusters (HET) allows thrust generatimynacceleration of neutralized plasma in an ebstatic

field. The plasma is obtained by electron bombartroéthe propellant gas (typically Xenon) insitie t
thrusters’ discharge channel. The specificity @ technology is that electron streaming to thatpety biased
anode is limited by the presence of a magnetid fielrmal to the accelerating electric field. Thigzgma has to be
physically contained and this role is played by Hffinnel ceramics. It was experimentally estabtighat the
ceramic nature is not neutral for thrusters openati® A number of physical models link the limitationtb
energetic efficiency of the HET to the electron ssion yield (EEY) of channel materfal The EEY is defined as
the ratio of emitted electron number (backscattaretisecondary electrons) to the incident eleatronber.
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According to these models, the lower the EEY ofdhannel material, the higher the maximum attamakgctron
temperature. In order to improve hall thrustersatéfiies for deep space missions, efforts aredédione to push
the limits of each component of material. In pautée, the use of HET materials with low EEY appess®ssential.
The knowledge of the electron emission yield isafare highly required. In particular, the firsbssover energy
(incident electron energy for which the EEY is oma)st to be known. However, measurement of EEMiteq
difficult because the charge trapping in the cecaraifects the emission yield its&lf? In addition to charging
effects, the measurement is made more difficulabse the EEY is required for very low incident &ie energies
(few eV to tens eV). At low energies, the electi@jectories are highly sensitive to sightlessteleor magnetic
disturbance. The effects of these disturbances®mieasurement of the EEY were discussed in RdDafa on the
electron emission of insulator materials at lowrgies are very scarce: to our knowledge, only Miglimbert*
and Dunaevsky et af° have measured the EEY for materials of HET intetashis paper, EEY measurements on
several materials (ADs, BN, Si0, and BN-SiQ) used as ceramic channel materials are preserttednterest is
also focused on exploring the effects of ageingeumdiectron irradiation on the EEY than on thed/iimleasurement
itself. The representativeness of EEY measured atenials which have not suffered from the spe@figironment
of a HET (ion and electron bombardment) is discti$sehe light of the experimental results.

[I. Experimental

Four ceramics were analyzed: BN (h-BN, hot pressettring), BN-SiQ (Saint-Gobain, M26 grade: 60% h-
BN, 40% fused silica), Sig(optical grade fuse silica) and.8l; (purity>99.7%). The samplese discs of 20 mm in
diameter and 2 mm in thick. The experimental facilised for EEY measurement is described in RefTt&
vacuum level is maintained below 5 @nbar thanks to a cryogenic pump associated tdresl-molecular-
diaphragm pumps. The sample is mounted in a heltiezh can be positioned so that the electron bdékes the
entire sample surface. The electron beam incidéna®t normal to the sample surface. The incid@arge is
measured using a Faraday cup connected to a 350TM$5034B oscilloscope trough a Femto-DHPCA-10(hhig
speed and a low noise current amplifier. ELG2 Kithipstrument electron gun (3 eV- 2000 eV) with svglectron
beam pulsing capacities was used as the electrorcesoThe sample surface could be measured with- hig
sensitivity (3 mV) Trek-6000B-15C Kelvin probe, cwmtted to Trek-323 electrostatic voltmeter. All the
measurements are performed at room temperature.

e- gun e-gun e-gun
(i) (ii) ! (iii)
o Q, 2l
X V<0V ! X V=V t+AVg

e

sample/sample-holder sample/sample-holder sample/samp le-holder

Figure 1. The three steps of the electron emission yield measurement with the KP method

The Kelvin probe (KP) methdd*®is a three steps method (see figure 1). In tise $tep (i), the surface potential
of the sample is measured with the KP and adjusteh initial negative surface potential valug Vs; is adjusted
so that the surface potential is always kept negaturing the electron pulse with respect with gnheunded inner
shell of the vacuum chamber. This ensures thaletitrons reaching the sample surface from withinsample are
truly emitted. In the second step (ii), the KPesoved and the sample is irradiated by a pulsdarfge Qi. In the
third step (iii), the KP is repositioned in frorittbe sample surface in order to measure the nédwe\af the surface
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potential, \4; . The surface potential variatidiVs= (VsrVs) can be either positive or negative dependindnéf t
EEY is greater or lower than one. Pulse fluencadisisted to limitAV s within the range -2V to +2V. This surface
potential variation modifies electron impinging eme The difference between the average impingingrgy
during a pulse and the initial impinging energpé&ow one eV.

A 50 um of kapton is introduced between the reamma surface and the sample holder in order togrea
leakage current between the sample and the sangbdierh The sample/kapton/sample-holder system foams
capacitanc€. KnowingC, the electron emission yield is given by eq. (1)

EEY=1- CA\_/S 1)
Qi

Between two electron pulses the sample is dischargkis is achieved by alternating short electroisgs
where EEY<1 when the sample is positively chargedi\ahere EEY>1 when the sample is negatively cliatG¥
Note that the "as received" ceramics are usualdyggd before being exposed to electron beam andimsgyme
cases exhibit a surface potential of tens to hudsdief
volts (positive or negative). For instance a pusisurface
potential of 67 V was measured on the BN-SiO2 sampl
whereas a negative surface potential of -49 V was™0
measured on ADs. Therefore, the discharging procedure
must be systematically applied prior to the measerg of
the vyield. Note that, this discharging procedurdyon
screens the electric field produced by this initiahrge but
does not remove this charge if it is trapped deep the
sample volume. The capacitanCewas measured in situ
thanks to the method described in ref 12. For phigpose,

Vs was set to +50 V by biasing the sample holder. The
sample surface is then irradiated with pulses e¥/5Due 3
to the high positive/s and low energy incident electrons, 30 J
we may reasonably assume that the emission yield
almost zero and that the entire incident chargeanesnon
the sample surfac€ is then deduced from the slop @f
versusdVs characteristic shown in figure 2. For instarCe,
is found to be 3.2 pF for BN/sample-holder system.
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l'ilgure <. capacitance measurement or tne
BN/sample holder system: surface potential
variation as the function of the injected
charge. Vs=+0V and Ei=5¢V.

[1. Results and discussions

The measured TEEY for S)OBN, BNSIOQ, and
Al,O3 are shown in figure 3. A comparison of the valogs
the first critical energy measured in this studyhwihose
measured in other studies is given in tableEd, was

Table 1: Comparison between thefirst crossover
energiesmeasured in thiswork and those
already published.

found to be quite different from that already meaduFor This
instance Viel-Inguimbett and Dunaevsky et df reported Material | Ref. 14 | Ref.1§
respectivelyEq; = 30 eV and 35 eV for BN, whereas our

measurements indicate thaE;; = 50 eV. This EN 28 ex gg e\)/ i’g e\>/
disagreement is not totally surprising. Indeed, the 'OZ. € € €
secondary electron escape depth is of the ordiwohim, BNSIO, |60eV / 40 ev
thereby, the EEY is extremely dependent on the ipays Al20; 18 eV / 22 eV

chemistry of the surface and its microstructure.islt

therefore likely that the treatment applied to theface before irradiation (polishing, chemicalaciimg®, heat
treatmert’ as well as contamination induced by irradiattpaffect significantly the electron emission prages
particular at low energies. BN appears to be theera with the highest first cross over energy &i@, to have
the lowest one. BN/Si)compose of BN and Si&eems to be much more influenced by BN than by.SiO
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Figure 3: (a) Electron emission yield for pristine SiO,, Al,O3, BN and BN/SiO,. (b) Zoom
around thefirst crossover energy. Thelinesareonly aguidefor eyes

It also appears that the notion of electron emisgield depends on irradiation conditions. The @feof
sample ageing under electron bombardment on the ®WEM investigated only for BN and /8 samples. In
figures 4 and 5, the yields of BN and,@} are plotted showing their evolution during elentigadiation at 200 eV.
The emission yield of BN grows rapidly (typically5enC/cm?2) with electron dose, whereas that glOAlreduces
slowly (typically 5mC/cm?). As a consequence, tinst fcrossover energy for BN decreases and conyetisat of
Al,O; increases as it is shown in figure 6. AlthoughQ3lhas a first energy crossover approximately tweesim
lower than that of BN before aging, the first cimss energies of these two materials becomes cablegrand
even slightly higher for AD; after an electron exposure of 5310 /cm2.
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Figure 4: Effect of the electron irradiation Figure 5: Effect of the electron irradiation
(ageing) on the TEEY of BN. Thelinesare only a (ageing) on the TEEY of Al203. Thelinesare
guidefor eyes only aguidefor eyes

Two possible mechanisms may be considered for ¥ ¢ghanges with electron dose:

(i) electron beam induced deposition of hydrocarboarlégontamination);
(ii) surface and near surface composition changes daduoed by electron irradiation.
4

The 32nd International Electric Propulsion ConfecenWiesbaden, Germany
September 11 — 15, 2011



Interesting result is shown in figure 7: after mgrithe vacuum chamber during several hours and mgmp
again, the EEY of the AD; increases. It is important to note that similaperience was made with BN: no EEY
change was observed. So the more likely explanatiohe aging effects on the EEY variation for@{ is electron
induced surface composition change. Indeed, moficas of oxides are not stable under irradiatiéh vonizing
particles, but decompose with a loss of oxygeim particular, AJO; reduction to aluminium in metallic state under
electron irradiation is a well known phenomenon esmac already observéd.?* This phenomenon is expected to be
enhanced at low incident electron energies. Refigrto the literatur®, electron induced nitrogen desorption from
BN was only expected and observed at higher teriyesa(typically 900 K-1100 K). However, our measuents
(decrease OEc; with electron dose) highly suggest that electrearb induced surface modifications arise during
the irradiation at room temperature. The invesiigaon the origin of these surface modificationsus of the scoop
of this paper.
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Figure 6: Effect of the electron irradiation (aging) Flgure /: ETTect Of theair exposure on the
on thefirst crossover energy of Al,O3; and BN. EEY of Al,Os. Thelinesareonly a guide
for eyes
On the studied materials, electron current densi 3 4 12006V
effects have not been observed (in the 1 to 100nA/c
range), while it can be observed in other mateiirals 34 5—85ev
which charge carriers have a higher mobility. Thi '
effect could be observed at higher electron curre
(more representative to HET) or at higher tempreat 3.2 1
since charge carrier mobility is increased b > \
uw 3
w

temperaturé®
In opposition it appeared that trapped charge
effects®* can be measuréd.Figure 8 shows the 2.8 -

evolution of the EEY of silica due to charges
implantation. These measurements were obtained 2.6
the KP method by incremental irradiation, where th
surface potential was systematically kept slightl 5 4 ‘ ‘ ‘
negative by adjustment of the control electrod 0 5 10 15
voltage. Figure 8 presents the variations of th¥ BE

85eV and 1200eV. The accumulated charges Total AVs [V]

expressed in total surface voltage build up due to
positive charges accumulation. Figure 8. Influence of the accumulated charges

These EEY variations are explained as a (@ndresulting potential build up) on the electron

consequence of trapped charges on the electronicémission yield.
cascade induced by electron bombardment.
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IV. Practical consequences

Keeping in mind that the current density experiredrtty the ceramic of HET (1 A/cm? or m&)ds six orders
of magnitude higher than that used in this expeminfel0uA/cm2) and knowing that electron inducesposition
changes is enhanced with:

(i) decreasing the incident electron enéfgynd
(ii) increasing the temperatdfe

the ageing effects on the EEY should be reinfoiioetthe ceramic irradiated with electrons of onlyesal tens of
volts and heated to a temperature of 800K-1100Kaddition to the effects of the electron irradiatiion erosion
continuously modifies the surface and near surtareposition and topography. As the EEY highly defsehoth
on the surface roughné$s' and the chemical composition, obviously the seaopémission evolves during the
life of HET. Thus, if a low secondary electron yiehaterial is required for optimal thruster opematias it was
suggested™, selecting ceramic materials on the bases of thsireceived" EEY is probably not the best styateg
Accordingly, the question that seems to be the maetant is rather which material is likely to peeve a low EEY
or better, to decrease it all life long of the #tar.

Furthermore, electron emission under electron ohpepends on electrical charges implanted in targe
materials. The practical consequence is that iritiaddto electrostatic effects, the electron enuasyield will
depend on the accumulated charges in the ceramtierimla This accumulation is a function of the diea rate
(irradiation current) and of the relaxation ternff(csion and conductivity) that depends on cerataioperature.

V. Conclusion

Measurements of electron emission yield of sevenatierials of HET interest have been done. We hhoas
that materials exposed to electron bombardmentvevad that the EEY and in particular the first smser energy
change when the material is exposed to electroa dbfew mC/cmz2. This change was attributed toasiefand/or
near surface composition change induced by thdrefearadiation. In addition, the amount of impled charge
also influence the electron emission yield, so that HET, the EEY depends on the wall equilibripatential. The
first crossover energy is a key parameter in a rmirobHET simulation models. This parameter is Uguwetracted
from measurements performed on pristine samplasatlhahopped to be free from charges. Our resigtdight that
the EEY measured on channel material that havemtred the specific HET environment could be Bfferent
from that of the same material under HET working@. Be somewhat more representative, the EEY must be
measured on materials that have been aged undeidsotnd electron irradiation. The work is in pregs in this
way.
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