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Abstract

In a previous paper by the same authors, the sensitivity variations of negative secondary ions during Secondary Ion Mass Spectrometry (SIMS)
analysis have been studied with respect to conditions of neutral cesium deposition. An experimental determination of the Cs surface concentration
was impossible and it has been described by characteristic parameters. In this paper, the TRIDYN model is used to simulate these surface
concentrations with respect to the different conditions used in the experimental study. The simulations give implantation profiles as well as
sputtering yields of the involved elements with respect to the primary ion fluence. For the different experimental conditions, the implantation
profiles at steady state are used to calculate mean Cs surface concentrations that have been averaged over different depths. The sensitivities of
negative secondary ions can now be plotted with respect to these concentrations and experimental and simulated results can be compared to
the electron-tunneling model describing ion emission from metallic and semi-conducting samples. Nevertheless, approximations included in this
simulation model induce some artefacts which are discussed in this paper.
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1. Introduction

Secondary Ion Mass Spectrometry (SIMS) represents a pow-
erful surface and thin film analysis technique, due in particular
to its excellent sensitivity, its high dynamic range and its good
depth resolution [1,2]. It is widely used for analysis of trace
elements in solid materials like semiconductors and thin films
[1-3]. Emerging fields of applications for SIMS are biology and
medicine in particular [4-6].

At the same time, the SIMS technique is complicated by the
lack of quantification due to the matrix effect [7]: the ioniza-
tion probability of secondary ions and thus the sensitivity of the
analysis depends on the sample composition. In fact, the emis-
sion of secondary ions is very sensitive to the chemical state of
the sample surface [3,7,8]. In particular, deposition and incorpo-
ration of electropositive elements produce drastically increased
negative secondary ion yields on most surfaces. This increase
of the analysis sensitivity can cover several orders of magnitude
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[9]. It has been shown that the deposition or incorporation of
alkali metals (in particular cesium) decreases the electron work
function of the sample [10-14] which induces an increase of the
negative secondary ion sensitivity [15,16]. So the negative sec-
ondary ion yields strongly depend on the stationary Cs surface
concentration [9,15,17-19].

Because of the abovementioned reasons, Cs* primary ion
bombardment is widely used in SIMS analyses to effect this
negative ion yield enhancement, thus providing higher detec-
tion sensitivities. On commercial dynamic SIMS instruments,
this bombardment serves both for the incorporation of Cs in the
sample and for the sputtering of the surface. In such conditions,
the primary ion bombardment conditions (mainly impact energy
and incidence angle, which can be adapted only in a very limited
way on conventional SIMS equipment) as well as the character-
istics of the investigated sample imply a distinct total sputtering
yield, and consequently determine the Cs surface concentration.
In consequent, the Cs surface concentration is almost fixed for
a given type of sample and an optimization of the secondary ion
yield is impossible. Up to now, studies examining the effect of
Cs surface concentration on negative secondary ion sensitivities
were mainly limited to the Cs surface concentration evolution


mailto:philipp@lippmann.lu
dx.doi.org/10.1016/j.ijms.2006.07.020

92 P. Philipp et al. / International Journal of Mass Spectrometry 261 (2007) 91-99

in the transient regime or to the Cs concentration obtained by
different bombardment conditions [15,19].

The Cation Mass Spectrometer (CMS), which is a SIMS
prototype developed in our laboratory, has been designed to over-
come this problem [20-25]. This instrument is equipped with a
patented neutral Cs® evaporator [26] to vary the Cs surface con-
centration over the whole range and to ensure in that way an
optimal Cs concentration for maximum negative secondary ion
sensitivities. In such experimental conditions, the adjustment of
the Cs surface concentration is decoupled from primary bom-
bardment and the primary ion type can be chosen with respect
to the application. A detailed study on the evolution of negative
secondary ion sensitivities with respect to the Cs deposition con-
ditions has been presented in a previous paper [27]. During this
study, the Cs concentration could not be determined but only
represented by a characteristic parameter.

Compared to other similar techniques with quantification
possibilities like SIMS in the MCs* technique or Secondary
Neutral Mass Spectrometry (SNMS), the main advantage of
M~ SIMS using cesium deposition combined with simultaneous
primary ion bombardment is the significantly higher analysis
sensitivity leading to detection limits down to the ppb range.
For SNMS [28-30] or the MCs* technique [23,24], the detec-
tion limits are limited to the ppm range. Only laser SNMS shows
similar detection limits than SIMS with Cs® deposition but quan-
tification is problematic.

This paper is meant to simulate the Cs surface concentration
for the experimental conditions used in the aforementioned study
[27] in order to compare the experimental results to the model
used to describe ion emission from metallic and semi-conducting
surfaces. For this purpose the simulation code TRIDYN is used
[31-33]. The TRIDYN code is based on TRIM [34-36], which
simulates ion irradiation of amorphous targets in the binary
collision approximation by using the Monte Carlo method. So
thermal dependent processes like diffusion and segregation are
ignored. While TRIM allows only the simulation of a pure static
system (each ion impact happens on a non-irradiated target),
TRIDYN simulates the evolution of the system with the primary
ion fluence giving access to the system composition and sput-
tering parameters in the equilibrium regime. The comparison
between simulation and experimental results will be performed
in this steady state. For this study it is especially useful to repro-
duce the Cs concentration with respect to the ion and neutral
cesium fluence and to get hold of this concentration in the equi-
librium regime.

As the TRIDYN code uses the Monte Carlo method, the Cs
surface concentration and all the other results calculated by the
simulations are only semi-quantitative. But in order to compare
the experimental useful yields to the theoretical model, quanti-
tative data is not necessary. Only the relative variations of the Cs
surface concentration with respect to the different experimental
conditions are important for this comparison.

2. Experimental

The simulation conditions are chosen identical to the exper-
imental conditions used in the previous study [27]. Primary

ion bombardment and neutral Cs deposition are simultaneously
applied on different targets. Primary ion bombardment is per-
formed using Ga* and Cs* ions. Ga* bombardment is carried
out with an impact energy of 32.5keV and an incidence angle
of 40° while Cs* bombardment is performed with an impact
energy of 13.0keV and an incidence angle of 35°. Cs atoms are
deposited with an energy of 0 eV and an incidence angle of 45°.
Ga* bombardment with simultaneous metallic Cs deposition
will be denoted by Ga*/Cs® bombardment and Cs* bombard-
ment with simultaneous neutral Cs deposition will be denoted
by Cs*/Cs° bombardment.

Targets covering a considerable range on the work function
scale and allowing the comparison of simple and binary com-
pounds had been chosen in the previous study: Si, Al, Ni, InP
and GaAs [27]. The same targets are used for the simulations.

The primary ion-neutral Cs fluence has been set to
10'7 atoms/cm? for low Cs deposition rates (low fraction of
Cs in incident beam of particles) and has been increased up to
8 x 10'7 atoms/cm? for high Cs deposition rates (high fraction
of Cs in incident beam of particles) in order to reach the equi-
librium region for each simulation. The surface binding energy
of each component was chosen equal to the heat of sublimation
and independent of the target composition [37].

3. Results

The simulations are performed with respect to the parame-
ters characterizing the Cs surface concentration in the previous
study. For Ga*/Cs® bombardment, the Cs surface concentration
is characterized by the parameter T which depends only on ana-
Iytical parameters that can be determined easily [26,27]:

= Verosion (1
Udeposition
where Verosion 18 the erosion velocity and vdeposition 18 the Cs®
deposition velocity.
For Cs*/Cs° bombardment, we define analogously to relation
(1) the characteristic parameter 7 [27]:

T — Verosion )

Udeposition
These parameters have been determined experimentally for dif-
ferent experimental conditions [27]. For a given value of 7 or T,
the simulation conditions will be taken identical to the experi-
mental.

3.1. Simulations for Ga*/Cs° bombardment

Only the results for Ga*/Cs® bombardment on Si will be pre-
sented in detail. The results obtained on other samples show
a similar behaviour. Fig. 1 shows implantation profiles in the
equilibrium regime of Ga*, Cs° and Si for different values of 7
(53.9, 10.3, 1.3 and 0.2) obtained by Ga*/Cs° bombardment on
Si. In Fig. 1 the sign™ indicates the primary ion, the sign® neutral
Cs deposited at the sample surface and no sign is used for the
elements of the sample. Simulations for T equal to 53.9 and 10.3
use a fluence of 10'7 atoms/cm?. For 7 equal to 1.3 a fluence of
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Fig. 1. Depth profiles of Ga*, Cs° and Si for Ga*/Cs® bombardment on Si: (a) t=53.9, (b) t=10.3, (c) t=1.3 and (d) t=0.2.

2 x 107 atoms/cm? was used and for T equal to 0.2 the fluence
was 4 x 10'7 atoms/cm?.

In Fig. 1, the concentration of Cs for all the values of 7 is
highest at the sample surface. For the different values of t, the
maximum Cs atomic fractions lie between 107> and 5 x 107!
Over the first few angstroms, the Cs concentration decreases
over an order of magnitude, indicating that only a small fraction
of the deposited Cs atoms are implanted by the Ga* bombard-
ment into the sample. The steep decrease of the Cs concentration
with respect to the depth is shown in Fig. 2 for t equal to 1.3.
For higher depths the concentration is close to 0. What’s more,
when comparing the maximum Cs concentration for the differ-
ent values of the fluence in Fig. 2, important fluctuations of this
concentration can be seen. They are probably due to the rela-
tively small Cs concentration.

The Ga concentration at the sample surface is not influenced
by the parameter 7 (Fig. 1). It is mainly the Si surface concen-
tration that decreases for higher values of t, i.e., for higher Cs
deposition velocities.
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Fig. 2. Cs concentration with respect to the depth for r=1.3 (Ga*/Cs°®
bombardment on Si). The fluence is varying between 4.0 x 10> and
2.0 x 10'7 atoms/cm?.
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Fig. 3. Mean Cs surface concentration with respect to T calculated by averaging
the concentration evolution over depths varying from 1.5 to 49.5 A (Ga*/Cs°
bombardment on Si).

In order to compare the simulation results to the previous
experimental study [27], the Cs surface concentrations (in the
equilibrium regime) must be extracted from the implantation
profiles for the different values of 7. Therefore, mean sur-
face concentrations averaged over a certain number of different
depths have been calculated and plotted with respect to param-
eter T (Fig. 3). The depths indicated in the caption of the graph
correspond to the maximum depth over which the concentrations
have been averaged. At low values of 7, the mean Cs surface con-
centration decreases very fast with respect to t. For higher values
of 7, the Cs surface concentrations are close to zero. Besides,
for high values of t the total amount of deposited Cs are low,
implying that the mean Cs surface concentration is almost not
dependent on the depth over which the concentrations have been
averaged. For values of t smaller than 2, the influence of the
averaging depth on the mean surface concentrations increases.
The concentration averaged over a depth of 1.5 A is three times
larger than the concentration averaged over 49.5 A. As the Cs
atoms deposited on the sample surface contribute most to the
decrease of the sample work function [10—14] and the Cs surface
concentration is highest for an averaging depth equal to 1.5 A,
the concentrations obtained at 1.5 A are used in order to com-
pare the experimental results to the electron-tunneling model
[27].

The variation of the sputtering yield with respect to the
parameter t is also of interest for analyses realized with ion
bombardment and simultaneous metallic Cs deposition (Fig. 4).
As well as the partial sputtering yields of Si and Ga* as the total
sputtering yield are highest for important values of 7 (where the
erosion rate is highest). For small values of t, the amount of
deposited Cs atoms compared to the number of incident Ga*
ions increases, leading to an enlarged amount of Cs atoms to be
sputtered and to reduced erosion rates. This explains the decreas-
ing total sputtering yield as well as partial sputtering yields for
Si and Ga*.

Simulation results obtained for Ga*/Cs® bombardment on Al
and InP show a similar behaviour than those presented for Si. So
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Fig. 4. Partial sputtering yields of Cs°, Ga* and Si and total sputtering yield
with respect to t for Ga*/Cs® bombardment on Si.

only the mean Cs surface concentrations averaged over a depth
of 1.5 A have been plotted in Fig. 5. Compared to Al, the Cs
concentration on InP is slightly higher for the high value of
and begins to increase steeply for v smaller than 15 whereas
this sudden increase on Al is only observed for 7 smaller than
5. So Al behaves similarly to Si. This difference between InP
and Si or Al is due to the different masses. Al (26.9 amu) and Si
(28.1 amu) have a similar mass whereas the mass of P (30.9 amu)
is slightly higher and for In (114.8 amu) even much higher. For
Al the same maximum concentrations could have been reached
than for InP if simulations with lower values of ¢ would have
been performed.

In the experimental study Ga*/Cs® bombardment on GaAs
and Ni samples induced surface roughness on the bottom of
the crater which was too important to evaluate the crater vol-
ume and made subsequent useful yield calculations impossi-
ble. So Ga*™/Cs® bombardment on these targets has not been
simulated.
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Fig. 6. Depth profiles of Cs*, Cs° and Si for Cs*/Cs® bombardment on Si: (a) 7=63.0, (b) t=16.3, (¢c) t=1.2 and (d) 7=0.8.

3.2. Simulations for Cs*/Cs® bombardment

During the experiments in the previous study, the maximum
analysis sensitivity could not be achieved by Ga*/Cs® bombard-
ment. Cs*/Cs® bombardment was expected to produce higher
Cs surface concentrations, which could not be observed [27].
Cs*/Cs® simulations are used to confirm this observation and to
identify the influence of the primary ion type on the Cs surface
concentration when comparing the results to the simulations for
Ga*/Cs® bombardment.

Once more, only the results for Cs*/Cs® bombardment on Si
will be presented in detail. Fig. 6 shows implantation profiles
in the equilibrium regime of Cs*, Cs® and Si for different val-
ues of 7' (63.0, 16.3, 1.2 and 0.8). Similarly to Fig. 1, the sign
* indicates the primary ion, the sign® neutral Cs deposited at
the sample surface and no sign is used for the elements of the
sample. For T equal to 63.0 or 16.3 a fluence of 107 atoms/cm?
is sufficient to reach the equilibrium regime. For T equal to 1.2
or 0.8 a fluence of 4 x 10'7 atoms/cm?, respectively a fluence
of 8 x 10!7 atoms/cm?, is necessary to arrive at the equilib-

rium regime. In contrast to Ga*/Cs® bombardment, there is
always a minimum Cs atomic fraction of 0.1 induced by implan-
tation of Cs* primary ions. The Cs atomic fraction due to
neutral Cs® deposition is equal to the Cs* atomic fraction for
a value of T equal to 16.3 and increases up to 1 for lower
values of T (T=0.8). The shape of implanted Cs® atoms pro-
duced by Cs*/Cs° bombardment is identical to the Ga*/Cs°®
bombardment.

The variation of the total Cs concentration (Cs* concentra-
tion and Cs® concentration) with respect to the depth and to the
fluence is shown in Fig. 7 for a value of T equal to 1.2. Even
for a small fluence (8.0 x 10! atoms/cm?) the Cs surface con-
centration due to Cs® deposition is almost maximal whereas the
concentration of Cs due to implanted Cs* ions reaches equi-
librium only for a fluence of about 3.2 x 10'7 atoms/cm?. In
addition, fluctuations of the maximal Cs concentration with
respect to the fluence are much smaller than for Ga*/Cs® bom-
bardment.

The Cs* primary ion surface concentration does not depend
on the parameter 7. Increasing Cs® surface concentration lower
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the Si surface concentration. This behaviour was also observed
for Ga*/Cs° bombardment.

The mean Cs surface concentrations (sum of Cs* and Cs® con-
centrations) averaged over different depths have been calculated
from the simulated data and plotted with respect to parame-
ter T (Fig. 8). Again, the depths indicated in the graph caption
represent the depth over which the concentrations have been
averaged. The overall behaviour is identical to Ga*/Cs® bom-
bardment (Fig. 3). The mean surface concentrations decrease
steeply for low values of 7. For higher values of T they become
close to 0.1 which is the concentration due to the implantation of
Cs* ions. The influence of the depth over which the concentra-
tions have been averaged becomes apparent for 7 smaller than
18. For the smallest value of T the concentration averaged over
1.5 A is almost twice as large than the concentration averaged
over 49.5A.

For the same reasons than for the Ga*/Cs® bombardment, the
surface concentrations averaged over a depth over 1.5 A will be
used to compare the simulation results to the experimental study.
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Simulation results for Cs*/Cs® bombardment on Al, Ni, GaAs
and InP show a similar behaviour than the simulations on Si,
allowing presenting only the mean surface concentrations aver-
aged over a depth of 1.5 A (Fig. 9). Al presents slightly higher
Cs surface concentrations than the other targets (which show all
similar concentrations) for high values of 7. Al (26.9 amu) is the
lightest atom when compared to Ni (58.7 amu), Ga (69.7 amu),
As (74.9 amu), In (114.8) and P (30.9amu). On all targets,
Cs*/Cs° bombardment induces a steep increase of the Cs surface
concentration for 7 smaller than 5.

4. Discussion

Inthe TRIDYN simulations, the treatment of the surface bind-
ing energy, which is only used as a sputtering moderator, is
quite delicate. In such simulation codes that use the binary col-
lision approximation with purely repulsive potentials, adjusting
the surface binding energy to the heat of sublimation becomes
problematic when mixing takes place at the sample surface. In
particular, it has been shown that these settings seem to lead to
too low Cs surface concentrations for Cs bombardment on Si
[38]. Definite conclusions were not possible as thermodynamic
effects are not considered in this simulation model. The simu-
lations described in this paper differ from the later ones as ion
bombardment with simultaneous neutral Cs deposition is used.
For Cs* bombardment on a target, the Cs surface concentration
is determined by the sputtering of implanted Cs* ions, whereas
for other ion bombardment with simultaneous Cs® deposition the
Cs surface concentration is mainly defined by the deposited Cs
atoms and to a lesser degree by the sputtering of implanted Cs°
atoms. Still, the simulated Cs surface concentrations are prob-
ably systematically lower than the experimental concentrations
that could not have been determined [27].

A second point which influences the Cs surface concentration
is the sticking of deposited Cs on the sample surface. Whereas
Cs adsorbs easily on other surfaces, the sticking coefficient of Cs
on itself is low limiting Cs adsorption on most substrates to one
monolayer [12,39,40]. This implies that for high Cs deposition
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rates during the experiments only a part of the incident Cs® atoms
sticks on the surface and contributes to the sensitivity increase in
SIMS analysis, while in the simulations all incident Cs® atoms
stick on the surface producing a Cs surface concentration larger
than the experimental concentration.

Thus, the simulated Cs surface concentration is influenced by
two processes: it is decreased by adjusting the surface binding
energy to the heat of sublimation and increased by the stick-
ing of all Cs atoms on the surface for a coverage close to the
monolayer, i.e., for very small values of t or 7. These con-
siderations have to be taken into account when comparing the
experimental analysis sensitivities to the simulated Cs surface
concentrations. Besides, maximum Cs surface concentrations
for the different targets and bombardment conditions cannot be
compared because they depend on primary ion type, target com-
position and simulation conditions. As the concentration varies
very rapidly with respect to small values of 7 and 7, only a large
number of simulations exploring the range of small values of t
and T methodically can produce identical maximum Cs surface
concentrations. Nevertheless, these precautions do not take into
account the surface binding energy adjusted to the heat of subli-
mation whose consequences will probably depend on the nature
of the target.

The simulated Cs surface concentrations are compared to the
variation of the analysis sensitivity of the previous study [27].
The analysis sensitivity has been described by the useful yield
which has been defined by:

_ number of detected M~ ions
UuYMm™) = 3)
number of sputtered M atoms

In Figs. 10 and 11, the Si™ useful yield and the Cs surface con-
centration have been plotted for Ga*/Cs® bombardment, respec-
tively for Cs*/Cs® bombardment, with respect to the parameter
7 or T. The simulated data shows the mean Cs surface concen-
tration averaged over a depth of 1.5 A. For both bombardment
conditions, the Cs surface concentration is almost constant for
high values of t or 7. The same behaviour is observed for the Si™
useful yields. Towards smaller values of t or 7, the Cs surface
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Fig. 11. Comparison of Si~ useful yield variation and Cs surface concentration
evolution with respect to T for Cs*/Cs® bombardment.

concentration and the Si~ useful yield increase steeply as well
for Ga*/Cs® bombardment as for Cs*/Cs® bombardment. The
correlation between Cs concentration and useful yield agrees
qualitatively with the electron-tunneling model describing ion
emission from semi-conducting and metallic surfaces:

ifp < A

Py =1
_ e “
By oxe e ifp > A

where B is the secondary ion ionization probability, @ the
work function of the sample and A is the electron affinity of the
sputtered atom. The deposited Cs atoms decrease the sample
work function. The secondary ion ionization probability and
thus the useful yield, which is proportional to the ionization
probability, vary exponentially with the sample work function.
So, increasing Cs surface concentrations should induce rising
useful yields. This prediction is verified in Figs. 10 and 11. The
other targets (Al and InP for Ga*/Cs® bombardment and Al,
Ni, GaAs and InP for Cs*/Cs° bombardment) exhibit the same
correlation between Cs surface concentration and useful yield.
The experimental and simulation results are used to plot the
useful yields with respect to the simulated Cs surface concen-
trations in order to visualize the dependence of the useful yields
on the Cs surface concentrations and to verify the quality of
experimental and simulated results (Figs. 12 and 13). In Fig. 12
(Ga*/Cs®° bombardment), the useful yields of all analyzed ions
(Si7, Al™, P~ and In™) increase very steeply for small Cs sur-
face concentrations. The almost vertical useful yield variations
are probably due to the adjustment of the surface binding energy
to the heat of sublimation producing too low Cs concentrations
athigh values of T and 7T'and to a lesser degree to an experimental
uncertainty in the determination of T and 7. For Si the useful yield
shows a moderate increase at higher values of t, but constant
values are not attained indicating that the sample work function
can apparently not be lowered below the electron affinity of the
analyzed element (necessary for quantification in SIMS) [27].
The Al target reveals a similar variation of the useful yield with
respect to the Cs surface concentration for higher Cs concentra-
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Fig. 12. Useful yields of Si~, Al™, P~ and In™ with respect to the Cs surface
concentration for Ga*/Cs® bombardment.

tion, except that the growth is less pronounced. The useful yields
of P~ and In™ are constant for higher Cs surface concentrations.
As these useful yields remain lower than the transmission of the
instruments (220%) [20], total ionization is not attained. The
electron work function cannot be lowered sufficiently, making
higher useful yields impossible. Maximum useful yields depend
on sample work function and electron affinity of the analyzed
element. In addition, Cs surface concentrations (atomic fraction)
larger than 1 are observed for this target. Concentrations larger
than 1 are due to the extrapolation at low 7 (respectively 7) val-
ues in the Cs surface concentration versus t (respectively T) plot.
This artefact is due to the problems concerning surface binding
energy and sticking factor mentioned above. During the experi-
ments Cs exhibits a poor sticking coefficient for concentrations
close to the monolayer and during the simulations all incident Cs
atoms stick on the surface (independent of Cs surface concentra-
tion), providing simulated Cs surface concentrations larger than
the experimental concentrations.

The useful yields with respect to the Cs surface concentration
for Cs*/Cs° bombardment behave similarly (Fig. 13). For very
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Fig. 13. Useful yields of Si—, Al7,Ni~, P~, In", As™ and Ga™ with respect to
the Cs surface concentration for Cs*/Cs® bombardment.

small Cs concentrations, the useful yields increase almost verti-
cally, the reason being the same than for Ga*/Cs® bombardment.
At higher Cs concentrations, the variations of the Si~, Al™, P~
and In~ useful yields are identical to Fig. 12. The Ni~ useful
yield increases to constant values which are quite close to the
maximum sensitivity on the CMS [27]. As™ and Ga™ useful
yields increase also to a plateau, except that the maximum use-
ful yields remain lower indicating that no additional lowering of
the sample work function is possible. Once more, simulated Cs
surface concentrations larger than 1 are due to the difference of
Cs sticking in experiments and simulations.

5. Conclusions

In a previous study, the SIMS analysis sensitivity of negative
secondary ions has been studied on various samples (analyzed
elements) for two types of primary ion bombardment and simul-
taneous neutral Cs deposition. During these studies, experimen-
tal conditions were varied in order to get different Cs surface
concentrations and thus increased secondary ion sensitivities.
As the Cs concentration could not be determined experimen-
tally, the TRIDYN code has been used in this paper to simulate
this concentration for the different experimental conditions. The
TRIDYN code gives implantation profiles as well as the sputter-
ing yields of the implied elements with respect to the primary
ion fluence. The implantation profiles in steady state conditions
have been used to calculate mean Cs surface concentrations by
averaging over different depths and taking the averaging depth
presenting the highest Cs concentrations. By extrapolation, the
secondary ion sensitivities, initially plotted with respect to exper-
imental conditions, have been plotted with respect to the mean
Cs surface concentration. In this way a comparison between the
electron-tunneling model, used to describe ion emission from
metallic and semi-conducting surfaces, and the experimental
and simulation results becomes possible. However, the com-
parison has to be considered with care, because the simulated
Cs surface concentration is altered by two artefacts introduced
by the simulation model. Fixing the surface binding energy to
the heat of sublimation leads to lower Cs surface concentrations
whereas the sticking of the cesium in the simulations conducts to
increased concentrations compared to experimental values. Nev-
ertheless, the increase of secondary ion sensitivities observed
experimentally can be assigned to the increase of the Cs sur-
face concentration. For small Cs concentrations a steep increase
of secondary ion sensitivities is observed while almost constant
sensitivity values are observed for higher Cs surface concen-
trations. Final conclusions regarding the useful yield variations
with respect to the Cs deposition can only be drawn after measur-
ing the work function shift experimentally, giving experimental
evidence for the influence of Cs deposition on ionization pro-
cesses.
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