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Electron Emission Properties of Space Used
Dielectric Materials
M. Belhaj, T. Paulmier, D. Rodgers

measured under electron irradiation and VUV irradiation. The
effect of the variation of the incident electron flux on the
electron emission yield (EEY) was also investigated.

Abstract— an experimental investigation of electron emission
proprieties of spacecraft representative materials was done at the
Onera under ESA contract N° n°4000104742. Some of the the
results are reported. The measurements include the electron
emission yields as well as the energy distribution of the secondary
electrons. The effect of the incident current flux on the EEY is
also investigated.

II.

A. Experimental setup
The secondary electron measurements where performed
with DEESSE facility available at Onera-Toulouse. DEESSE
has been specially designed and developed to study the
electron emission from electrically conducting or insulating
materials. A description of the experimental setup is shown in
Fig. 1.

Keywords— electron impact, dielectrics, secondary electrons.

I.

EXPERIMENTAL

INTRODUCTION

Electrostatic discharges (ESDs) have been proven to cause
power losses and other anomalies on satellites in LEO and
GEO. A critical quantity that has to be predicted, is the
voltage reached by different regions of the satellite surface. In
addition to high-voltage charging leading to ESD, knowledge
of low-voltage charging is also essential for the interpretation
of plasma environment measurements on scientific spacecraft
like JUICE. This voltage is partly related to the electron
emission proprieties of the irradiated spacecraft surfaces.
Thus, the knowledge of the electron-emission proprieties of
space used dielectric materials is highly required for accurate
spacecraft charging modelling and is an essential input to tools
like SPIS. The electron emission proprieties are extremely
dependent on the material composition and surface
morphology. A small modification of the material composition
or processing induced potentially a significant variation of the
emission proprieties. The electron emission is very complex
phenomenon involving many elementary interactions
(electron-electron, electron–lattice, electron-defects, etc.). The
physics of the electron emission could be rigorously modelled
for only few materials. To update the databases in accordance
with used new materials, measurement of the emission
proprieties is always needed. Recently an experimental
investigation of emission proprieties of spacecraft
representative materials was done at the Onera under ESA
contract N° n°4000104742. The investigated materials are
cover-glasses, kapton and CFRP. The electron emission yields
as well as the energy distribution of the emitted electrons were
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Fig. 1. DEESSE Facility
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procedure is effective (Fig. 3). In some cases (relative high
surface conductivity), spacing the electron pulses can be also
effective to minimize charging. The energy distributions of
emitted electrons were measured with the help of a Retarding
Feld Analyser (RFA). During the RFA acquisition, the samples
were irradiated by a short electron pulses. Typically, five
electron emission yields curves were measured for each
sample. An example of dispersion is illustrated in Fig. 4. First
the integrated incident current per pulse was measured with the
help of the faraday cup and then the integrated sample current
per pulse, IS, was measured five times (five pulses). The
average EEY curve is presented in Fig. 5. The error bare
corresponds to the 2x standard deviation.

Cryogenic pump associated to oil-free molecular-diaphragm
pumps allows the system to be maintained at vacuum level
down to 10-7 mbar. The facility is equipped with two Kimpball
physics electron guns: ELG-2 (1eV-2 keV) and ELG-2022B
(50 eV-5 keV). A hemispherical electron-collecting electrode
(collector) faces the sample surface. The collector and the
sample holder can be biased independently to chosen
potential. Specimen and collector signals are monitored using
350 Mhz TDS5034B oscilloscope. The electron beam
incidence is set normal to the sample surface. The primary
beam current is measured prior and after the sample
irradiation using a Faraday cup connected to a Keithley 6485
electrometer. Beam pulsing is obtained by applying few µs
long positive voltage pulse to the negatively biased Whenelt
electrode. Secondary electron measurements between 5 keV
and 20 keV were performed in CEDRE facility available at
ONERA Toulouse. CEDRE is vacuum chamber (1m diameter
and 1m long cylinder) equipped with a diffusion pump
associated to cryogenic trap permitting to reach 2 10-6 mbar
during the experiments
B. Samples
Five samples were analyzed in this study:
-

Aluminized Kapton-50µm obtained from Dupont®
CRFP
CMX-100 UVS manufactured by Qioptiq
CMX-150 Std manufactured by Qioptiq
CMX covered ITO

Fig. 3. Discharging procedure: the surface potential is measured with a help
of a Kelvin Probe after the discharging procedure.

It should be noticed the CRFP was introduced into the vacuum
as it was received (Fig. 2).

Fig. 2. CFRP sample placed on the sample holder.

C. Methods
The major difficulty to measure the electron emission
yield of insulators is that the sample charges under electron
irradiation. Charging affects both the transport of emitted
electrons and the incident electron beam. In order to minimize
charging during the yield measurement, the electron beam was
pulsed (pulse duration typically 5 to 20 µs). After each electron
pulse the sample is discharged if charging was noticed. This is
achieved by alternating short electron pulses where the yield is
lower than one when the sample is positively charged and
where the yield is higher than one when the sample is
negatively charged [1-3]. The surface potential is ordinarily
measured after the discharging procedure to ensure that the

Fig. 4. Illustration of typical of current measurement reproducibility on
CMX 100 UVS sample.
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TABLE I.

ELECTRON EMISSION YIELD PARAMETERS OF THE FIVE
STUDIED SAMPLES

s

Sample

EEY max

Emax (eV)

EC2 (eV)

CFRP

1.39

422

1400

1.77

ITO

2.37

236

3000

1.54

Kapton 50 µm

1.46

245

800

1.77

CMX 100 UVS

2.23

260

3800

1.50

CMX 150 Std

2.36

236

2500

1.63

B. Secondary electron spectra
The energy distributions of secondary electrons were fitted
using the following expression:

N ( E )

(2)
where W is the work function for metals. The secondary
electron spectra were measured under 1 keV electron
irradiation. The curves parameters extracted using the
expression 2 are listed in TABLE II.

Fig. 5. The average electron emision curve obteined on CMX 100 UVS.

III.

RESULTS

A. Electron Emission yields
The electron emission yield curves of the five samples are
shown in Fig. 6. The EEY curves were fitted using the
following expression:
(

(

)

E
(E  W )4

) (1)

E is the incident electron energy, Emax is the incident energy
corresponding to the maximum of electron emission; EEY0 is
the electron emission yield at zero energy, EEYmax is the
maximum of the electron emission yield and s is an exponent
factor. The extracted EEY curves parameters with the second
crossover Energy EC2 values are shown in TABLE I. The EEY
of cover glasses are significantly higher than that of CFRP and
Kapton. In particular, the second crossover energy of Kapton
and CFRP is 2 to 3 keV lower than that of cover glasses. It
should be noticed that the CRFP could not be considered as a
conductor material. We have observed that CFRP charge
significantly under electron irradiation.
Fig. 7 Energy distribution of emitted secondary electrons from CFRP under 1
keV electron irradiation

.

TABLE II.

SECONDARY ELECTRON SPECTRA PARAMETERS

Sample

W (eV)

CFRP

4.4 eV

ITO

4.2 eV

Kapton 50 µm

4 eV

OSR CMX 100 UVS

5.5 eV

CMX 150 Std

4.5 eV

C. Current density effect
The effect of the current density on the electron emission
yield was investigated on the five samples and on the
aluminium surface of the sample holder. The current density

Fig. 6. Electron emission curves of the five studied samples
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IV.

was varied from 13 nA/cm² to about 500 nA/cm². The electron
emission yields measured at 300 eV under 13 nA/cm²
irradiation was taken as reference.

CONCLUSION

The electron emission properties of five surface spacecraft
materials were measured. The EEY as well as the secondary
electrons energy distributions were fitted with analytical
models. The models parameters were extracted and tabulated.
It was observed that the EEY for the studied cover glasses are
highly sensitive to the incident current density. The practical
consequence of this observation is that the EEY measured in
laboratories (with high incident current flux, tens nA/cm²)
maybe significantly lower than that of dielectrics in the space
environment irradiated with few pA/cm². Given that the EEY
sensitivity to the incident electron current is linked to the inner
space charge generated by the irradiation, it’s obvious that the
temperature variations should affect also the EEY. In the
context of the spacecraft applications, the flux of incident
particles effect as well as the temperature effect deserves to be
analyzed in depth.
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Fig. 8. Effect of the incident current density on the electron emission yield.
Electron irradiation was performed at 300 eV

Fig. 8 shows that the EEY is highly sensitive to the
variations of the current density. For cover glass samples we
observed that lower is the electron flux; higher is electron
emission yield. The effect of the current density was not
observed for kapton in the investigated current density range.
The current density effect was already observed by many
authors [9-11] in dielectrics materials. Indeed, the
accumulation of holes (positive charge) may lead to a
substantial reduction of the electron emission by acting
“internally” on the secondary electron transport to the surface
as well as their escape into the vacuum. The generated
secondary electrons, interacts with the holes and the inner
electric field with relatively high effective cross-section (10-1110-14 cm²) [5-8]. The higher the holes density, the lower the
mean free path of SEs. When the flux of incident electron is
low: Drift diffusion and recombination of holes and electrons
remains an efficient process that limits the holes density and
the inner electric field (see Fig. 9). However, when the flux of
incident electrons is high, these processes become less
effective to prevent the formation of a high density of holes.
The expected current density in the space environment (few
tens pA/cm²) is much lower than that used in the present
experiments.
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Fig. 9. Secondary electron emission attenuation mechanisms
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