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Abstract –Electron emission measurements have been performed on a BN sample by using a new
specific protocol and experimental set-up, which allows characterizing electron emission under
electron impact on resistive material in a short time and with a wide variety of extracted data: total
electron emission yield, emitted electron energy distribution, elastically backscattered electron
emission yield and energy efficiency of electron-surface interaction. Methodology, calibration,
biases corrections and results are presented in this letter. Results are compared to that measured
on another material SiO2. As there are few published data on electron emission at low incident
electron energy on BN sample, it is expected that these measurements could be useful for numerous
studies implying electron emission on BN surface.

The electron emission characteristics at low incident
electron energy (few hundreds of eV and lower) are scarce.
Nevertheless, the knowledge of electron emission at low
energy is highly needed for several applications. In space
industry, electron emission impacts Hall Thrusters plasma
behavior used for satellites attitude control and orbit ris-
ing [1, 2] which could be critical due to the emitted elec-
trons transit from one wall to another leading to a reso-
nance phenomenon [3]. Besides, dielectrics materials —
and specifically BN–SiO2 and BN — are massively used
for Hall thrusters channel wall [1, 2, 4]. In this context,
electron emission is also critical for the design and manu-
facturing of satellites RF components such as wave-guides
[5] and ceramics are also used in these components [6, 7].
Besides, electron emission has also an incidence on other
applications such as particles accelerators [8,9], fusion re-
actor functioning (in particular near divertors) [10] or for
dusty plasma modelling in fusion reactors or space [11–13].
For these reasons during the last decades a renewed inter-
est has been shown for electron emission especially at low
energy [14] and on dielectrics [15].

However electron emission measurements are complex
on ceramics due to the charging effects [15]. A method
of electron emission measurement on dielectrics, which es-

sentially relies on the use of tens of nanometers thin sam-
ples, was used and measurements results are presented in
this letter. This method frees up the measurement pro-
cess from ceramics high resistivity and allows thus carrying
out these measurements. Electron emission measurements
were performed on a thin BN layer deposited on a copper
substrate by plasma sputtering. Five characteristic val-
ues of electron emission are extracted from measurements
on the BN samples and are presented in this letter: the
total electron emission yield, the elastically backscattered
electron emission yield, the emitted electron energy distri-
bution and the energy efficiencies of electron-wall interac-
tion for monoenergetic incident electron beam (RE) and
Lambertian distribution of incident electrons (RT).

Electron emission is the result of three phenomena: sec-
ondary electron emission, elastic backscattering and in-
elastic backscattering. Secondary electron emission is the
ejection of electron due to ionization process under the
impact of incident electrons. Most of the secondary elec-
trons are emitted in the vacuum with an energy of a few
eV. Elastic backscattering is the reemission of incident
electrons which only endured elastic collisions in the ma-
terial. They reemerge in the vacuum with an energy equal
to the incident energy (E0). Inelastic backscattering is
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the re-emission in the vacuum of incident electrons which
encountered at least one inelastic collisions in the mate-
rial. They reemerged in the vacuum with an energy lower
than E0. The secondary electron emission yield (noted
δ) is the ratio of the emitted secondary electron flux (Γse
[m−2 s−1]) on the incident electron flux (Γ0 [m−2 s−1]).
Elastically backscattered electron emission yield (noted
ηe) is the flux of elastically backscattered electrons (Γeb
[m−2 s−1]) on the incident electron flux. Finally, the in-
elastically backscattered electron yield (noted ηi) is the
flux of inelastically backscattered electron (Γib [m−2 s−1])
on the incident electron flux.

δ =
Γse

Γ0
ηe =

Γeb

Γ0
ηi =

Γib

Γ0
(1)

The sum of these three terms is the total electron emis-
sion yield (noted σ):

σ =
Γe

Γ0
=

Γse + Γeb + Γib

Γ0
= δ + ηe + ηi (2)

In eq.(2), Γe [m−2 s−1] is the total emitted electron flux.
The emitted electron energy distribution is defined as the
normalized derivative of emitted electron flux with respect
to the emitted electron energy:

δEΓe =
1

Γe

dΓe

dE
(3)

Measurements have been carried out at very low inci-
dent electron energy (between 10 eV and 1000 eV), and at
room temperature on an ultra-high-vacuum experimental
set-up specially designed for electron emission measure-
ment at low energy. As electron emission depends es-
sentially on the material properties on the first tens of
nanometers of the sample, it is essential to ensure the sam-
ple cleanliness. To do so, the BN samples were eroded with
an ion gun before measurement and the samples surface
cleanliness has been controlled by Auger Electron Spec-
troscopy and X-ray photo-electron spectroscopy.

Total electron emission yield measurement protocol ex-
posed in [16] consists in measuring incident electron cur-
rent and emitted electron current. The total electron emis-
sion yield is then deduced according to the current con-
servation law. Elastically backscattered electron emission
yield data can be deduced experimentally from the emit-
ted electron energy distribution and total electron emis-
sion yield measurements as shown in [17]. Indeed, as the
emitted electron energy distribution data are normalized,
the proportion of elastically backscattered electrons on the
total number of electrons is equal to the integral of the
emitted electron energy distribution under the elastically
backscattered electrons peak (cf. colored area on Fig.1).
The elastically backscattered electron emission yield value
can then be obtained by multiplying this value by the total
electron emission yield:

ηe(E0) = σ(E0)

∫ Ee,sup

Ee,inf

δEΓe(E,E0).dE (4)
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Fig. 1: EEED of BN sample irradiated with E0 = 90 eV. The
area under elastically backscattered electrons peak (used for
EBEEY calculation) is higlighted

In eq.(4), Ee,inf[eV] is the energy at the beginning of
the elastic peak and Ee,sup [eV] the energy at the end
of the elastic peak. Emitted electron energy distribution
measurements are very sensitive and need to be calibrated
as it has been shown in [18].

Energy efficiency of electron-wall interaction (RE) is the
ratio of the total kinetic energy of the emitted electrons
during electron emission on the total kinetic energy of the
incident electrons to the wall. RE measurement method-
ology and calibration are described in [18].

RE(E0) =
Γe 〈Ee〉
Γ0E0

= σ(E0)
〈Ee〉
E0

(5)

With 〈Ee〉 [eV] the mean energy of the emitted elec-
trons. RE is measured on BN sample for a monoenergetic
incident electron flux.

Samples charging is usually the major obstacle to elec-
tron emission measurements on dielectric material. In or-
der to prevent it, electron emission measurements have
been carried out on samples with a thickness below
100 nm. This method is only applicable for electron emis-
sion measurements at very low E0 (E0 < 1000 eV) so
that incident electrons penetration depth remains below a
dozen of nanometers [19,20]. The samples were produced
using a method described in [21]. Fig.2 shows the BN
sample charging relatively to the imposed sample holder
potential bias (ϕ) by the incident electron flux, that is,
the total surface potential minus the bias (Vacc = −20V).
It can be observed that, thanks to their very low thick-
ness, ϕ is saturated to a few volts (ϕ between −2.7V and
2.5V, cf. Fig.2) and that total surface potential always
remains negative preventing any emitted electrons recol-
lection. On the electron emission measurements, residual
charging bias is corrected by using the emitted electron
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Fig. 2: Surface charging of BN sample depending on the inci-
dent energy E0 measured from EEED offset

energy distribution measurements as described in [18].
Total electron emission yield measurements are pre-

sented on Fig.3 as a function of the incident electron en-
ergy E0. Several values of interest can be noticed on this
figure. First of all, it can be observed that the first point
of crossover of BN is reached for E0 = 37 eV and that
the maximum of total electron emission yield is equal to
σmax = 2.19 at E0 = Emax = 281 eV. BN total elec-
tron emission yield has been compared to SiO2. It can be
observed that total electron emission yield is twice lower
on BN than on SiO2. Measurements have been fitted
with Vaughan’s [22] and Sombrin’s [5] models. For both
models, parameters and correlation coefficient are summa-
rized in Table.1. It can be seen that both fitted models
are in good agreement with experimental data. On this
figure, total electron emission yield model presented by
Sydorenko in his Ph.D. [23] and that has been used in
several articles [24,25].

Fig.4 shows a comparison between total electron emis-
sion yield values measured during this work and values of
total electron emission yield measured by Dunaevsky et
al. [26] and by Bugeat et al. [26]. It can be observed that
there is a good correlation between experimental values
that have been measured here and the ones measured by
Dunaevsky et al. Nonetheless this paper allows extending
available data about electron emission on BN. Indeed this
work shows original values of electron emission on BN such
as total electron emission yield as a function of incident
electron energy and for several incident electron angle (cf.
Fig.8 and 9), elastically backscattered electron emission
yield (cf. Fig.5), energy efficiency of electron-wall interac-
tion for a monoenergetic incident electron flux (cf. Fig.6)
and for Lambertian distribution of incident electrons (cf.
Fig.7).

Fig.8 and 9 show the measurements of total electron
emission yield as a function of incident electron energy and
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Fig. 3: Total Electron Emission Yield of BN and SiO2 samples

for several incident electron angle. It can be observed that
the total electron emission yield increases with incident
electron angle to the surface normal. These experimental
data can be fitted with Vaughan fitting formula [22]:

σ(E0, θ0) = σmax(E0, θ0) [v(E0, θ0) exp(1− v(E0, θ0))]
k (6)

v(E0, θ0) =
E0

E0,max(θ0)
(7)

E0,max(θ0) = E0,max(θ0 = 0)

(
1 +

ks

π
θ20

)
(8)

σmax(θ0) = σmax(θ0 = 0)

(
1 +

ks

2π
θ20

)
(9)

Where E0,max(θ0 = 0), σmax(θ0 = 0) and k are given
in Table 1 and ks has been taken equal to 1. Figure 9
shows good correlation between experimental data and
Vaughan model for incident electron energy lower than
200 eV. This set of measurements has not yet been pub-
lished and presents interest for electron emission modelling
as it is common that incident electrons hit the material
surface with an incident angle other than normal to the
surface.

Elastically backscattered electron emission yield of BN
is represented on Fig.5 as a function of the incident energy.
It can be observed that the elastically backscattered elec-
tron emission yield on BN is more than three times lower
than on SiO2. The energetic efficiency of electron/wall in-
teraction can be observed on Fig.6. In order to represent
a realistic case of interaction between the electrons of a
plasma and a wall, RE values have been integrated on a
Lambertian distribution of incident electrons and are pre-
sented as a function of incident electron temperature (T0,
cf. Fig.7). To ease data use, RT data have been fitted
and the curve expression, parameters values and correla-
tion coefficient can be found in Table.1. It can be observed
that RE and RT of BN are three times lower than for SiO2.
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Table 1: Vaughan and Sombrin fitted models, parameters and correlation coefficients
Models Corresponding

curve
Equations Parameters Correlation co-

efficient

Vaughan TEEY

{
σ = σmax(ve

1−v)k

v = E0

Emax

Emax = (299± 2) eV
σmax = 2.016± 0.003
k = 0.563± 0.007

R2 = 0.99664

Sombrin TEEY


σ(E0) =

2σmax

(
E0

Emax

)α

1+
(

E0
Emax

)2α

α =
ln
(
σmax−

√
σ2
max−1

)
ln
(

EI
Emax

)
σmax = 1.995± 0.004
Emax = (293± 3) eV
EI = (37.1± 0.6) eV

R2 = 0.99591

RT fitting model RT(T ) RT(T ) = a− b · e−T
c

a = 0.1718± 0.0002
b = 0.0850± 0.0008
c = 68± 1

R2 = 0.999 11
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Fig. 4: Comparison between total electron emission yield of
BN carried out in this study and extracted from literature.
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Fig. 5: Elastically backascattered electron emission yield of BN
and SiO2 samples as a function of the incident electron energy
E0 at normal incidence.
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Fig. 6: Measurements of RE as a function of incident electron
energy for BN, SiO2, Silver and Graphite samples with a mo-
noenergetic incident electron beam of energy E0
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Fig. 7: Measurements of RT as function of the incident electron
temperature for Lambertian distributed incident electron beam
of temperature T0 [eV]
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Fig. 8: Measurement of BN total electron emission yield (sym-
bols) for an incident electron energy (E0) between 0 eV and
1000 eV and for an incident electron angle (θ0) between 0◦ and
40◦. Comparison with Vaughan’s fitting model (dashed lines).

During the last decade much has been done to reduce
wall effect on plasma behavior, for example, by testing the
effect of very low emissive channel wall material (such as
carbon velvet) on Hall thrusters performances [27], and
changing magnetic configuration to reduce electron wall
interaction [4]. Nonetheless BN and BN–SiO2 channel
walls remain an industrial standard and total electron
emission yield measurements on BN (cf. Fig.3) highlights
that using BN instead of BN–SiO2 walls tends to increase
electrons losses in term of number and energy at the walls.
Besides, lower total electron emission yield induce a higher
first energy of crossover. Thus, using ceramic materials
with low total electron emission yield (like BN) could al-
low increasing transferred power in satellites RF compo-
nents. Moreover, it is known that elastically backscattered
electron emission yield plays an important role in charg-
ing phenomena on satellites solar-array and multipactor in
RF components. Choosing materials with low elastically
backscattered electron emission yield could allow reducing
this kind of parasitic phenomena. Finally, depending on
the considered issue, it could be interesting to choose ma-
terial with low or high RE (and RT). Material with low
RE and RT could allow absorbing the energy of an elec-
tron flux in order to stop the process. On the contrary,
materials facing an intense electron flux could limit energy
absorption by choosing wall high RE (and RT).

In this letter, the total electron emission yield, the elas-
tically backscattered electron emission yield and the emit-
ted electron energy distribution measurements of BN have
been measured and it has been shown that it presents
lower total electron emission yield, elastically backscat-
tered electron emission yield and RE compared to SiO2.
These new experimental data would be useful for numer-
ous technological applications, especially in space indus-
try. In particular it can be observed that the fitted models
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Fig. 9: Measurement of BN total electron emission yield (sym-
bols) for an incident electron energy (E0) between 0 eV and
200 eV and for an incident electron angle (θ0) between 0◦ and
40◦. Comparison with Vaughan’s fitting model (dashed lines).

of total electron emission yield presented here strongly dif-
fer from the one presented by Sydorenko in his PhD. (cf.
Fig.3, dotted green line) [23] and used in several articles
[24, 25]. The current measurements and fits show indeed
a total electron emission yield which is only two third of
the one given by Sydorenko.
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