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Summary 

Low-Energy Ion Scattering (LEIS) is a technique that can offer information 
conceming the compo~ition and structure of the topmost atomie layer of a solid. 
The presence of contaminants on the surface will decrease the quality of this 
information. Therefore LEIS experiments are done in ultra high vacuum (UHV) 
systems. 

The surface composition of a sample can be deduced from the energy distribution 
of the scattered ions. Because of its small mass, hydrogen can not be detected. 
Nonetheless a large amount of hydrogen may be present on the surface, due to 
the preparation of the sample or adsorption, as the residual gas in an UHV system 
consists mostly of hydrogen. 

It is known that hydrogen can obscure other elements [TAG78], but most of this 
knowledge is limited to He+ scattering. In this work the influence of hydrogen on 
LEIS signals is studied using 4 ke V Ne+. The samples that were investigated 
consisted of Pt, Pd and Ge or combinations hereof. 

It was found that the presence of hydrogen can cause a decrease in the intensity 
of LEIS signals of nearly 100%, due to neutralization. Hydrogen doesnotaffect 
the surface composition of a sample, nor does it obscure one element in an alloy 
more effectively than another. The sputter dose that is required to remove the 
hydrogen from a surface was fitted to a model. From the results of the fitting, 
sputteryields for hydrogen were determined. 

The presence of hydrogen as a residual gas will cause the surface to be partly 
obscured, even during measurements. The magnitude of this effect depends 
mostly on the ion current density. 

It seems likelythat matrix effects occur for Pt75G~. The surface composition of 
the other samples was determined using two different LEIS machines. The results 
from these experiments did not match, probably due to a difference in sputtering 
intensity. 
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CHAPTER 1 

Introduetion 

Surface science bas been a subject of growing interest in the past decades. Many 
phenomena depend on the composition and structure of the surface of an object, 
such as adhesion, corrosion, catalysis and other chemical reactions. Detailed 
knowledge about surfaces is not only of interest to scientists, but also to the 
chemical and electrotechnical industry. 

There are many techniques available with which the surface can be analysed. One 
of these techniques is Low-Energy Ion Spectroscopy (LEIS). With LEIS, mono
energeticions with an energy between 0.5 keV and 10 keV, are scattered off the 
atoms in the surface, resulting in an energy-loss. lt is possible to determine the 
composition and structure of the surface from the energy spectrum and angular 
distribution of the scattered ions. 

An important advantage of LEIS is that the information depth is limited to the 
outermost atomie layer. This sensitivity brings also complications: if the surface 
is polluted or a gas is adsorbed onto it, the signals of the elements of interest may 
be greatly diminished. 

Because of its high reactivity, the surface of a solid will be contaminated when 
investigated under normal pressure. The development of ultra high vacuum 
(UHV) technology in the late sixties, made it possible to prepare clean surfaces 
and maintain these for some time during experiments. 

Every UHV system contains a certain amount of residual gas, most of which is 
hydrogen. This may react with the sample, just like the other gases. The only 
difference is, that hydrogen cannot be detected with LEIS (nor with many other 
techniques). Therefore, little is known about the effect of hydrogen on LEIS 
signals. 

Taglauer [TAG78], Brongersma [BR078], Kelso [KEL85] and Diehl [DIE84] 
notleed that hydrogen can obscure metals from detection with LEIS. However, it 
is not known whether hydrogen will preferentially cover specific elements, and 
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Introduetion 

information with regard to sputteryields for hydrogen is only available for 
scattering with helium. 

One aim of this work was to gather information concerning the influence of 
adsorbed hydrogen on LEIS signals from pure samples and alloys. The second 
aim was to investigate the sputteryield of hydrogen. The samples consisted of 
combinations of Pt, Pd and Ge. The surface composition of the alloys was to be 
determined as well. 

In chapter 2, the LEIS and its theoretical aspects are presented. Chapter 3 
provides information concerning the apparatus and experimental procedures used. 
The raw data from the experiments had to be processed before analysis. The 
processing methods are described in chapter 4. Chapter 5 brings a survey and 
discussion of the results. Finally, the conclusions are presented in chapter 6, 
along with some recommendations for future experiments. 

The injluence of hydrogen on LEIS signals 2 



CHAPTER 2 

Theory 

In Low-Energy Ion Scattering (LEIS) a sample is bombarded with mono-energetic 
(inert) gas ions (0.5 keV to 10 keV). When anion reaches the surface of the 
sample, it will collide with an atom, or pass through the first atomie layer and 
penetrate the bulk. In a rollision an ion loses a certain amount of energy, which 
is related to the mass of the atom. By measuring the energy spectrum of the scat
tered ions, information about the rollision (and thus the target atom) is obtained. 

There are two reasons to use inert gas ions rather than any other type of ions. 
The first reason is that inert gas ions are likely to be neutralized during the period 
that they interact with the sample. If an ion collides with more than one atom the 
probability for neutralization increases greatly. If an ion penetrates several layers, 
interaction with the electrans in the sample will also result in a high chance for 
neutralization. In LEIS only scattered ions are detected, thus guaranteeing that 
most information comes from the outermost layer of the sample. The second 
reason is that low-energy ions have a large differentlal cross section. Therefore 
enough ions will collide with atoms in the topmost layer to obtain a signal of 
adequate intensity. 

In this chapter LEIS and the relevant theoretical aspects will be briefly discussed. 

2.1 Binary collissions 

In order to describe the interaction betweenanion and an atom, it is important to 
know which effects are of influence in the LEIS-regime. 
• There are no diffraction effects, as the De Broglie wavelength of the ions is 

much smaller than the interatomie distance. 
• There is only interaction with one atom at a time, as the distance of ciosest 

approach between the ion and the atom is smaller than the interatomie 
distance, and the interaction potentlal decreases faster than the inverse of the 
distance. 

• The rollision time is much smaller than the vibrational period of the atom 
oo-16 s compared to w-13 s), so the atom can betaken as stationary. 
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Theory 

Figure 2.1 Schematic representation of the scattering process. 

The scattering process can thus be described as a series of elastic binary collis
sions (see tigure 2.1). Using the laws of energy and momenturn conservation one 
derives that the tinal energy <Er) of anion only depends on the primary energy of 
the ion <Ei), the masses of the ion (m) and the target atom (mJ and the scattering 
angle (9): 

(1) 

where q = m/mi. 

If the scattering angle is more than 900 (which was the case for all experiments 
related to this work), only the + sign is valid. One can easily see that if q < 1 
no backscattering can take place. By measuring the energy spectrum of the 
backscattered ions, it is thus possible to derive a mass spectrum of the surface of 
the sample. 

2.2 The energy spectrum 

As one can see from equation (1), the scattering of ions off various elements and 
isotopes (each withits own characteristic mass) will result in a corresponding 
peak in the energy spectrum. Every peak bas a certain height, width, and low
and high-energy tail (see tigure 2.2). The shape of the peak is not only caused by 
the characteristics of the element (e.g. the presence of isotopes), but also by the 
experimental setup (e.g. the spread in the primary energy or scattering angle). 
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Theory 

In general, the peak can be split into three parts: 
• A 'surface peak', which is due to ions that have collided with one atom at the 

surface of the sample (binary collision). 
• A 'reionization tail' at the low-energy side of the surface peak. This is caused 

by ions that are first neutralized, penetrate the bulk, are scattered back 
towards the surface and reionize when they leave the surface. 

• A 'multiple collision tail' at the high-energy side of the surface peak. Ions 
that are scattered by more than one atom will lose less energy in comparison 
to ions scattered in a single collision. 

For quantification of the composition of the outermost layer, the surface peak has 
been used, as this only holds information conceming the surface. More infor
mation about the shape of LEIS spectra can be found in [ELF94]. 

~T 
400) 

Pd 

binary collisions 

3500 

reionized particles 

1500 

100) 

500 

0 

Figure 2.2 A typical LEIS spectrum: polycrystalline Pd investigated with 4 keV Ne+. 

2.2.1 Qualitative analysis 

In order to be able to interpret a LEIS spectrum and deduce the composition of a 
surface, it is important that the various peaks corresponding to different elements 
in the spectrum are easily seperated. In general one tries to achieve a maximal 
energy seperation and a minimal peak width. 
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Theory 

The energy seperation of two peaks is determined by: 
• the difference in mass of the two target atoms, 
• the ion used, 
• the primary energy of the ion, 
• the scattering angle. 

The width of a peak is determined by: 
• an instromental function (e.g. a spread in the scattering angle), 
• inelastic effects in the scattering process, 
• the spread in the primary energy of the ion, 
• thermal broadening caused by vibration of the target atoms. 
Of these effects, the first two are the most important. 

2.2.2 Quantitative analysis 

The total number of detected ions scattered off atoms of element M in the surface 
(Y M) can be written as the product of several factors: 

do(M E. 1• 9) 
Y =N · ''' ' ·P.(ME.I.)·I·äO·e(E) (2) 

M M dO ' t' f 

where 
• NM is the number of atoms of element M per surface area, 
• do/dO is the differentlal cross section forscattering of anion I+ of energy ~ 

off an atom of element M over an angle 9, 
• p+ is the ion fraction of the backscattered particles, 
• I is the incident ion flux, 
• .!lO is the acceptance solid angle of the analyser, 
• e is the detection efficiency of the system for ions with energy Er· 

Of the factors in equation (2), YM, I and .!lO are experimentally determined or 
known beforehand. The differentlal cross section can be calculated using screened 
Coulomb potentials to describe the interaction between ion and target atom. In 
order to do a quantification of the surface composition (i.e. determine NM), it is 
necessary to have values for p+ and e. 

By using samples of pure elements (with known surface densities), the product of 
these factors can be determined. If the chemical environment has no influence on 
the neutralization behaviour of element M (no matrix effects), the value of eP+ 
can be used to calculate the surface density of element M in other samples. 
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At this moment, there are no good models to predict the presence of matrix 
effects, although it is possible to test this. Matrix effects are dependent on the 
energy of the ion. By measuring the signals of a composite material at various 
initia! energies and oomparing these to the signals of pure samples, the presence 
or absence of matrix effects is determined. In most cases it seems valid that for a 
sample that consists of elements with a similar electronic structure, matrix effects 
can be neglected. 

2.3 Neutralization 

The ion fraction p+ is partly determined by the neutralization behaviour of the 
target atom. The basic mechanisms for neutralization, frrst described by Hagstrum 
[HAG54], are Auger neutralization, valenee level resonance neutralization, core 
level resonance neutralization and radiative neutralization (see tigure 2.3). 

ls ls z:;c;s- ls ls 

(a) (b) (C) (d) 

AUG ER V ALENCE-LEVEL CORE-LEVEL RADIATIVE 
NEUTRALilA TION RESONANCE RESONANCE NEUTRALIZA TION 

NEUTRALIZA TION NEUTRALilA TION 

Figure 2.3 Possible neutralization processes of He ions at solid surfaces. 

In the case of Auger neutralization an electron is transferred from the surface 
valenee band to the 1s level of the He ion. The energy that is released, is used to 
emit another electron. Auger neutralization can occur if the ion is close enough to 
the atom ( = 2Á). In radiative neutralization the released energy is used to emit a 
photon. As the lifetime for radiation ( = w-s s) is long compared to the time that 
the ion is close enough to the atom ( = 1()16 s), the probability for radiative 
neutralization is very small. 

If the 1s level of He is closetoa core level of the target atom, or the 2s or 2p 
level is close to the surface valenee band, resonance neutralization is possible. In 
this case an electron can transfer from the surface to the ion without energy loss. 

The injluence of hydrogen on LEIS signals 7 
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It is then possible that the electron transfers back to the surface, thus reionizing 
the He. Whether the He ion is still ionized at a large distance from the target 
atom depends on the total interaction time. 

For Ne ions the same neutralization processes apply, although the energy levels 
of Ne differ from those of He. The ion fractions are higher for Ne+ scattering 
than for He+ scattering: approximately 20% in comparison to 8%. 

A more detailed description of neutralization processes and ion fractions can be 
found in [NIE93]. 

2.4 Shadowing and blocking 

Shadowing and blocking effects can cause the scattering intensities to differ from 
those expected by the compostion of the surface. To explain this, the concept of 
the shadow cone has to be introduced. In figure 2.4, a large number of possible 
trajectories are shown for anion that is scattered off a surface atom. Bebind the 
atom there is a region were no ions can come, the so-called shadow cone. 

The size and shape of the shadow cone depend on the atom, the ion and its 
energy, and the interaction potential between the two. If an atom lies within the 
shadow cone of another, it cannot be seen. Furthermore, if an atom lies in the 
pathof a scattered ion, the ion will not be able to reach the detector (see figure 
2.5). 

If a surface is polluted, shadowing and/or blocking will decrease the intensity of 
the signals in comparison to a clean surface. It is also possible that the presence 
of the contaminants influences the neutralization. In the case of an oxidized 
surface that is investigated using Ne ions, no other information conceming the 
pollution will be found, as oxygen is lighter than neon and does not result in 
backscattered ions. 

It is possible to use the shadowing/blocking effect to investigate the surface 
structure of crystalline materials. This technique is not relevant to the work 
described in the report, but more details may be found in [NIE93]. 
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Figure 2.4 The occurrence of a shadow cone behind an atom. 
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Figure 2.5 Schematic repfesentation of shadowing and blocking effects. 
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CHAPTER 3 

Experimental aspects 

LEIS distinguishes itself from other analysis techniques by its sensitivity for the 
outermost atomie layer of a sample. Unfortunately, the measurements themselves 
damage the surface due to the impinging ions. A great deal of effort has been 
made to keep this damage as smal! as possible. 

In order to make better use of the scattered ions than with conventionel LEIS 
equipment, the Energy and Angle Resolved Ion Scattering Spectrometer (EARISS) 
has been developed at the Eindhoven University of Technology in the Surface 
Physics Group. The main advantage of this apparatus is found in the simultaneous 
detection of energy and azimuthal distributions of scattered ions without scanning. 

This chapter will give a brief description of the EARISS apparatus. More detailed 
information has been given by Hellings [HEL86], van der Meulen [MEU88] and 
Ackermans [ACK90]. At the end of the chapter, the preparation of the samples is 
described, as well as the standard procedure used for the experiments. 

3.1 The set-up 

The EARISS is integrated in an ultra-high vacuum (UHV) system (see figure 
3.1). This consistsof a central chamber with the sample at its centre. The sample 
is positioned on an automated manipulator which has six degrees of freedom. 

The EARISS analyserand detector are positioned directly above the sample. 
Above the central chamber, the primary ion souree and focussing elements are 
mounted; the ion beam passes through the centre of the analyserand the detector. 
A second ion souree is available with which the surface of a sample can be 
cleaned through sputtering. The sample can be heated radiatively. 
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primary ion souree 

focussing elements 

sputtersouree 

TOF ion souree •._ " I, ••••••••••••·• 
sample_.·~·· TOF detector 

iongetter pump 

titanium-sublimation pump 

Figure 3.1 Schematic representation ofthe EARISS set-up. 
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The UHV environment is necessary to prevent pollution of the surface. The base 
pressure of the system is approximately 10"10 mbar. In order to make a quick 
exchange of target samples possible, a storage room is connected to the central 
chamber. Up to seven samplescan be stored there at a pressure of 10"9 mbar. The 
pressure in the system is maintained by using a turbopump, two iongetter pumps 
and two titanium-sublimation pumps. 

It is possible to treat a sample by introducing gases into the central chamber. 
Analysis of (residual) gasses in the central chamber is done by means of a 
Vacscan mass spectrometer. In addition, a special preparation chamber is con
nected to the set-up where pressures up to 1 atm can be used. It is possible to 
move from the central chamber to the preparation chamber without affecting the 
vacuum in the set-up. 

Theset-upis also equiped withother analysis techniques, such as Time-Of-Flight 
Scattering And Recoil Speetrometry (TOF-SARS) and Low-Energy Electron 
Diffraction (LEED). 

3.2 The analyser 

Ions that are scattered through 145° are lead to the detector using electrostatic 
deflection units: the analyser (see tigure 3.2). The acceptance angle of the 
analyser was set to 3.27°, which is its maximum value. A smaller acceptance 
angle results in a higher energy resolution, but decreases the total signal. 

The voltage on the plates of the analyseris chosen so that ions with a certain 
energy ~ass will follow the central trajectory. If the energy differs more than 6% 
of this ~ass• the ion will not be able to reach the detector. An accelerating section 
with focusing elements ('zoomlens') is positioned at the entrance of the analyser. 
The combination of the acceleration voltage and ~ass defines the part of the 
energy spectrum that will be analysed. 

3.3 The detector 

At the exit of the analyser, the energy of the ionsis linearly dependent on the 
distance to the central axis, with the lowest energies at the outside. As the 
analyser is rotationally symmetrie, the information concerning azimuthal distribu
tion is preserved. 
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mass filter I I 
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Figure 3.2 Schematic representation of the EARISS. 
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Figure 3.3 Misplacement of the electron clouds on the collector. 

Figure 3.4 Schematic representation of the collector. The sickles increase in width with the 
azimuth </>, the rings increase in width with the radious R. 

In order to detect the ions, two channelplates are used: the first with a thickness 
of 1 mm, the second with a thickness of 0.5 mm. Both amplify the incoming 
charge by three orders of magnitude. 1t is important that the position relative to 
the axis of the resulting electron cloud does not differ much from the position of 
the original ion, as this gives information about the energy and azimuthal distribu
tion. 
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Experimental aspects 

As one can see in tigure 3.2, the channels in the second plate are at an angle with 
the channels of the tirst plate (13°). This prevents the so-called ionic feedback 
(see [KRU92]). The electron cloud that leaves the second channelplate will drift 
several millimeters before reaching the collector. Because of the angle of the 
channels in the second plate, this drift will also cause a misplacement of the 
signal (see tigure 3.3). In chapter 4 a metbod for correcting this effect is de
scribed. 

The collector bas been designed to measure both the energy and the azimuthal 
information simultaneously. It contains three types of strips: circles that increases 
in width with increasing radius (E-strips), sickles that increases in width with 
increasing azimuthal angle (c/>-strips), and one connected to ground. A schematic 
representation of the collector is shown in tigure 3.4. 

The electron cloud that leaves the second channelplate is large enough to cover 
several strips. The larger the conducting area on a strip that the cloud hits, the 
more charge will be transferred to the strip. From the charge on each of the strips 
and the total charge (measured at the second channelplate), it is possible to 
determine the position of the electron cloud, and thus the energy (E) and azimu
thal angle (cl>) of the scattered ion. 

The detection of a scattered ion is registered in an array of 101x101 elements. 
Each element corresponds to a unique combination of energy and azimuthal angle. 
The summed value of a column or row of theseelementsis called a channel. 

3.4 Preparation of samples 

Before the samples were entered in the UHV set-up, they were prepared to create 
smooth and clean surfaces. The etching methods described below were taken from 
the CRC Handhook of Metal Etchants. 

The samples of the alloys were cut out of the originally button shaped, well 
mixed material, using a diamondwire saw. If necessary, they were levelled with a 
polishing machine. 

3.4.1 Etching methods 

Pt and/or Pd rich samples: 
The etching liquid used consistedof 1 part HN03 (60%) and 3 parts HCl (36%). 
The sample was submerged in the liquid. After a few minutes (when the gas 
creation had receded) the sample was cleaned in <;H50H. 

The influence of hydrogen on LEIS signals 15 



Experimental aspects 

Ge sample: 
The etching liquid used consisteel of boiling HN03 (60% ). After submergence of 
the sample for a few minutes, the sample was cleaned in destilled water. The next 
step was submergence in HF (40%), after which the sample was cleaned in 
destilled water again. 

3.4.2 Polishing 

All samples were polisbed after etching, using Al20 3 powder. Two or three grain 
sizes were used (50 ~tm downto 0.5 ~tm). When no more scratches were visible, 
the sample was cleaned in destilled water and ~H50H. 

3.5 Experimental metbod 

In order to investigate the influence of hydrogen on the samples and their signals, 
the samples were treateel with hydrogen. To decrease the influence of the exact 
amount of hydrogen used, the sample was exposed to a high enough dose to 
guarantee saturation of the surface. Typically this consisteel of exposure to 3 mbar 
H2 for 30 minutes. This was done in the preparation chamber. It is possible to 
move the sample from the central chamber to the preparation chamber, treat it 
with H2 and put it back without break:ing the vacuum. 

After exposure to H2, the hydrogen was removed from the surface in small and 
controllable portions. The size of the spot of the primary beam on the sample is 
approximately 0.1 cm2• Any inhomogeneities in the beam profile would result in 
an inhomogeneous removal of hydrogen. There is no information on the intensity 
distribution within the spot. 

For this reason a different ion souree was used to remove the hydrogen. This ion 
beam has a spotsize of approximately 0.3 cm2 which is scanned over an area of 
10± 1 cm2• Any inhomogeneities in the beam intensity will disappear because of 
the averaging effect of the scanning. Also, since the iondoseis spread over a 
larger area, the amount of ions per square centimeter is easier to controL Both 
the primary beam (with which measurements were done) and the sputter beam 
used 4 ke V 20Ne ions with the incoming trajectories perpendicular to the surface. 

After the treatment and after each sputter dose, the signals of all relevant ele
ments are measured, using anion dose that didn't significantly influence the 
hydrogen coverage (typically 0.2 ~tC/cm2 per measurement, compared to 
10 ~tC/cm2 fora sputter dose). 
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CHAPTER 4 

Data analysis methods 

The EARISS has been designed to give detailed information on the energy and 
azimuthal distribution of scattered ions. Nonetheless there are several aspects that 
can lead to a loss of resolution or cause a deviation from the perfect represen
tation of these distributions. Where possible, methods for cancelling these effects 
have been used in order to improve the quality and correctness of the measure
ments, mostly using mathematical procedures. 

In this chapter, the corrections made are described, as well as the metbod for 
transforming the raw data into signals conceming specific elements. 

4.1 Misplacement at collector 

An EARISS measurement gives a two dimensional plot: the 'image' of the 
number of the scattered ions versus the energy and azimuthal angle (see 
figure 4.1). As all the samples used were polycrystalline, the azimuthal distribu
tion of the signal was of no interest. Therefore, the signal was summed over all 
azimuth elements for each energy channel. This resulted in a so-called energy 
profile as shown in figure 4.2. 

In paragraph 3.3 it was explained how the electron clouds teaving the last chan
nelplate will reach the collector with a eertaio misplacement This causes the 
detected ions to be distributed in a S-shape in the image, rather than a rectangle. 
It is necessary to correct for the misplacement before analysing the spectra, as it 
would result in a loss of resolution in the energy profile. 

A computerprogram has been developed to transform the image (see [MEU91]). 
The most important parameter for this correction is the distance between the 
centre of the collector and the centre of the projected electron clouds. The 
corrected spectra came ciosest to the desired shape using a value of 0.85 mm. All 
data has been transformed using this program. 
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Figure 4.1 Example of an EARISS experiment. The solid line indicates the 'window': the 
region of the spectrum for which ions are detected. The S-shape is caused by mis
placement of the signa! on the collector. The image on the right side shows the 
'window' after transfonnation. 
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Figure 4.2 Signa! of a Pd sample using 4 ke V Ne+, summed over all azimuthal channels as 
function of energy channel. 
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4.2 neteetion efficiency 

Kruseman [KRU92] indicated that the detection efficiency is notconstant within 
the 'window'. This means that the measured intensities depend on the exact 
position of the peak in the window. A small change in, for instance, the orien
tation of the sample with regard to the analyser could result in a change in the 
total signal. In this paragraph a way to correct the data for the detection efficien
cy is described. 

By applying an additional accelerating voltage (see paragraph 3.2) it is possible to 
select a specific energy range to be displayed in the 'window'. The peak will then 
shift in the window. The height of the peak at a certain channel is proportional to 
the detection efficiency for this channel, assuming that the energy range per 
channel stays the same. 

In figure 4.3 the peak is moved through the whole of the 'window'. The outline 
of the curves gives the detection efficiency for all energy channels. If the energy 
profiles are divided by this efficiency curve, they show peaks of nearly identical 
shape that have been shifted over 50 eV, corresponding to approximately 4.5 
channels (see figure 4.4). The magnitude of this shift depends on ~ass· 

Strictly speaking, an efficiency curve should be determined for each ~ass· As the 
efficiency is mostly dependent on geometrical aspectsof the detector, and less so 
on the energy of the scattered ions, the efficiency curve for Pd has been used to 
correct all data. 

12CXXX) 

lOOXO 

~ 
8CXXX) 

::J 6CXXX) 
0 
0 

400)) 

2CXXXl 

Channel 

Figure 4.3 Determination of detection efficiency. Between each experiment the acceleration 
voltage is increased with 50 V. 
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Figure 4.4 Energy profiles in.figure 4.3 after division by efficiency curve. 

4.3 Signal normalization 

For quantitative analysis of surface compositions, the intensities of the signals of 
specific elements are of great importance. In order to oompare the results of 
different experiments, it is necessary to use the same metbod each time. 

In tigure 4.5, the energy profile of a Pd sample after correctionsis shown. The 
dasbed region indicates the surface peak of Pd. The area of this region is called 
the yield (Y) for Pd, expressed in counts. The yield depends linearly on the 
incident ion flux (I) and the duration of the measurement (t). The signa/ (S) of 
element M is defmed as follows: 

S(M) = Y(M) 
l·t 

(3) 

The signa! is properly expressed in [cts.A-1.s-1] or [cts.C1]. 

1t is not enough to know the signa! of all elements in the surface of a sample; 
these signals must be compared to reference samples in order to determine the 
surface compostion. The most common reference samples are the pure elements 
themselves. The ratio of the signa! of element M for the sample and the signa! of 
the reference gives -after correction for the surface densities- an absolute value 
for the concentration of element M in the surface. 
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Figure 4.5 Energy profile of a Pd sample, using 4 keV Ne+. The spectrum has been cor
rected for misplacement and tieteetion efficiency. 
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CHAPTER 5 

Results and discussion 

The main point of interest in this project is the effect of hydrogen on LEIS 
signals. As mentioned in chapter 1, every UHV set-up contains a relatively large 
amount of H2, which will adsorb onto the surface. It is necessary to know the 
influence of the presence of hydrogen to interpret results correctly. 

In this chapter .we will first investigate possible matrix effects, then we will 
determine the surface composition of the samples. With this knowledge we can 
interpret the signals for samples partially covered with hydrogen. 

On other LEIS systems it may not be possible to investigate the effect of sub
monolayer coverage of hydrogen with Ne ions, as the damage inflicted on the 
surface during one measurement is too great. In previous research He+ was used 
(see [TAG78],[BR078],[DIE84],[KEL85]). 

In chapter 2, the influence of the choice of ion and primary energy used for 
experiments was described. If He+ is used, it is possible to detect light elements, 
which are likely contaminants. On the other hand, the energy seperation of heavy 
ions is small, and the peaks may overlap. This makes quantitative analysis hard. 
For this work 4 keV 2<Ne+ bas been used. The signals of the relevant elements 
are easily seperated, and the sensitivity for the elements differs little. 

5.1 Matrix effects 

The samples that were used for the experiments are: 
• Pt, Pd and Ge (polycrystalline) 
• Pt75G~, Pd5Ge1 (83% Pd, 17% Ge), PdroPt30Ge10 and P~3Pt32Ge5 
The composition of the samples is expressed in atomie percentages. 

In order todetermine the surface composition of the samples quantitatively, it is 
necessary to have a calibration method, as explained in chapters 2 and 4. The 
easiest way of achieving this, is by measuring the signal of an element in an alloy 
and in a sample of the pure element under the same experimental circumstances. 
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Comparison of these two signals leads (after correction for surface densitieslll) 
to an absolute value of the concentration of the element in the surface of the 
alloy. 

This metbod is only valid, if the chemical environment does not influence the 
neutralization behaviour (and thus p+) of the element. This is also called the 
absence of matrix effects. Currently, the absence or presence of matrix effects in 
LEIS cannot be predicted, though it is possible to check this through experiments. 
The signals of the components of an alloy have to be measured at various primary 
energies. The signals for the alloys are then compared with the signals for the 
pure samples. If there are no matrix effects, the ratio of these signals should be 
the same for all energies. 

To find out whether any matrix effects occur for combinations of Pt, Pd and/or 
Ge, the three pure samples and three alloys (Pt75G~, Pd5Ge1 and Pd63Pt32Ges) 
have been investigated using a different LEIS-machine: the MiniMobis. A 
description of this apparatus is given in [ELF94]. The main difference between 
the MiniMobis and the EARISS is the way the ions are analysed and detected; the 
scattering angle is almost identical for both machines. All samples were cleaned 
by sputtering with 20 p.A 5 keV Ar+ for at least 30 minutes. In tigure 5.1, the 
results of the experiments are shown. 

As one can see, all the relative signals are constant in this energy range, with the 
exception of Ge in Pt75G~. This probably means that there is a matrix effect for 
Ge in an environment of Pt. In that case, it is not easy (or even impossible) to do 
quantitative analysis on PtxGe100_x surfaces. As the relative signals are constant 
for P~3Pt32Ge5 , the matrix effect is probably dirnisbed by the presence of Pd. 
Quantitative analysis should be possible for Pd-rich surfaces of PdxPtyGe10o-x-y· In 
the next paragraph more details are presented. 

5.2 Surface compositions 

From the signals of Pt, Pd and Ge the surface composition of a sample can be 
determined. One must not only divide the signals by the signals of the pure 
samples, but also correctfora change in surface density. In table 5.1 the cal
culated surface compositions are shown. 

[1] Information on surface densities, final energies and sensitivities for Pt, Pd and Ge can be found in 
appendix A. 
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Figure 5.1 Signa! of Pt, Pd and Ge for the alloys relative to the signals for pure samples as 
function of the primary energy. 
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Table 5.1 Surface composition of Pt75Ge25, Pd5Ge1 and Pd63Pt32Ge5 derivedfrom measure
ments on the MiniMobis. The values are all in at%. For all samples, the values 
have been normalized so that a total of 100% is reached. In the columns in
dicated with 'Abs' the value is given for the sum of the surface concentrations if 
no such normalization is used. 

~ 
Pt7sG~ Pd5Ge1 P~3Pt32Ges 

Pt Ge Abs Pd Ge Abs Pt Pd Ge Abs 

I 

+4% ±4% +6% +4% +4% +6% +4% +4% ±2% +7% 

1500 65 35 109 

2000 57 43 154 65 35 100 47 43 10 97 

2500 56 44 129 63 37 98 41 50 9 95 

3000 64 36 112 

3500 65. 35 120 68 32 99 49 43 9 96 

4000 63 37 133 

There are two important things to be noted from table 5 .1. First, the experiments 
give differing surface compositions of ~5G~ for varying energies, which was 
to be expected from the presence of a matrix effect. The averaged absolute con
centrations (i.e. not normalized) are 82%+5% for Pt and 53%+12% for Ge. - -
These add up to more than 100% (134% ± 14%) which is another indication for 
matrix effects. 

Second, Pd5Ge1 and Pd63Pt32Ge5 both show twice as much Ge as one would 
expect from the bulkcomposition. For P~3Pt32Ge5 the Pt concentration is higher 
as well. The total concentrations add up to approximately 100%, which indicates 
that the calibration method is correct. The difference between surface and bulk 
composition can be explained as follows. The increased Pt concentration is 
probably caused by preferentlal sputtering. Ge has a smaller surface energy and a 
smaller atom size than Pd and Pt, so segregation of Ge can be expected. 

Investigation of segregation effects in P~3Pt32Ge5 was done by heating the sample 
up to 4000C. There was no change in the signals of Pt, Pd or Ge. This means that 
the segregation is complete even at room temperature, because the diffusion speed 
is large enough. 

SimHar experiments were doneon the EARISS. The pure elements and two alloys 
(Pd5Ge1 and PdooPtJoGe10) have been cleaned using the sputtergun (2 p.A 2 ke V 
Ar+ or 2 p.A 4 keV Ne+ for at least 1 hour). In appendix 1 information concer-
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ning Pt, Pd and Ge is given. Table 5.2 gives the total surface composition of the 
alloys, after normalizztion to 100%. Due to problems with the incident ion 
current measurement, no absolute values can be given. The surface composition 
seems to agree perfectly with the bulk composition, which suggests that there is 
no segregation. 

Table 5.2 Surface composition of Pds<Je1 and Pdr,ol't30Ge10, derivedfrom experiments on the 
EARISS using 4 keV Ne ions. The values are in at%. For both samples, the values 
have been normalized so that a total of 100% is reached. 

~ample Pt (at%) I Pd (at%) I Ge (at%) 

Pd5Ge1 

I 31±31 
~±41 15±21 

P<fwP1:30Ge10 59+4 10+2 

The results for the EARISS (bulk composition on surface) do oot agree with those 
from the MiniMobis experiments which yielded a Ge concentration in the surface 
that was twice the bulk concentration. To be precise: for PdsGe1 we find 
85%±4% and 15%±2% for Pd and Ge using the EARISS, and 65%±4% and 
35% ±4% using the MiniMobis. 

In the paragraphs 5.3 and 5.4 it is shown that the presence of hydrogen decreases 
LEIS signals. Let us investigate if this can also cause the discrepancy in the 
previous results. 

Durlog experiments, a large part of the residual gas is hydrogen. One reason is 
that H2 is present in every UHV set-up. The second reason is that the primary 
beam brings in an additional amount of H2• 

The hydrogen will react with the surface of a sample, partially coverlog it. On 
the other hand, the ion flux onto the surface will remove a eertaio amount of the 
adsorbed hydrogen. A dynamical balance will be reached, which depends on the 
partial pressure of hydrogen, the sticking coefficient and the intensity of the ion 
beam. 

The beam intensity used is much larger than for the MiniMobis than for the 
EARISS (30 ~ compared to 2 nA). Therefore, hardly any hydrogen will remaio 
on the surface if the experiment is doneon the MiniMobis. Por the EARISS, the 
signal may be lower than can be expected for a perfectly clean sample, due to 
hydrogen coverage. 
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It is known that hydrogen adsorbes well onto Pd (and penetrates into the bulk). 
The effect described above would cause the signal of the pure Pd sample to be 
too low. If we assume that the coverage for Pt, Ge and the alloys is less (and 
therefore the signals higher), calculation of the surface composition would result 
in a value for Pd which is too large. 

In order to explain the differences completely, a coverage of 50% would be 
necessary. It is unlikely that this much hydrogen is adsorbed on the surface 
during the experiments. So, even if we assume that the Pd sample is much more 
affected by the presence of hydrogen, the results for the EARISS and MiniMobis 
cannot be brought to agreement. 

5.3 The influence of hydrogen on pure samples 

The presence of hydrogen on a surface is sometimes intentional. Exposure to 
hydrogen is a technique often used to reduce a sample. This means that any 
oxygen present on the surface reacts with the hydrogen and will subsequently be 
pumped out of the system. For other samples exposure to hydrogen is an essential 
part of the preparation, e.g. Si crystals. After exposure the sample is covered 
with a eertaio amount of hydrogen. 

It is not possible to detect hydrogen with LEIS, simply because it is too light, and 
no backscattering can occur. Any information about the presence of hydrogen bas 
to be deduced from the changes in the signals of the other elements at the surface, 
or experiments basedon other analysis techniques have to be performed. 

5.3.1 Experiments 

For most of the experiments that will be described in this chapter, the sample bas 
been treated in a special chamber that could be sealed from the rest of the set-up. 
In general it was exposed to 3 mbar H2 for 30 minutes. After the treatment the 
chamber was pumped until a pressure of less than 10"6 mbar was reached. Then 
the sample was placed in the central chamber again. The experiments were done 
as described in paragraph 3.5. 

Figure 5.2 shows the signalof a Pd sampleaftera hydrogen exposure of 2 mbar 
for 30 minutes. As one can see, less than 2% of the signal is left directly after 
treatment. If the hydrogen is slowly removed by sputtering, the signal gradually 
increases until it reaches its original (pre-treatment) value. 
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Figure 5.2 The ejfeci of exposure to 2 mbar H2 for 30 minfor Pd. Through sputtering the 
original signal can be regained. 
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Figure 5.3 Signal of Pd versus total sputter dose. The sample used was polycrystalline Pd 
treated with 2 mbar H2 for 30 min. 

It is important to know the sputter dose required to clear the surface of hydrogen, 
as this can give an indication of the presence and influence of hydrogen in 
'standard' experiments. The removal of hydrogen was done in small steps: after 
each measurement a new sputter dose was applied. In tigure 5.3 the development 
of the signal is shown versus the total sputter dose. A measurement corresponds 
to 0.2 p.C/cm2, which is small compared tothesputter dose (typically 
10 p.C/cm~. 
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5.3.2 Modelling 

In tigure 5.3 we see that the signalof Pd increases with increasing sputter dose. 
We assume that this corresponds linearly toa decreasein hydrogen coverage. The 
most simple model for the removal rate of hydragen takes the probability for 
removing a hydragen atom to be proportional to the hydragen coverage of the 
surface. In that case the coverage should drop exponentially. 

Trying to fit the data to a single exponentlal curve gave no satisfactory results, as 
can beseen in tigure 5.4. The slopeis too small in the beginning and too large at 
the end of the data series. The next step was to try to fit the data using two 
exponentials. The function that describes the development of the signal then 
becomes: 

S = 1-y ·exp(- Dappl)-y ·exp(- Dapp1l 
slow D fut D 

slow fut 

(4) 

where S is the signal relative to the signal of the clean surface before treatment, 
Dapp1 is the total applied sputter dose, D is the characteristic removal dose for the 
element, and 'Y is the initial coverage. 

As said before, there are two different removal doses and initial coverages, 
because the data could not be fit using one. This could mean that there are two 
different types of hydragen present: one strongly and one wealdy bound to the 
surface. If the surface is saturated, both types will be present. Strongly bound 
hydragen is harder to remove, and thus results in a lower value for D. The 
coverage will change slower, hence the subscript slow. 

Table 5.3 Summary of the fitting parameters for Pt, Pd and Ge. 

I Sample I H2 Time 'Yslow Dslow 'Yrast Drast 
(mbar) (min) {p.C/cm~ {p.C/cm2) 

Pt . 3 40 0.77 57 0.19 2.0 

Pd 2 30 0.66 36 0.51 2.3 

Pd w·1 0.2 0.59 65 - -
Ge 2.5 35 0.71 11 0.19 0.47 
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Figure 5.5 Fitting to the model with two exponential curves of the experimental data for Pd 
after exposure to 2 mbar H2 for 30 minutes. 

In tigure 5.5 a fit to the experimental data is shown. Also the contribution of each 
binding type bas been added. In table 5.3 the results for Pt, Pd and Ge are 
summarized. The model fits extremely well to the data for all experiments. 
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5.3.3 Discussion 

One of the assumptions in the model is that the decrease in signa! is linearly 
related to the coverage with hydrogen. In that case we should find an exponentlal 
behaviour in the development of the signa!. As model fits well to the experimen
tal data, this assumption seems valid. 

From table 5.3 it is clear that for Ge both types are five times as easily removed 
from the surface than for Pt or Pd. This can be related to the binding energy of H 
on Ge. In the experiment where Pd was exposed to Ht7 mbar for 10 s ( == 1 Lang
muir), only the strongly bound type was present. A typical sticking factor for Pd 
at room temperature is 0.5. Exposure to 1 L should then result in a drop in the 
signa! of 50%: · the experiments show a drop of 59%. For all samples, 'Yslow is 
greater than 'Yrast· This means that the strongly bound (which will be formed first) 
covers most of the surface. 

If we take another look at figure 5.5, we notice that the curve takes off almost 
immediatly. From this we can conclude two things: 
Every hydrogen atom effectively obscures no more than one surface atom. 
Otherwise a certain amount of the hydrogen on the surface would be redundant, 
and removal of this part would not result in an increase of signa!. 
If hydrogen is absorbed into the bulk or occupies sub-surface positions, subse
quent delivery can influence the characteristic removal dose. Sub-surface hydro
gen can quickly diffuse to the surface and take the place of removed hydrogen. 
Again this would result in a flat region at the beginning of the curve, combined 
with a lower slope. The absence of these symptoms indicates that only hydrogen 
on the surface bas to be considered, and little influence can be expected from 
absorbed hydrogen. 

The change in intensity of LEIS signals due to the presence of hydrogen bas been 
observed by other research groups (see [TAG78], [BR078], [DIE84], [KEL85]). 
There are two reasons why hydrogen would affect the signals: increased neutrali
zation or shadowing/blocking. 

Hydrogen is too lighttoshield the atoms in the surface adequately, as can beseen 
in figure 5.6. The lines in figure 5.6 correspond to possible trajectories for an 
ion. On the left side we see the scattering off a Pd atom; on the right side the 
scattering off a Pd atom which is shielded by a H atom. The paths of the ions are 
altered only slightly. Numerical calculations show that at least 95% of the signa! 
for an unshielded surface should be detected for a surface with a one-on-one 
coverage. 
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Figure 5.6 Schematic representation of the shielding of Pd by H. The lines correspond to 
calculated paths of 4 ke V Ne ions. 

The only other possible explanation for the change in the signals is a decrease of 
the ion fraction (P+). This means that the hydrogen itself causes an additional 
neutralization process, or that the neutralization behaviour of the elements 
changes. 

Neutralization by means of electron exchange between hydrogen and the ion can 
be understood if one looks at the ionization energies for H, He and Ne. These are 
13.60, 24.59 and 21.57 eV respectivily. Neutralization of the ion would result in 
a lower energy for the total system. Therefore the transition could occur if the ion 
passes close enough to the hydrogen atom, while the reverse process is unlikely. 

Buck et al. [BUC75]/[BUC93] mentions another possible explanation. As the ion 
approaches the (hydrogen free) surface, it is neutralized. Atomie levels of the 
target and the projectile atom merge into molecular orbitals (MO's). Electrons 
formerly in lower-energy atomie states are promoted into higher-energyMO's 
and, as the atoms seperate, electroos in the projectile atom areleftin excited 
atomie levels. These excited projectile atoms then decay by an Auger autoionizing 
process emitting energetic electrons. Due to the long lifetime of the excited state, 
the autoionization of the excited atoms occurs relatively far from the surface, 
where additional neutralization is unlikely. The presence of hydrogen might affect 
the MO's, or at least the state in which the projectile atom leaves the surface. If 
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Auger ionization is no longer possible, the projectile atom will remain neutral and 
won't be detected. 

5.4 The influence of hydrogen on alloys 

The analysis of the influence of hydrogen on LEIS signals from pure samples is 
relatively straightforeward, as the composition of the surface is known, regardless 
of the presence of hydrogen. For alloys this is not the case. It is necessary to 
determine whether hydrogen changes the surface composition or disturbs the 
determination of this composition through neutralization. Then it is possible to 
determine whether hydrogen affects each element in an alloy the same way it is 
affected in a pure sample, or that it is possible to describe the effect of hydrogen 
on an alloy with the same values for 'Y and D for all components. 

5.4.1 Experiments 

Samples of Pd5Ge1 and PdooP130Ge10 were investigated using the same methods as 
for the pure samples. The signals of the elements decrease withalmost 100% 
after exposure for both samples, which is in agreement with the results for the 
pure samples. In figures 5. 7 and 5.8 the development of the signals for Pd5Ge1 

and PdooP130Ge10 are shown as function of the total sputter dose. The PdsGe1 

sample has been investigated three times, with differing hydrogen pressures. 
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Figure 5.9 Signa/ of Ge compared to the signa/ of Pd. 

5.4.2 Surface composition 

Weneed to establish whether the surface composition of the alloys change by the 
presence of hydrogen. In tigure 5.9, the signa! of Ge has been plotted versus the 
signa! of Pd for P<fsGe1• As the sputter dose increases, the signals all go up. 
extrapolation of the data yields the same surface composition as the clean sample. 
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We can calculate the surface oomposition using the measurements between each 
sputter cycle. From the fact that the same oomposition (within experimental 
errors) is found every time, and the fact that this is the same oomposition as for 
an untreated sample, we can oonclude that the presence of hydrogen bas no 
influence on the surface oomposition. 

5.4.3 Modelling 

The samemodel as used for the elements bas also been applied to fit the ex
perimental data for the alloys. In table 5.4, a summary of the results of the fitting 
are shown. For P<JsGe1 we see a large spread in the values for Dstow and Drast· 
For exposure to 0.1 mbar H2 no lightly bound hydrogen is found. For exposure 
to 3 mbar H2 the data for Ge in Pd5Ge1 oould be fitted using values forDslow 
between 12 and 42 p.C/cm2• 

5.4.4 Discussion 

The values forDslow and Drast for Pd5Ge1 are roughly between the values found 
for Ge and Pd. There is no indication that the influence of hydrogen is different 
for the Pd or the Ge in the alloy. If we oompare the development of the signal for 
Pd with the signal for Ge, we only find differences for small sputter dose. In this 
region the error in the determination of the signal is the greatest (at least 20%). 

For PdroPt30Ge10 all values for D are ten times as large as expected from the 
results for the pure samples. Dslow is wellover 100 p.C/cm2, which indicates that 
heavy atoms are sputtered rather than hydrogen. Apparently the sample was 
oontaminated during the treatment. The value for Drast is oomparabie to the 
normal value for Dslow· The removal rates for hydrogen will be oombined in this 
factor. 

5.5 Other aspects concerning hydrogen 

So far, we have investigated several aspects of hydrogen using Ne+. We have 
found a radical· decrease in the intensity of the signals, but no influence on the 
surface oomposition of the sample. It bas been possible to fit the data to a model 
for the removal rate of hydrogen. With this model we have found characteristic 
removal doses for Pt, Pd and Ge. 
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Table 5.4 Summary of the results of fitting the experimental data to the model for the alloys. 

I mement I H2 Time 'Yslow Dslow 'Yrast Drast 
(mbar) (min) (p.C/cm2) (p.C/cm2) 

PdroJ>t30Ge10 

Pt 3 30 0.72 303 0.23 15 

Pd 3 30 0.74 144 0.21 7.6 

Ge 3 30 0.48 250 0.50 21 

Pd5Ge1 

B 3 30 0.59 13 0.23 1.1 

3 30 0.78 13 0.28 1.1 e 

B 2.51 :~I 0.88 8.8 0.14 1.4 

0.70 11 0.51 2.2 2.5 

B 0.1 20 0.99 17 -
0.1 20 0.90 12 -e 

5.5.1 Equilibrium coverage 

In chapter 1 we mentioned that every UHV set-up contains a certain amount of 
hydrogen. If we are doing LEIS experiments, the partial pressure of hydrogen 
will easily reach 10-9 mbar. Every second between 0.01% and 0.2% of a mono
layer (ML) will be deposited on the sample, depending on its sticking factor. The 
LEIS experiment itself will sputter away some of this adsorbed hydrogen. A 
balance between adsorption and sputtering will be reached at a certain coverage. 
Combining the density of the ion beam, the adsorption rate and the characteristic 
removal dose, we can find out what the coverage with hydrogen will be. 

Let's take the Pd sample as an example. The adsorption rate at room temperature 
will be approximately 0.001 ML/s if the hydrogen pressure is 1o-9 mbar. For 
Ne+ we have found a characteristic removal dose of D = 50 p.C/cm2• For the 
EARISS we can use ion beam currents as low as 20 nA/ent-. In that case the 
primary beam is never able to remove more hydrogen than the amount being 
adsorbed, resulting in maximal coverage! A more conventional apparatus like the 
MiniMobis typically uses a primary beam current of 1000 nA/cm2

• The equili-
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brium coverage is then 0.05 ML. This does not influence the experimental results 
significantly. 

5.5.2 Sputteryields 

It is easy to determine the sputteryield (y) for hydrogen from the characteristic 
removal dose (D). If we assume a monolayer of hydrogen on top of the surface (a 
coverage of 1), this would amount to approximately 1.5*1015 hydrogen atoms per 
cm2• U sing simple calculus we find that: 

y·D = 250(J.LC/cm2) (5) 

In table 5.5 we find the calculated sputteryields, basedon both Dslow and Drast· 

The values are much higher than the sputteryields for the heavier elements, which 
are 2 [BEH81]. For the samples investigated, approximately 20% of the coverage 
was attributed to weakly bound hydrogen. Therefore we can safely assume that at 
least 70% of the hydrogen will be removed before 10% of the surface is dama
ged. 

Table 5.5 Calculated sputteryields for hydrogen on Pt, Pd and Ge. 

11 Hydrogen on: Yslow Yrast 

Pt 4 120 

Pd 5 100 

Ge 22 500 

Pd5Ge1 20 100 

5.5.3 Comparison with literature 

In articles conceming the influence of hydrogen on LEIS signals, quantitative 
statements are given for experiments done with He+, but no data is available 
about sputtering with Ne+. Therefore the Pd sample was investigated once more, 
this time using 4 keV 4He+ both for the measurements and for sputtering. The 
data from the experiment (see figure) could be fitted using the following para
meters: 

• Dslow = 1080 p.C/cm2
, 'Yslow = 0.88 

• Drast = 4.3 p.C/cm2
, 'Yrast = 0.02 
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We could also .fit the data without using a fast component, without affecting the 
values for the slow component. No correction has been made for the adsorption 
of hydrogen during the measurements, though this could be as much as 0.1 ML. 

Taglauer et al. [TAG78] finds a value of D = 1300 p.C/cm2 for hydrogen on W 
using 1 keV 3He+. Although it is hard to oompare these results, we see that both 
removal doses are of the same order of magnitude. 
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Figure 5.10 Development ofthe signa! ofPd asfunction ofsputterdose, using 4 keV 4He+. 
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CHAPTER 6 

Conclusions 

In this work, the influence of hydrogen on LEIS signals is studied with 4 ke V 
Ne+. To gather the necessary information, samples consisting of Pt, Pd, Ge or 
combinations hereof have been used in experiments. 

First the samples themselves have been investigated. Experiments showed that 
matrix effects may occur for Pt75G~, but not so for Pd5Ge1 and P~3Pt32Ge5 • 

Two machines have been used to determine the surface composition of the clean 
samples. Great differences were found: with the EARISS the surface composition 
was nearly identical to the bulk composition of the sample. The experiments on 
the MiniMobis showed enrichment of Ge and Pt in the outmost layer, at the cost 
of Pd. The only significant difference in the preparation of the samples was the 
sputter dose used to clean the surface, which was higher for the MiniMobis. A 
combination of. preferentlal sputtering and segregation may be responsible for the 
observed effect, but further experiments are necessary to make a conclusive 
statement. 

The samples were exposed toa large dose of hydrogen (characteristically 3 mbar 
for 30 minutes). This resulted in a drastic decreasein signal for all elements and 
all samples. This is probably due to additional neutralization by hydrogen. With 
the removal of hydrogen the signals increased. It was shown that the ratio of the 
signals for an alloy stayed the same during this removal. After complete removal 
of hydrogen the same surface composition was found as before the treatment. 
This indicates that hydrogen bas no influence on the surface composition. 

The development of the signals as function of the applied sputter dose was fitted 
to a model. This model included two types of hydrogen: one that was quickly 
removed, and one that required a larger sputter dose. These may agree with 
weakly and strongly bound hydrogen. The coverage of both types decreased 
exponentially with the applied sputter dose. Por each type two parameters were 
defined: an initial coverage ('y) and a characteristic removal dose (D). 
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The value of D for Ge (11 p.C/cm2) was lower than its value for Pd and Pt 
(approximately 50 p.C/cm"}. Exposure of the Pd sample to 1 L of hydrogen 
(which results in sub-monolayer coverage) showed that only the slowly removable 
type was present. For Pd5Ge1 the characteristic removal dose was found to be 
13±5 p.C/cm2: between the values for Pd and Ge. No significant difference was 
found between the removal speeds for Pd and Ge in the alloy. The experiment on 
the PdroPt30Ge10 sample gave a much higher value forD (225±75 p.C/cm2), 

which is oomparabie to the sputter dose required for heavy atoms. This indicates 
that the sample was contaminated during the treatment with hydrogen. The 
experiment has to be repeated. 

The sputteryield for the slow component was found to be between 5 and 20, 
compared to a value of 2 for Pt, Pd and Ge. Therefore, one may assume that 
most of the adsorbed hydrogen can be removed before significant damage is done 
to the surface. 

In lirerature only information concerning sputtering with He+ can be found. An 
experiment with 4 keV 4He+ on Pdgave nearly the same characteristic removal 
dose as mentioned by Taglauer et al. [TAG78] for 1 keV 3He+ on W. More 
important is the fact that Taglauer uses the same model, although for He the 
assumption of one type of hydrogen suffices to fit the data. 

The effect of the presence of H2 as a residual gas in the UHV system has been 
investigated as well. For a partial pressure of w-9 mbar and a sticking coefficient 
of 0.5 anion current density of 200 nA/cm2 is required to keep the coverage by 
hydrogen under 0.1 ML. 

It would be useful to spend more time investigating the coverage of a surface due 
to H2 in the vacuum system. If a small ion current density (preferably a beam 
scanned across the sample) is used, the signals measured should decreasein time 
because of the adsorbtion of hydrogen and other gasses. This will give reai-time 
information conceming the balance between adsorbtion and sputtering. 
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APPENDIX 

Information on Pt, Pd and Ge 

Table 1.1 Information conceming Pt, Pd and Ge. The sensitivity is determined by dividing 
the signa/ of the pure sample by that of the Pd sample, without correcting for the 
surface density. The experimental value Eexp has been used todetermine Epass so 
that the signa/ lies in the centre of the 'window'. 

Element Pt Pd Ge 

Mass (a.m.u.) 194.9 106.6 72.7 

Surface lattice parameter (Á) 2.77 2.75 2.45 

Surface density (1015 atoms/cm-2) 1.30 1.32 1.67 

Er (eV) 2740 1988 1413 

Eexp (eV) 2900 2150 1600 

Sensitivity EARl SS 1.2 1 0.6 
MiniMobis 1.25 1 0.25 
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