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Abstract

Electron stimulated carbon adsorption at room temperature (RT) has been studied in the
context of radiation induced surface modifications in the vacuum system of particle
accelerators.
The stimulated carbon adsorption was monitored by AES during continuous irradiation by
2.5 keV electrons and simultaneous exposure of the sample surface to CO, CO2 or CH4.
The amount of adsorbed carbon was estimated by measuring the carbon Auger peak
intensity as a function of the electron irradiation time.
Investigated substrate materials are technical OFE copper and TiZrV non-evaporable getter
(NEG) thin film coatings, which are saturated either in air or by CO exposure inside the
Auger electron spectrometer.
On the copper substrate electron induced carbon adsorption from gas phase CO and CO2 is
below the detection limit of AES. During electron irradiation of the non-activated TiZrV
getter thin films, electron stimulated carbon adsorption from gas phase molecules is
detected when either CO or CO2 is injected, whereas the CH4 partial pressure has no
influence on the C-KLL intensity evolution.
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1. INTRODUCTION

Particle induced surface modifications, as they occur on the inner surfaces of accelerator
ultra high vacuum (UHV) systems, are advantageous for the operation of accelerators, since
they usually decrease surface degassing [1] and secondary electron emission [2] of air exposed
metal surfaces. In this context particle stimulated surface modifications are referred to as
“conditioning” or “beam scrubbing”. In fact, the design luminosity of particle accelerators is
often only achieved after a certain conditioning period and the understanding of the
conditioning process is therefore important in order to predict the required conditioning time.
For CERN’s next accelerator, the Large Hadron Collider (LHC), a full conditioning of the
internal OFE copper vacuum chamber surfaces is expected [3] after an electron exposure of
approximately 10-3 C mm-2.

Electron beam induced surface modifications are also known to influence the results of
surface analysis techniques, which use electron beams as excitation source. In the terminology of
surface analysts these surface modifications are usually referred to as electron beam damage. In
AES electron beam damage [4] can become detectable, for instance, by a modification of oxygen
and carbon peak intensities after primary electron (PE) exposures between 10-5 and 10-3 C mm-2.

Besides other phenomena, such as the decomposition and/or desorption of adsorbed
species, electron beam induced surface modifications can include the stimulated deposition of
gas-phase components. This phenomenon is exploited in the microelectronics industry in order
to produce three-dimensional structures on nm scales [5]. Deposition rates in the order of 1 nm
per second can be obtained by the injection of, for instance, metal carbonyls into the deposition
system, in which very high gas densities above the substrate can be achieved by means of a
differential pumping system. Another important application of electron stimulated deposition is
the production of tips for atomic force microscopes [6]. This note deals with the phenomenon of
electron stimulated carbon adsorption in UHV, with CO, CO2 and CH4 as the only carbon
containing molecules which are present in the residual gas.

Due to its high sensitivity for elements with low atomic number and because of its surface
sensitivity AES should be ideally suited for the study of electron stimulated carbon adsorption.
Moreover, the same electron beam can be used simultaneously for the generation of Auger
electrons and for stimulating gas phase adsorption. An electron stimulated adsorption from C-
containing gas phase molecules has been observed by AES on Ni(110) [7, 8], various TiO2

surfaces [9, 10], Al(111) [11] and ZnS [12]. On the other hand a CO, CO2 and CH4 pressure
independent electron stimulated carbon growth rate is reported on sputter-cleaned
polycrystalline copper [13].

In the present study two materials that may be used for the construction of accelerator
UHV systems, notably chemically polished OFE copper and a TiZrV non-evaporable getter
(NEG) thin film, are investigated. Electron stimulated carbon deposition is studied in an Auger
electron spectrometer during continuous electron irradiation and a simultaneous exposure of the
substrate surface to either CO, CO2 or CH4.

2 EXPERIMENTAL

The only experimental parameters that are changed during the measurements described
below are the CO, CO2 and CH4 partial pressures and the sample materials. All other
experimental settings are kept constant.

2.1 Data acquisition

The AES measurements were carried out with a special Auger electron spectrometer,
which is described in detail in reference 14. The single-pass cylindrical mirror analyzer (PHI
15-110B) has a relative energy resolution, �E/E, of 1.2 % (full width at half-maximum).
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The total base pressure before the surface treatments is 10-9 mbar (N2 equivalent), H2

being the dominant gas species followed by water vapour (� 2�10-10 mbar). Before gas injection
the partial pressures of CO, CO2 and CH4 are all in the order of 10-10 mbar and no other carbon
containing molecules are detected in the residual gas. For gas exposures the chosen gas is
admitted to the vacuum system via an automatically regulated variable leak valve. The gas
purity is controlled by means of a residual gas analyzer and the injection pressure is measured
with a non calibrated Penning gauge (Balzers type IKR U70).

The electron exposures are carried out with a static electron beam, which is provided by
the thermionic electron gun used to excite core electrons for AES. During the continuous
electron irradiation Auger spectra are periodically acquired.

The direct EN(E) Auger spectra are acquired with a 1 eV step. The primary electron (PE)
energy is 2.5 keV and the PE beam current is typically 1 �A, incident normal to the sample
surface. The minimum electron dose that is accumulated during a single AES measurement is
10-3 C mm-2 and the maximum electron dose, to which the investigated surfaces are exposed, is
1 C mm-2.

2.2 Data processing

Since the elements that are detected on the investigated surfaces are not uniformly
distributed in the analyzed volume, a calculation of relative concentrations is avoided. Instead
the evolution of the absolute Auger peak intensities is monitored in order to determine the
degree of carbon uptake during the surface treatments.

The use of absolute peak intensities requires a normalization of the Auger spectra in order
to reduce the influence of instrumental parameters, such as fluctuations of the PE current and
the detector efficiency. In particular the amplification of the secondary electron multiplier
(channeltron) shows a systematic decrease with the acquisition time when the channeltron
voltage is kept at 1 keV.

For the normalization all direct EN(E) spectra are multiplied by a constant factor so that
the background intensity value at 600 eV of all spectra equals a certain value. The background
intensity at 600 eV is averaged over an energy range of 20 eV in order to reduce the effect of
noise. For chemical state analysis the normalized EN(E) spectra are numerically differentiated.

The Auger peak areas after subtraction of a linear background are taken as a measure for
peak intensity. The comparison of the C-KLL peak area and p-t-p height measurements in
Figure 1 shows that the peak area measurement in the direct EN(E) spectra is important
for the detection of electron stimulated C adsorption by AES since the C-KLL p-t-p height
variations in the derivative spectra are obscured by strong line shape changes [15] during the
reported surface treatments.

Both effects, the C-KLL peak shape changes and the detector efficiency fluctuations
together would indicate an apparent reduction of the C-KLL peak intensity with increasing
irradiation time if the peak intensity were be defined as the p-t-p height in the non-normalized
dEN(E)/dE spectra.

The linear background is taken for its simplicity and does not represent the true
background shape. It is however assumed that the systematic error caused by the deviation
of the linear background signal from the true background for a certain Auger peak is
similar on all described surfaces. For C-KLL and O-KLL the linear background is
subtracted from 200 eV to 285 eV and 499 eV to 518 eV, respectively.

The sensitivity for carbon is estimated as 400 C-KLL peak intensity units per monolayer
(ML). This sensitivity factor has been obtained by saturating a sputter-cleaned Zr surface with
CO (with identical experimental parameters as those used during the reported measurements).
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For the present study a saturation ML coverage of approximately 1015 molecules cm-2 is
estimated, taking into account a certain degree of surface roughness.

The O-KLL intensity values which are reported in this paper have been scaled so that
400 units correspond also with 1 ML oxygen (again determined by saturating an atomically
clean Zr surface by CO). These sensitivity factors are only valid for C and O, which are present
on the outermost surface layer. If carbon or oxygen are distributed in depth the AES sensitivity
decreases due to the attenuation of the characteristic Auger electrons by overlying material.

The sensitivity factors must be regarded as rough estimates, which are affected by several
uncertainties, such as the influence of surface roughness on the ML capacity and the influence
of the sample matrix [16] on the C-KLL and O-KLL intensities.

2.3 The samples

The two investigated sample materials are OFE bulk copper and TiZrV non evaporable
getter (NEG) thin films. Both materials may be used as the internal surface of particle
accelerator UHV systems.

The TiZrV NEG coatings with a thickness of approximately 1 �m are deposited onto
stainless steel 316LN by magnetron sputtering. Scanning electron microscope images reveal
that the coatings are smooth on a microscopic scale. For more information about the NEG thin
film coatings see reference 17. After deposition the TiZrV coating was exposed to air for about
1 h. AES measurements as a function of electron dose have been carried out on as-received
(non activated) samples and on TiZrV samples that were activated during several hours at
350 °C and afterwards saturated under vacuum with 3000 L CO.

The OFE copper samples are chemically polished [18] in a solution of sulfamic acid,
hydrogen peroxide n-butanol and ammonium citrate. The air exposure time between the
chemical treatment and the introduction of the samples into the experimental UHV system is
less than 1 h. The copper samples obtained after this treatment are referred to as “technical
copper”.

3. RESULTS

3.1 Influence of continuous electron irradiation at various pressures on the surface
composition of an in-situ activated TiZrV NEG sample after saturation with CO

Auger peak intensity profile around the irradiated surface area

An in-situ activated TiZrV sample was saturated with 3000 L CO and afterwards
irradiated by 10-6 A of 2.5 keV electrons at a CO pressure of 10-7 mbar. After an irradiation
time of 130 min the sample was displaced in 0.05 mm steps and after each step an Auger
electron spectrum was acquired. The C-KLL, O-KLL and Zr-MNN peak intensities as a
function of the sample position with respect to the centre of the previously irradiated surface
area are shown in Figure 2.

The Zr-M45N23N23 peak at 92 eV is chosen to represent the metals on the surface because
it is the Zr Auger peak which is least affected by changes in oxidation state [19] and due to the
low kinetic energy it is also the most surface sensitive metal peak.

The C-KLL area increase and the corresponding Zr signal depletion are consequences of
the addition of carbon onto the analyzed surface by the interaction with the electron beam. The
oxygen intensity on the irradiated sample area is higher than it is outside this area, indicating
the deposition of oxygen during the electron irradiation process. However, the O-KLL intensity
in the beam center is lower than the O-KLL intensity at the beam edge, which shows that either
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the composition and/or the structure of the deposited layer varies over the irradiated sample
area. A similar oxygen distribution over the irradiated surface area has been measured on
Ni(110) surfaces after intense electron irradiation and simultaneous CO exposure [8].

From the C-KLL intensity variations in Figure 2 a PE beam diameter of approximately
Dbeam = 0.15 mm at FWHM beam intensity has been estimated.

Peak intensity variation as a function of irradiation time during 10-7 mbar CO injection

In Figure 3 the direct EN(E) Auger electron spectra of a TiZrV thin film (activated and
saturated with CO) are shown after different electron irradiation times during simultaneous CO
injection at 10-7 mbar.

The C-KLL intensity increases continuously with irradiation time and the carbon line
shape, which is initially carbidic, shows an increasing contribution of graphite [15]. The O-KLL
intensity shows initially a slight increase and after 10 min it starts to slowly decrease with
irradiation time. The metal peaks are progressively attenuated with increasing electron
exposure, indicating a continuous growth of the carbon layer on top of the NEG substrate. Due
to the low kinetic energy, the Zr-MNN signal shows the strongest attenuation. The Cl peak,
which is present initially, disappears, probably because of electron stimulated desorption
(ESD).

Influence of the CO, CO2 and CH4 pressure on the rate of C-KLL intensity increase

In Figure 4 the C-KLL peak area variation during electron irradiation of a TiZrV NEG
surface (activated and saturated with CO) is plotted as a function of irradiation time at a total
pressure of 10-9 mbar and during CO, CO2 or CH4 injection. All gases were injected at a
pressure of 10-7 mbar and in addition CO was injected at 10-8 mbar.

When no gas is admitted to the Auger spectrometer vacuum system the C-KLL peak area
increases linearly with irradiation time. The rate of carbon deposition on the irradiated surface
area is in the order of 10-3 ML per minute.

The C-KLL intensity increase during the irradiation of TiZrV becomes much faster if CO
or CO2 are injected whereas the CH4 pressure has no influence on the rate of the C-KLL
intensity variation. This clearly shows that an electron stimulated adsorption of carbon from gas
phase CO and CO2 molecules takes place. During CO2 injection the effect is somewhat delayed
with respect to the case of CO.

The higher the CO pressure in the experimental chamber the higher is the rate with which
carbon is deposited on the irradiated sample area. During the first 10 min of irradiation at
10-7 mbar CO the carbon deposition rate is approximately 2�10-2 ML min-1 and with increasing
irradiation time the carbon deposition rate decreases.

3.2 Influence of alternating electron and CO exposure on the surface composition of an
in-situ activated TiZrV NEG sample after saturation with CO

Alternating electron and CO exposures where performed in order to better understand the
mechanism of the pressure dependent electron stimulated carbon adsorption. For this purpose
an in-situ activated TiZrV sample was saturated with CO and afterwards exposed to about
10-2 C mm-2 of 2.5 keV electrons at a total pressure of 10-9 mbar. At the end of the electron
exposure (corresponding with an irradiation time of 10 min) an Auger spectrum was acquired
and then the sample was exposed to 1000 L of CO (100 s CO injection at 10-5 mbar) without
electron irradiation. Immediately after the gas exposure an Auger spectrum was acquired. This
procedure was repeated several times. The C-KLL, O-KLL and Zr-MNN Auger peak intensity
variations during the alternating electron and CO exposure are shown in Figure 5.



- 5 –

During the electron irradiation at 10-9 mbar the C-KLL intensity remains almost
unchanged while the O-KLL intensity decreases significantly due to ESD of oxygen. At the
same time the Zr-MNN intensity augments, also indicating the removal of surface material by
ESD. After CO exposure the C-KLL and O-KLL peak areas are significantly increased due to
the adsorption of CO. Subsequent irradiation decreases the O-KLL intensity, while the carbon
intensity is much less affected.

3.3 Influence of continuous electron irradiation and CO2 exposure on the surface
composition of an air exposed NEG surface

In Figure 6 the C-KLL and O-KLL Auger peak area variations as a function of electron
irradiation time at different pressures (without gas injection at a total pressure ptot = 10-9 mbar
and during CO2 injection at 10-7 mbar) are shown for an as-received (air exposed) TiZrV thin
film.

The C-KLL intensity evolution on the air exposed NEG surface is similar to that on the
in-situ activated and saturated NEG surface. A linear C-KLL increase with irradiation time,
corresponding to a carbon deposition rate of about 2�10-3 ML min-1, is observed when no gas is
injected (ptot = 10-9 mbar). During CO2 injection at 10-7 mbar the carbon deposition rate is
initially about 1 order of magnitude faster and slows down with increasing carbon coverage.

The O-KLL area becomes smaller with irradiation time, indicating ESD of oxygen.
During CO2 exposure the oxygen signal depletion is weaker than it is during electron irradiation
without gas injection. This shows that the O-KLL peak intensity evolution is the result of a
simultaneous ESD and oxygen deposition process.

Some chemical information can be extracted from the Zr-MNN and the C-KLL peaks in
the derivative Auger spectra, which are shown in Figure 7. The peak shape and intensity of the
Zr-M4,5N2,3V peak at 147 eV changes strongly when metallic Zr becomes oxidized. During the
oxidation a new peak appears about 7 eV below the peak from unoxidized Zr [20]. Mainly this
peak is seen in the Auger spectra of an air exposed TiZrV surface, whereas only a small peak at
147 eV is observed.

During the continuous electron irradiation of the air exposed TiZrV coating, the metallic
Zr peak at 147 eV increases at the expense of the peak characteristic for Zr in ZrO2. This
indicates a reduction of ZrO2 by the electron beam, which is consistent with the depletion of the
O-KLL intensity (see Figure 6). From the Ti and V Auger peaks changes in oxidation state can
not be detected because of the low energy resolution of the used CMA (�E/E = 1.2 %).

On the as received getter sample the C-KLL peak shape is characteristic for graphite.
During irradiation the peak shape changes and becomes partly carbidic, which is also an
indication that the getter surface becomes more reactive during the electron exposure. If CO2 is
injected during irradiation the growing C-KLL peak does not change its shape, which remains
typical for graphite.

3.4 Influence of continuous electron irradiation and CO and CO2 pressure on the
surface composition of technical Cu

Identical measurements as those described above for saturated TiZrV samples were
carried out on technical copper. In Figure 8 the C-KLL variation on the technical Cu substrate
during PE irradiation at a total pressure of 10-9 mbar or during simultaneous injection of either
CO or CO2 at 10-7 mbar is shown. The C-KLL peak area values are somewhat decreased after
2 min electron irradiation, indicating ESD of carbon containing molecules. Afterwards the
C-KLL peak area increases linearly with irradiation time.
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With the estimated intensity value of 400 units for 1 ML adsorbed carbon the rate at
which the amount of carbon on the irradiated surface area increases is in the order of
10-3 ML min-1. The rate at which the C-KLL intensity increases is independent of the CO and
CO2 partial pressures and, hence, in UHV the electron stimulated C adsorption from gas phase
molecules on Cu is, at RT, below the detection limit of AES.

4. DISCUSSION

The impinging electron beam can have an effect on the carbon deposition process by the
dissociation of physisorbed molecules and/or influence the adsorption process through a
modification of the sample surface. In the following the first case is referred to as electron beam
induced deposition (EBID) while the process that requires an electron induced surface
modification to occur is called electron stimulated adsorption (ESA).

4.1 Mechanism of the EBID process

Residual gas molecules which impinge on a solid surface have a certain probability to be
adsorbed and to remain on the surface for a certain time, the so-called mean sojourn time.
During this period the surface molecules can be dissociated by the interaction with PE and SE,
which transforms them into non-volatile species that are practically permanently adsorbed on
the surface, and into volatile species that are desorbed into the gas phase.

The number of molecules that are dissociated on the sample surface per time dNdis / dt is
proportional to the density of reversibly adsorbed molecules per irradiated surface area N, the
electron current density f and the dissociation cross section q 1 for the adsorbed molecule at the
corresponding electron energy [21].

qfN
dt

dN dis ��� (1)

The equilibrium surface density NE of reversibly adsorbed molecules during continuous
electron irradiation can be calculated with equation (2) [22]
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with the sticking coefficient of the gas phase molecules on the substrate surface g, the rate with
which the molecules impinge on the substrate surface Z, the molecule density in a complete
monolayer N0, and the mean sojourn time of the non dissociated molecule �. At RT the mean
sojourn time of physisorbed CO and CO2 is in the order of � = 10-11 s [23].

Using equation (2) and the experimental parameters, as they were used during the
described experiments the equilibrium coverage can be estimated for CO molecules, which are
physisorbed at RT, as NE = 150 cm-2. For this estimation a sticking coefficient of g = 0.5 and a
monolayer capacity N0 = 1015 cm-2 are assumed. The impinging rate of CO molecules at a CO
pressure of 10-7 mbar at RT is Z = 2.9�1013 cm-2

�s-1.

By setting N in equation (1) equal to NE = 150 cm-2 the calculated dissociation rate of
reversibly physisorbed CO molecules is in the order of dNdiss/dt � 103 min-1 cm-2 (with f =
3�1016 cm-2

�s-1 and q = 10-17 cm2). This rate is so low that even after several hours of electron

                                                          
1 The onset energy for CO dissociation is 11.2 eV and the maximum cross section for CO dissociation by electron
impact qmaxCO = 7.5·10-17 cm2, obtained at electron energies between 39 and 59 eV. For the present study a
dissociation cross section of q = 10-17 cm2 is estimated for the 2.5 keV PE and the contribution of SE with an
energy above 11.2 eV is in this estimation neglected.



- 7 –

irradiation the quantity of adsorbed carbon is many orders of magnitude below the detection
limit of AES.

4.2 EBID on technical copper surfaces

The CO and CO2 partial pressures in UHV have no measurable influence on the C-KLL
peak intensity evolution on a technical copper surface at RT. Similar results have been obtained
on sputter cleaned copper surfaces during electron irradiation and simultaneous injection of
either CO, CO2 or CH4 [13]. Thus, EBID of carbon from gas phase molecules on copper is in
UHV below the detection limit of AES. This is in agreement with above EBID calculations,
which show that the dissociation rate on the copper surface at a CO pressure of 10-7 mbar is
only in the order of dNdiss/dt � 103 min-1 cm-2.

The reason for the constant, pressure independent carbon deposition, at a rate of
approximately 1012 molecules min-1 cm-2, cannot be explained by the presented measurements.
An electron stimulated adsorption from gas phase molecules can be excluded since all possible
mechanisms give rise to a pressure dependent deposition rate. A possible explanation could be
the deposition of carbon-containing radicals or ions, which are produced at a constant rate by
the electron beam through ESD from aperture surfaces inside the electron gun. Such species would
only be deposited onto the sample area which is in line of sight with the electron gun opening.

4.3 The ESA mechanism on saturated TiZrV getter surfaces

In the following considerations it is assumed that localised substrate heating by the
electron beam is negligible. The localised sample temperature increase under the experimental
conditions has been estimated according to Pittaway [24] as less than 1 °C, using the thermal
conductivity, density and specific heat of zirconium.

On saturated TiZrV surfaces a carbon deposition from gas phase CO and CO2 is observed
at RT. After 3 - 4 hours irradiation and simultaneous gas exposure at 10-7 mbar CO or CO2

approximately 1 ML of carbon is adsorbed on an activated and saturated TiZrV surface.

From equation (2) it follows that, in ultra high vacuum, EBID from CO and CO2

molecules occurs at such a low rate that it can not be detected by AES (at RT). Hence, there
must be another mechanism by which the electron stimulated carbon adsorption takes place on
the saturated getter surface.

The electron irradiation modifies the saturated NEG surfaces in such a way that they can
form stronger bonds with CO and CO2. The CH4 pressure has no influence on the rate of the
C-KLL intensity variation during continuous electron irradiation of getter surfaces, which is
explained by the fact that CH4 molecules are not pumped by NEG at RT [25].

Electron induced defect creation is indicated by the Zr-MNV peak shape changes (Figure 7)
and the O-KLL signal depletion during electron irradiation of air exposed TiZrV. These
features show that at least ZrO2 is reduced by the electron beam. Previous studies have shown
that adsorption energies are higher on defect positions than they are on ideal surfaces [26].

The fact that on the air exposed NEG the amount of carbon increases, whereas the amount
of oxygen decreases, during electron irradiation is a clear indication that the CO and CO2

molecules are dissociated on the NEG surface. However, the alternating electron and CO
exposure measurements show that the electron induced surface defects on the initially saturated
NEG are sufficient for the chemisorption of CO. The subsequent electron radiation is then
required for the creation of new surface defects, which allow the CO adsorption to proceed. In
this way the ESA process on saturated getters differs from the EBID mechanism for simple
physisorption, which requires the dissociation of the physisorbed molecules leading to their
permanent adsorption.
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The rate of electron stimulated carbon adsorption at a CO or CO2 pressure of 10-7 mbar
decreases with increasing carbon coverage, and after about 3 h irradiation time, it approaches
the rate that is observed during electron irradiation at a total pressure of 10-9 mbar. This
indicates that the adsorbed carbon layer is less reactive than the NEG substrate (from the
C-KLL peak shape evolution it appears that the adsorbed carbon is mainly in the form of
graphite). One can therefore expect that, unlike EBID, the ESA process stops when a certain
surface coverage of the adsorbate is obtained.

When no gas is injected into the experimental chamber the C-KLL intensity on the
saturated TiZrV surface increases linearly with electron irradiation time. Since on the copper
surface a similar rate of carbon uptake is observed it is likely that the reason for the linear
C-KLL intensity increase is in both cases the same.

4.2 The relevance of electron stimulated carbon adsorption for the conditioning of
particle accelerators and for surface analysis measurements by AES

Electron stimulated carbon adsorption during the operation of particle accelerators

On the internal surfaces of copper UHV equipment in accelerators, which are operated at
RT, an electron beam deposition of carbon is not expected. However, from equation (2) it
follows that the sample temperature has an important influence on the EBID rate, since the
equilibrium surface density NE depends strongly on the mean sojourn time �. If � were, for
instance, raised to 0.1 s by cooling the substrate, about 0.2 ML of carbon per minute could be
continuously deposited at a CO pressure of 10-7 mbar under the same experimental conditions
as those described above.

Hence, on internal copper surfaces of UHV systems, which are kept at cryogenic
temperatures, a continuous electron beam carbon deposition may occur with a significant rate if
the relevant partial pressures and the electron current density are sufficiently high. Such
conditions may, for instance, be met during a resonant electron multiplication process
(multipacting) in copper coated auxiliary equipment of superconducting radio frequency
cavities for particle acceleration [27]. In such equipment, the electron beam deposition of
carbon might be one reason for the strong change of surface properties, such as the change of
the secondary electron yield.

On getter surfaces an electron stimulated carbon adsorption may occur at RT, but in this
case the deposition rate will strongly slow down after the adsorption of approximately 1 ML of
carbon. If the saturated getter is cooled, EBID can proceed in the same way as it occurs on a
cold copper surface.

Artefacts in AES caused by electron stimulated adsorption

When Auger spectra are acquired in a reasonable time electron beam damage through
EBID is negligible, while ESD can cause significant variations of the surface composition.

The defects, which are created during an AES analysis, can make a saturated getter
surface active, so that it can adsorb residual gas molecules. Therefore, if a previously irradiated
surface area is analyzed again after it has been stored for certain time in the experimental
vacuum chamber, a markedly different surface composition compared to that of the as-received
(non irradiated) surface may be observed. The rate of residual gas adsorption subsequent to the
electron beam damage depends on the substrate material, the number of created defects and the
residual gas pressure and composition.
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5. CONCLUSION

The carbon deposition rate from carbon containing gas species that is induced by an
electron beam impinging on the surface depends crucially on the properties of the substrate
material.

On copper vacuum chambers that are operated at RT, the electron beam induced
deposition of carbon from gas phase CO and CO2 is negligibly small (below the detection limit
of AES). However, at cryogenic temperatures, at which accelerator copper equipment is often
used, a significant electron beam induced carbon deposition rate may occur.

On a TiZrV getter that is either saturated by the injection of a large quantity of CO or by
an air exposure, electron stimulated adsorption of carbon is observed when the residual gas
contains either CO or CO2, while the CH4 pressure has no influence on the carbon deposition
rate. The creation of defects by the electrons impinging on the surface is sufficient to stimulate
the adsorption of CO and CO2. During the subsequent dissociation of the adsorbed molecules
by the electron beam, carbon remains on the surface while most of the oxygen is removed from
the surface.
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Figure 1: Carbon KLL Auger peaks before and after 130 min electron irradiation of TiZrV at a
CO pressure of 10-7 mbar. Prior to the electron exposure the TiZrV surface was fully activated
and then saturated with 3000 L CO. The EN(E) spectra (left graph) are normalised at the 600 eV
background signal and afterwards numerically differentiated (right graph). The peak area is
determined after subtraction of a linear background from 200 to 285 eV. The relative increase of
the C-KLL intensity by a factor of 2.8 can only be detected from peak area measurements.

Figure 2: Auger peak areas (Zr-M45N23N23, O-KLL, C-KLL) as a function of the sample position
around the sample spot which was irradiated during 130 min at a CO pressure of 10-7 mbar. The
sample is an activated TiZrV NEG, which was saturated with 3000 L CO prior to electron
exposure.
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Figure 3: Direct EN(E) (left plot) and derivative dEN(E)/dE Auger spectra of a TiZrV thin film,
after different electron irradiation times and a simultaneous CO injection at a pressure of
10-7 mbar following an in-situ activation and saturation with 3000 L CO.

Figure 4: Variation of the C-KLL intensity as a function of irradiation time on a TiZrV sample,
which was activated and saturated with 3000 L CO. The PE current is 10-6 A and the PE beam
area is approximately 0.02 mm2. The total N2 equivalent pressure in the vacuum chamber before
CO injection is 10-9 mbar with CO and CO2 partial pressures of about 10-10 mbar.

50 250 450
kinetic energy (eV)

E
N

(E
)

166B 10-7CO

2 
min

10 
min

85 
min

270 
min

50 250 450

kine tic energy (eV)

d
E

N
(E

)/
d

E

2  
m in

10 
m in

85 
m in

270  
m in

C-KLL
O-KLL

C l-LMM

Zr-MNN

Ti-LMM

V-LMM

0

100

200

300

400

500

600

700

800

0 50 100 150 200 250 300 350 400
Electron irradiation time (min)

C
-K

LL
 p

ea
k 

ar
ea

 (
a.

u.
)

No injection

10-7 mbar CH4

10-7 mbar CO

10-7 mbar CO2

10-8 mbar CO

ptot = 10-9 mbar

10-7 mbar CH4

10-7 mbar CO
10-7 mbar CO2

10-8 mbar CO



- 13 –

Figure 5: Variation of the Zr-MNN, C-KLL and O-KLL intensity during alternating electron
and CO exposure. During electron irradiation the total pressure is 10-9 mbar. 10 min of electron
irradiation correspond to approximately 10-2 C/mm2. The arrows indicate exposures of 1000 L CO
(100 s CO injection at 10-5 mbar), which are carried out with the electron beam switched off.

Figure 6: Variation of the C-KLL and O-KLL Auger peak intensities as a function of electron
irradiation time at a total pressure ptot = 10-9 mbar and during simultaneous CO2 injection at 10–7

mbar. The substrate is a TiZrV coating as received after deposition and 1 h air exposure.
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Figure 7: Characteristic zirconium and carbon peaks in the derivative dEN(E)/dE Auger electron
spectra after different e- irradiation times without gas injection (left plot) and during 10-7 mbar
CO2 injection (right plot). The Zr-MNV peak at 142 eV is characteristic for Zr in ZrO2 and the
peak at 147 eV is characteristic for Zr metal.

Figure 8: Variation of the C-KLL intensity as a function of electron dose on a copper substrate
at different CO and CO2 pressures. Before the measurements the copper sample has been
chemically cleaned and exposed to air.
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