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Abstract

®

CrossMark

The recent high demand of secondary electron emission yield (SEY) measurements in dielectric
materials from space industry has driven SEY laboratories to improve their facilities and
measurement techniques. SEY determination by the common capacitive method, also known as
pulsed method, is well accepted and has given satisfactory results in most cases. Nevertheless,
the samples under study must be prepared according to the experimental limitations of the
technique, i.e. they should be manufactured separated from the devices representing faithfully
the surface state of the own device and be as thin as possible. A method based on the Kelvin

probe (KP) is proposed here to obtain the SEY characteristics of electrically floating Platinum,
Kapton and Teflon placed over dielectric spacers with thicknesses ranging from 1.6 to 12.1 mm.
The results are compared with those of the capacitive method and indicate that KP SEY curves
are less sensitive to spacer thickness. An explanation based on the literature is also given. In all,

we have established that KP is better suited for the analysis of dielectric samples thicker than

3 mm.

Keywords: dielectrics, secondary electron emission yield, Multipactor in space devices

1. Introduction

Satellite communication devices use high power radio fre-

quency (RF) signals operating under ultra-high vacuum. In
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these conditions, free (primary) electrons penetrating inside
the component can be accelerated by the high electric fields
present, eventually colliding against the component walls.
Depending on their kinetic energy, primary electrons are
expected to be either captured or backscattered, and their
energy may be transferred to the electrons of the material,
which might subsequently escape from the surface in a pro-
cess known as secondary electron emission [1]. If during
operation secondary electrons are then accelerated towards
the opposite direction, an avalanche effect might break out,
reflecting the RF and causing both: communication loss and a
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potential damage of the components. This process is known as
Multipactor Effect [2]. To prevent this undesirable RF break-
down, it is of paramount importance to characterize the sec-
ondary emission yield (SEY) of the materials involved in
the manufacture of space RF components. The characteriza-
tion technique is well-known and relatively easy to perform
in good electrically conductive materials, since this property
hinders surface charge accumulation. On the contrary, SEY
measurements of dielectric materials has become a challen-
ging process. Dielectrics might acquire positive or negative
surface charge depending on the energy of the primary elec-
trons. Therefore, it is mandatory to electrically neutralize the
sample before the acquisition of each SEY curve. Otherwise,
the charge accumulated at the sample surface will repel or
attract the incident electrons, compromising the measurement.
With the aim of avoiding the charging effect, the capacit-
ive method is typically used, and the surface charge level is
determined by indirect experimental calculations [3, 4], redu-
cing the reliability of the results. Additionally, the main draw-
back of this method when applied to dielectrics is that it is only
applicable to thin dielectric samples. Indeed, it may introduce
considerable measurement errors if inappropriate sample geo-
metries and thicknesses are used: the radiated front side and
the pristine back of the sample act as a capacitor that inter-
acts with the secondary electrons, changing the measured yield
[5]. The Kelvin probe (KP) technique [6, 7], on the contrary,
gives a measure of the surface voltage modified by the char-
ging process. In this way, KP provides a direct verification of
the presence of charge on the surface. Knowing the voltage
variation, (AV), and the capacity (C) of the system, which
can be experimentally determined by the same technique, the
induced charge can be easily calculated (Q = CAV).

In this paper, we study the SEY characteristics of Platinum,
Kapton and Polytetrafluoroethylene (PTFE) placed over
dielectric (Teflon) spacers of thicknesses ranging from 1.6 to
12.1 mm. The evolution of the SEY parameters obtained by
the capacitive and KP methods are compared, analyzing the
limitations and viability of the techniques.

2. Experimental setup and measurement methods

The facility used to develop this work is placed inside a
10.000 class (ISO 7) clean room with controlled temperature
and humidity at the ESA-VSC High Power Space Materials
Laboratory [8]. It was designed to measure the SEY charac-
teristics of large samples and devices. In a vacuum chamber
that reaches vacuum levels in the range of 10-8 mbar, two
electron guns (e-guns) were installed to provide electron radi-
ation in the energy range between 0 and 5000 eV in normal
incidence. However, for this work SEY studies are restricted to
energies between 0 and 2000 eV. The electron gun used in this
study provides a Faraday cup, which is positively polarized at
+59 V to measure dependably the primary current. The facility
also provides a system composed by a Helium cold head and
heating resistances that allows to vary the temperature between

room temperature (~23 °C). A Deuterium ultra-violet (UV)
lamp (HAMAMATSU L15094) which provides photons with
wavelengths from 115 to 400 nm is also installed and used for
surface discharging. Finally, a KP system is also provided, and
configured to work in vacuum, simultaneously with the e-gun.
As it was mentioned above, in this study SEY measure-
ments were performed using two methods: common capacitive
and KP. We will describe first the fundaments of the SEY capa-
citive method. In this case, due to the appearance of surface
accumulation charge, when dealing with dielectric samples
the current balance assumed in metallic samples cannot be
applied. Accordingly, very small electron doses (~107 elec-
trons) are used to reduce charging effects. To measure the SEY
coefficient properly, the following formula is used:

sey=% & (1)

% O

Here, Q, represents the total primary charge obtained by time-
integrating the incident current (primary pulses) measured
using the Faraday cup and Q, is the charge produced by the
secondary electrons. Qs is the image charge obtained by time-
integrating the current through the holder at the rear side of the
sample, as indicated in figure 1(a). Since the primary charge
equals the sum of Q, and Oy, the equation can be reformulated
as shown in the second expression of equation (1), containing
easily measurable terms. These relations hold because the geo-
metry of the sample allows to model it as a capacitor, formed
between the upper and the lower sides of the material under
analysis [5].

Regarding the KP method, the basic assumption considers
that the surface potential will depend on the surface charge
evolution, that is, the greater the number of emitted secondary
electrons, the greater the induced variation in potential. This
effect can be used to measure SEY by means of KP, as shown
in detail in [9]. Considering that the sample forms a global
capacitance C with the vacuum chamber, the trapped charge
at the sample surface can be estimated by:

0, = CAV(d) 2)

where C will be later experimentally determined following
the procedure explained in [9], and AV(d) is the difference
surface potential before and after electron radiation which
depends on the sample thickness d along the vertical direction
(z-axis).

In ideal conditions, both KP and capacitive methods should
be equivalent, that is, Qs should be equal to Q. SEY can then
be calculated as:

SEY:]—%zl—%. 3)
o O

However, values for Qs and Q; may be different, depend-
ing on the experimental and geometrical conditions, as shown
in [6]. In the KP method, the equivalent capacitor to measure
AV is formed between the KP tip and the irradiated zone. The
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Figure 1. Equivalent capacitor formed in the capacitive (a) and the KP (b) methods for SEY measurements in dielectric materials.

the KP software, being therefore independent on the sample
geometry, as it can be observed in figure 1(b).

The following general protocol was followed to repro-
duce SEY curves using both methods. (i) Each point of the
SEY curve corresponds to a specific energy of the incid-
ent primary electrons (Ep). (ii) Before the sample is irra-
diated, it is discharged by applying UV radiation for two
minutes while it is grounded. It was demonstrated by exper-
imental measurements that two minutes was enough time to
discharge the surface materials. This discharging procedure
is equivalent to the second one explained in [10]. (iii) Each
point was obtained by irradiating with a single primary elec-
tron pulse. (iv) While it is irradiated with the electron pulse,
the sample is biased with a voltage of —29 V to avoid the
recapture of secondary electrons. (v) Before proceeding with
the next pulse, the sample is again grounded and illuminated
with UV light with the aim of neutralizing again the surface
charge.

Before and after the impact of each primary electron
pulse, the surface potential AV was measured by means of
KP. For each primary electron pulse, Qs was also registered
to reproduce the SEY coefficient using both expressions of
equation (1). The inaccuracies of the measurements for the
capacitive mode were estimated by obtaining experimental
data from a reference sample consisting of an electrically con-
tacted Platinum film. As a result, and considering the exper-
imental dispersion at the maximum SEY signal, an error of
0.05 was assigned to the SEY coefficient. For the KP mode,
the error propagation theory was applied to obtain a SEY error
of 0.3. The energy error was estimated to be around 3 eV for
all the SEY curves.

3. Sample design and characterization

Three thin (~100 pm) samples of Platinum, PTFE, and
Kapton were prepared in order to measure their SEY charac-
teristics on four Teflon spacers of 1.6, 3.1, 6.1 and 12.1 mm
thicknesses. PTFE and Teflon represent the same material.

However, throughout this work we will refer to the sample as

DTEL and tn tha cnanae ao Taflan Tha cmnnaea
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of Teflon due to its very low electrical conductivity [11] and
negligible leakage currents when it is placed directly on a
metallic electrode [12]. PTFE and Kapton were chosen con-
sidering their importance in space applications. For example,
the multilayer insulators used to thermally protect the satel-
lite made of Kapton, and a huge amount of wiring involved in
satellites is covered with Teflon. Platinum is used as reference
and was measured in two different modes: electrically contac-
ted and isolated (floating). In this last configuration, the SEY
from a metal can be measured using the KP method, which
must give the same results than contacted since the SEY prop-
erties only depend on the surface state of the material. We used
this characteristic to calibrate the SEY facility and verify the
measurement methods. Additionally, this configuration simu-
lates the floating metals in satellites due to the lack of ground-
ing. Figures from 2(a) to (d) illustrate the detailed set-up for
the Platinum sample electrically floating and placed over the
different Teflon spacers. Figure 2(a) shows the electron gun
(top) aligned with the KP (on the left) straight along the blue
solid line. Sample and spacer are placed on a copper sample
holder (bottom). The blue dashed line points to the axis of the
copper holder.

The study started with the experimental determination of
the capacitance C of each sample and spacer. However, since
the contribution of the different samples is very small com-
pared to the spacer, we will present only the results obtained
for the floating Pt reference sample. For each spacer we fol-
lowed five experimental steps, in a similar procedure as that
illustrated in [7, 9]: (i) The sample on the spacer was placed in
vacuum, grounded, and radiated with UV light for two minutes
to neutralize the system. (ii) UV radiation was stopped, and
the sample was biased with a potential of +56 V using bat-
tery supplied direct voltage to prevent electrons from escap-
ing the surface. (iii) The surface voltage, V;, was measured by
KP. (iv) The sample was bombarded by a single electron pulse
of 10 eV. This energy was chosen to provide a SEY lower
than 1, which ensures the capture of all electrons. (v) Finally,
KP was again used to measure the resulting surface voltage,
V}. The surface voltage variation AV = V;— V; was calculated
and attributed to the injected charge. Steps from (i) to (v) were

ranaatad cavaral timac nreavidina annnch valiiac Af N and AV
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Figure 2. Floating Platinum sample over Teflon spacers of 1.6 (a), 3.1 (b), 6.1 (c) and 12.1 (d) mm thicknesses.
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Figure 3. Capacitance determination as a function of spacer thickness: experimental points and linear fits (left); comparison between
theoretical and experimental values of the capacitance as a function of the inverse of spacer thickness (right).

to extract the capacitance by a linear fit to equation (2). Finally,
the injected charge dose was represented as a function of AV
in figure 3(a). For the fitting, corresponding to the full lines
in figure 3(a), only the points that follow a linear trend were
used. This avoided deviations from the ideal planar capacitor
induced by the electrostatic repulsion due to the large amount
of trapped charge. Throughout this work, data represented with
red squares, blue circles, green triangles, and orange diamonds
will always be related to spacer thicknesses of 1.6,3.1, 6.1, and
12.1 mm, respectively.

Black spheres in figure 3(b) show the measured capacit-
ance as a function of the inverse of the spacer thickness. The
theoretical capacitance was simulated by using the relation
C= 5,50(41 + Co, where d is the sample thickness, A the sur-
face radiated by the electron gun beam, Cj is the parallel
capacitance representing the contribution of the setup and, &g
and &, are the dielectric and the relative permittivity, respect-
ively. As expected from a simple parallel plate capacitor model
filled with Teflon (¢; = 2.1), the results follow a linear trend
compatible with a plate diameter of 23.2 4+ 0.3 mm, which
value is intermediate between the KP tip (15 mm) and the
Teflon spacer diameters (30 mm). This discrepancy is attrib-
uted to edge effects that are not included in this theoretical
model. Additionally, it is observed that the calculated capa-
citance is upward shifted by (1.20 & 0.07) 10~'2 F, indicat-

samples are much thinner than the spacer, the contribution of
the material samples to the whole capacitance was neglected.
These experimental values follow the theoretical trend, con-
firming that the developed experimental process was properly
designed.

As mentioned above, samples over different Teflon spacer
thicknesses were biased with a potential of +56 V for the cal-
culation of C, and with —29 V for SEY characterization. In
both cases, this potential corresponds to the copper holder.
Therefore, to determine properly the SEY curves, the real
potential at the sample surface according to its variation along
the vertical z-axis must be studied. For this purpose, each
Teflon spacer was electrically neutralized by UV radiation and
biased with —29 V. Afterwards, this potential was experiment-
ally measured using the KP system for all the spacers and
represented with black spheres in figure 4. Additionally, the
potential distribution along the z-axis of a conductive disk was
theoretically calculated and plotted in the same graph with
a black line. The formula used for the simulation is: Vs =
Vo(1 —z/V/R? + 72) [14], where V) is the voltage at the con-
ductive disk, R is the radius of the circular copper holder and
Z the distance parallel to the spacer thickness d. As it can be
observed in figure 4, experimental results and theory follow
the same trend with very close values. The discrepancies are
attributed to charges that remain bounded to the spacer, which



ing that the electrical setup contributes to an additional par-
allel capacitance [13]. On the other hand, since the designed
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sense, it is important to note that the theoretical voltage is
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Figure 4. Bias potential applied for SEY acquisition as a function
of the spacer thickness. Experimental values are represented with
black spheres and theory with the curve.

calculated along the disk z-axis, while the experimental values
were obtained off-axis (see figure 2(a) for visual clarification).
Considering this agreement between experimental values and
theory, the measured bias potential was used to shift the energy
axis of the SEY curves.

4. Experimental results and discussion

SEY curves were obtained using both the capacitive and KP
methods for all the samples over different dielectric spacers;
SEY data are represented in figure 5. SEY curves from
Platinum, Kapton and PTFE are shown in rows, respectively.
The first column shows the capacitive method (empty sym-
bols) and the right column the KP results (full symbols). Black
dots refer to the electrically contacted Platinum sample used as
reference. The dashed line indicates SEY = 1. Both methods
were applied at the same time without changing the sample
surface conditions between them. Therefore, the same gener-
ated charge at the material surface is evaluated by the capa-
citive and KP methods. Expectedly, the results should be the
same. Nevertheless, significant differences were found.

Prior to the analysis of the results, it is important to con-
sider that the samples used in this study were exposed to
air and no special cleaning protocol was followed before the
measurements. Considering that SEY characteristics strongly
depend on surface conditions [15, 16], variations between our
SEY values and previous studies [5, 17], where Platinum was
cleaned by Ar™ bombardment in vacuum, are expected. In
this sense, our results are more similar to those obtained by
Pintao and Hessel, where they attributed that difference to the
presence of possible impurities, such as an oxide layer on the
platinum disk [18]. The effect of contaminants on the SEY
of metals is well known, reducing the SEY once the surface
is clean. However, the study of the SEY of dielectrics under

in the literature. What is known is that in general terms the
maximum SEY of contaminants is below 2.5. So it is expec-
ted that after atmospheric exposure dielectrics reduce their
SEY [19]. Although, it has been observed that the SEY can
increase from 2.4 [20] to 3.5 [21] when it is measured in fresh
clean mica or exposed to air for a week, respectively. In our
case, we encountered this trend for the dielectric materials
involved in our investigation since they were exposed to atmo-
spheric conditions for weeks. For example, Balcon et al [7]
found a maximum SEY value of 1.7 for Kapton and a second
cross over at 500 eV, while we obtain a value close to 2.4
and 1600 eV, respectively. Nevertheless, our results for the
SEY maximum and second cross over for PTFE are close to
their Teflon sample [7]. The same comparison can be found for
Kapton and PTFE, respectively, in the compilation of experi-
mental results elaborated by Cazaux [22]. These differences,
however, are not relevant for the present study, focused mainly
on the comparison between the capacitive and KP techniques
for SEY acquisition, and the SEY variation with respect to
the spacer thickness. In the case of the Platinum sample used
as reference for capacitive and KP methods (black circles in
figure 5), it must be highlighted that SEY curves acquired with
the thinner spacer match very well with the reference (SEY
from Pt electrically contacted) in both methods. This feature
emphasizes that the SEY facility was properly optimized to
avoid external disturbances in order to obtain accurate and rep-
resentative SEY values. Although, it must be noted that SEY
curves from Platinum obtained by KP method (graph in the
first row and second column of figure 5) show a dispersion
between them not observed in the rest of dielectric materials.
We assume that this behavior is due to the error introduced by
the charges located outside the KP tip area, since they redis-
tribute in the whole Platinum surface due to its high electrical
conductivity. However, this dispersion can be included in the
SEY error obtained for the KP method.

First and foremost, it must be pointed out a remarkable res-
ult in figure 5 common for all the materials under analysis
between the SEY when the SEY is close to its maximum value,
obtained by capacitive (left column) and KP (right column)
methods: the large variation of SEY curves obtained by the
capacitive method when different spacer thicknesses are used,
while a lack of this dependency is found in KP results. This
variation is similar for all samples: SEY curves decrease as
the dielectric spacer thickness increases. According to many
works [4, 23, 24], it has been demonstrated that in dielec-
trics, the positive generated charge by primary electrons when
SEY > 1 is generated in the range of few nanometres far from
the material surface. Simultaneously, the image charge is pro-
duced at the opposite sample surface influenced by the gener-
ated potential at the irradiated surface, which has an inverse
dependence with the distance. This behavior reflects the fact
that the detected image charge at the rear side of the sample
by the capacitive method and the induced charge at the irra-
diated side are not the same. The influence of the spacer is
especially noticeable for thicknesses above 3 mm, introducing
a significant error in the SEY results obtained by the capa-
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citive method. In agreement with the fact that for thin films
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Figure 5. SEY curves from Pt electrically floating (first row), Kapton (second row), and PTFE (third row) measured using the capacitive

(left column) and KP (right column) methods.

the capacitance increases, leading to a lower surface potential
and therefore reducing the potential barrier and minimizing
the error associated to the capability of low energy electrons
to escape from the surface [3, 25]. According to the capa-
citor formed between both sides of the sample sketched in
figure 1(a), this effect is absent in KP measurements since this
method directly provides the surface potential induced by the
generated charge at the irradiated sample surface. Therefore,

the SEY measurement is not influenced by the dielectric spacer
thickness according to the formed capacitor shown schematic-
ally in figure 1(b). On the other hand, it is observed that SEY
curves obtained by capacitive (empty symbols) and KP (full
symbols) methods are very similar for the two thinnest spacers
(1.6 and 3.1 mm) for all the materials (red squares and blue
circles). Additionally, it is noticeable how all the SEY curves
obtained for all the spacers by the capacitive method both for
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Figure 6. SEYmax (first column), E1 (second column), and Emax (thi
and PTFE (third row) as a function of the spacer thickness.

Kapton and PTFE converge as the primary energy increases.
This behavior is found for both materials SEY curves and it
was explained by Hessel and Gross [4] assuming that elec-
trons undergoing emission recombine with holes stored in the
surface layer of the dielectric and because the positive charge
volume generated inside the material moves away from the
surface to larger depths beyond the scape depths of secondary
electrons.

The main SEY parameters (maximum secondary electron
emission yield coefficient, SEYmax; its corresponding energy,
Emax; and the first cross-over, E1, for SEY = 1) were extrac-
ted from all the curves and plotted in columns in figure 6 as a
function of spacer thickness. To obtain these parameters, poly-
nomial fits were used in the regions of E1 and Emax. Values
from the electrically contacted Pt reference sample are repres-
ented in black spheres. Results from the capacitive method are
plotted in red circles, while parameters from KP method are
represented with blue triangles. Each row of graphs corres-
ponds to Platinum, Kapton and PTFE, respectively, while the
parameters are organized in columns: SEYmax, E1 and Emax
from left to right, respectively.

This representation using the SEYmax parameter (left
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rd column) parameters for Platinum (first row), Kapton (second row),

(red circles) for all the materials under study if it is applied on
samples thicker than 3 mm. As expected, this SEYmax tend-
ency is not observed using the KP method (blue triangles),
which agrees with the fact that SEY parameters depend only
on the material surface properties and not on the measure
technique applied. Additionally, it must be pointed out that
for Platinum, all the values obtained by KP method remain
constant at the SEYmax reference one. This finding is con-
sidered of utmost importance since it allows to quantify the
maximum sample thickness to obtain reliable SEY results in
non-conductive materials if the capacitive method is used.
Otherwise, other techniques, such as KP must be considered.

Regarding the first cross-over results, El, these are repres-
ented in the middle column of figure 6 for Platinum, Kapton
and PTFE, respectively. As it can be clearly observed for all
the materials, E1 extracted from SEY curves obtained by the
capacitive method (red circles) continuously decreases as the
spacer thickness increases. This behavior is a consequence
of the direct application of the sample bias potential, as it is
commonly performed, whereas for thicker samples the poten-
tial decreases according to figure 4, underestimating in con-
sequence the real values. Therefore, with the aim of obtain-

ino realictic reenlte all the SFY curvece have hean aneroatio-
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surface measured by KP (experimental values of figure 4) for
the corresponding spacer thickness. The results are plotted
with blue triangles in the same charts of figure 6. As expec-
ted, Platinum shows a constant value of E1 equal to the refer-
ence one for all the spacers thicknesses except for the thick-
est one, whose value slightly decreases. However, El values
from Kapton and PTFE unexpectedly show the same trend
than for those obtained by the capacitive method: continu-
ously decreasing as the spacer thickness increases. Although,
it should be noticed that for the same spacer thicknesses, the
energetic delta between El values obtained from capacitive
and KP methods decreases further from Platinum, Kapton and
PTFE, sequentially. In the last two cases, inverting its posi-
tion for the thickest spacer. All these features are consistent
with the presence of a remaining positive charge at the sample
surface that is more difficult to neutralize by electron recom-
bination as the conductivity of the material decreases, being
up to three orders of magnitude in PTFE compared to Kapton
[11,26].

Finally, concerning the Emax parameter, it is found a lack
of dependency on the spacer thickness for all the materials
studied in this work. However, it can be mentioned the higher
dispersion (440 eV) observed in the values obtained from
PTFE, while for Kapton the dispersion is lower (+20 eV). This
feature, is also in agreement with the presence of a remaining
layer of charges at the sample surface, being more remarkable
this shift around the SEYmax region. Hoffman et al [24] shows
that due to the positive potential produced by the secondary
electrons that reach the surface when SEY > 1, some of them
can be reattracted forming a shallow negative layer. Both pos-
itive and negative regions are found in the length of the escape
depth. Therefore, depending on their balance, it might shift
the SEY curve in both energetic directions given a higher and
lower dispersion depending on the material conductivity.

In summary, and considering all the aforementioned find-
ings, we consider that these results demonstrate the utmost
importance of both the proper sample design and the suitable
technique of analysis to obtain reliable SEY results according
to the nature (dielectric) and geometry of the samples.

5. Conclusions

The acquisition of SEY curves in dielectric materials requires
a complex set-up and procedures. In this study, we have eval-
uated an alternative measuring method to provide more reli-
able results in bulky dielectric materials. For this purpose,
a KP system was installed in a vacuum chamber to work
in combination with an electron gun to measure the SEY
properties from dielectric materials and compare the results
with the commonly used capacitive method. To evaluate the
response of both techniques in thick dielectrics, several Teflon
spacers were designed and manufactured to measure the SEY
from Platinum electrically isolated, Kapton and PTFE. The
SEY from the electrically contacted Platinum sample was also
measured and used as reference. It was found that using the

the dielectric spacer thicknesses, in agreement with the fact
that SEY properties should only depend on material surface
characteristics, and not on its geometry. On the contrary, it is
found out that this parameter decreases as the spacer thick-
ness increases, if it is measured using the capacitive method,
because of the underestimation of the measured image current
at the rear side of the sample. Therefore, it has been demon-
strated that 3 mm thickness seems to be the maximum dimen-
sion in dielectric materials to obtain reliable results using the
capacitive method. The KP method is better suited for thicker
samples. In addition, it is observed that E1 parameter obtained
by capacitive method decreases with the spacer thickness for
all the materials involved in this study as a consequence of
applying the bias potential at the metallic sample holder for
the SEY energetic shifting. The real potential at the irradi-
ated sample surface was measured by KP and applied for the
SEY curve energetic shifting. It is found that E1 parameter
for Platinum remains constant for all the spacers except of
the thickest one, whose value slightly decreases. However,
E1 from Kapton and PTFE unexpectedly follows the same
trend for both techniques: decreasing as the spacer thickness
increases. Finally, it was expected to find a relative constant
value of Emax for all the spacer thicknesses measured by both
methods in all the materials. Nevertheless, a considerable dis-
persion was found. Features related to E1 and Emax suggest
that they are influenced by the presence of a layer of charges
at the sample surface, being more remarkable these effects for
materials with lower electrical conductivity. The findings of
this work encourage the use of suitable techniques for SEY
analysis depending on the nature and geometry of the samples.
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