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Dendrimers studied by LEIS 

Abstract 

This thesis reports on the investigations on a new type of polymer called dendrimers, using 
the LEIS technique. The dendrimers were recently being reported as being capable of storing 
guest molecules inside [JAN94] through encapsulation of large organic groups. Information 
about the surface structure and the presence of N was in accordance with the model proposed 
by the Labaratory of Organic Chemistry. LEIS was capable of revealing new information 
about the importance of groups at the surface, responsible for this encapsulation process. 
Encapsulated guest ( dye) molecules were shown to exhibit a preferred orientation. 

At the same time, a dual anode X-ray souree was successfully installed in the ERISS. The 
souree is used to perform XPS, which can be combined with LEIS in situ. Overall XPS 
spectra on a Cu sample take about 500 s, yielding a FWHM of2.6 eV ofthe Cu 2p peak. With 
detailed scans, the energy resolution may be improved so that the FWHM is 1.2 eV. Swit
ching between LEIS and XPS takes about 3 minutes. 

Smaller projects include the instanation of a Target Monitor and 2-dimensional MCA. 
Energy resolution was significantly improved through datamanipulation by software. 
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Dendrimers studied by LEIS 

General introduetion 

This thesis is the report of a graduation project, performed during the period of january 1 st 
to december 20th 1995. During this period, time was allocated to several different projects, all 
involving the new ion scattering apparatus ERISS (Energy Resolved Ion Scattering Spectro
scopy). 

The main project involves the studies on a new type of polymer, the so called dendrimers. 
The ERISS is capable of measuring with ion beams on fragile and insulating targets like 
polymers without darnaging them. Two reasoos explain the interest in this investigation. 
Firstly, the desire of exploring the boundaries of our measuring capability on polymer sys
tems. Secondly, the interest in this new and potentially useful polymer. Details about these 
measurements and their interpretation is given in Chapter 4. 

Other projects involve the ERISS itself TheERISSis continuously undergoing changes and 
upgrades and in the course ofthe past year, new apparatus was added. These include an X-ray 
source, so that XPS measurements can now be combined with LEIS measurements in situ. 
This is reported in Chapter 3. A Target Monitor is added which enables the user to view the 
target by means of the ion beam itself This is useful to determine exactly where the ion beam 
hits the target and is described briefly in appendix A. A 2-dimensional MCA was installed to 
improve the energy resolution of LEIS measurements, which is described in appendix B. 

Finally, a short period was spent on the investigation of the neutralization behavier on 
diamond (111) surfaces. Although not successful in determining these characteristics, a 
chronological course of events and cleaning procedures is summarized in appendix C, for 
future reference. 

In order to provide the reader with the necessary background for the remaioder of this 
report, the ERISS is described in chapter 2. Those readers already familiar with the ERISS 
may want to skip this chapter and proceed immediately to the part of interest for them. 
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Chapter 2: The ERISS 

The ERISS 

2.1 Introduetion 

The work in this thesis is centered around the Ion Scattering apparatus ERISS. This machine 
was designed specifically for the use on samples that are very fragile. The ERISS is capable 
of performing LEIS measurements with ion beam doses as low as 2e12 ions/cm2 on polymer 
surfaces, which is sufficiently low to prevent significant damage to the target. F or metal 
surfaces, the beam dose can he even lower: 1e10 ions/cm2

. TheERISSis also equipped with a 
neutralizer, thus enabling the user to measure insulating samples. 

In this chapter, the ERISS is explained as a precursor to chapter 3 and appendices A,B and 
D. Firstly, paragraph 2.2 provides a brief introduetion in the technique the ERISS was desig
ned for: Low Energy Ion Scattering spectroscopy (LEIS). Paragraph 2.3 provides a general 
overview of the ERISS, with schematics of the current configuration. Paragraph 2.4 deals 
with the ERISS analyser, in which the different sub-paragraphs explain the function of the 
analyserplates, the channelplate/collectorplate system, and the zoomlens. Finally, paragraph 
2.5 describes briefly the data-acquisition. 

2.2 Low Energy Ion Scattering 

The principle of Low Energy Ion Scattering (LEIS), also known as Ion Scattering Spectro
scopy (ISS), is explained in figure 2.1. Ions are accelerated to energies in the range of 0.5 to 
10 keV. At the surface, the impingent iqns will scatter at the atoms ofthe target. With conser
vation of energy and momenturn the following expression can be found: 

E = E. (cos9+vfq
2
-sin

29)2 
f I 1 +q 

(2.1) 

where q is the mass ratio maton.III\on· With known initial energy and fixed detection angle, the 
energy of the backscattered ion is determined only by the mass of the target at om and increa
ses with increasing mass. The measured energy spectrum therefore represents a mass spec
trum of the target. The scattered projeetil es are detected at a backscattering angle to achieve 
optimum mass resolution, which implies q> 1. Target atoms with lower mass than the projecti
Ie are therefore not detectable. 

In LEIS, the projectiles are nobel gas ions which neutralize very easily. A large portion of 
the incident projectiles is already neutralized when hitting the first atomie layer of the target 
and cannot he detected. Particles scattered from deeper lying layers are almost always neutra-

8 



I 

e{ : m_ •••••• 
··,.~ ... 
··~·· ' 

t 

Figure 2.1: Schematic ofthe binarycollision model. 
Energy and momenturn are consewed. 
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lized because of their long interaction time 
which implies that LEIS yields information 
only of the top atomie layer, making it very 
surface sensitive. The intensity of the detec
ted i ons Si, scattered off a number of atoms 1'i{ 
of element i in the outermost atomie layer, is 
given in the relation 

Si = ~(~)i P/ c Ni (2.2) 

where I, is the incident ion flux, (do/dQ) the 
differential cross section, pi+ the ion fraction 
and c an experimental constant. By compa

ring the yield of a eertaio element of the target sample with a sample of known composition, 
quantification is straightforward. The ion fraction Pt is defined as the fraction of projectiles 
that is still ionized after scattering and is dependent on neutralization mechanisms that are still 
not well understood. These neutralization mechanisms may be dependent on the matrix the 
target atom is positioned in. Quantification becomes more difficult when the ion fraction is 
different for the target sample and the calibration sample. It is possible to investigate whether 
these "matrix effects" play an important role or not, by changing the primary energy of the 
ion beam and measuring the partiele yield. Using (2.2), the ion fractions of both samples may 
be compared. 

LEIS can also be used for surface structure analysis. Atoms of the top layer may shield 
atoms underneath so they cannot be seen, which is called shadowing. Changing the angle of 
incidence of the ion beam, may reveal atoms of the second layer, thus yielding information 
about the structure of the outermost atomie layer with respect to layer underneath. Sputtering 
of the target reveals the underlying layers, thus enabling depth profiling. 

F or a much more detailed explanation of LEIS, the reader is referred to literature 
[MUR94],[NIE93]. 

2.3 ERISS overview 

The current contiguration of the ERISS is shown schematically in figures 2.2 and 2.3. Ions 
for LEIS measurements are generated in the Leybold-Heraeus IQE-12/38 ion source, where 
they are accelerated to energies oftypically 3 keV. The gas handling system contains 3He, 
4He, Ne and Ar gas which may reach the ion souree through a leak valve. 

TheERISSis also equipped with a pre-treatment chamber. This chamber, which is also the 
loading chamber, allows pre-treatment of samples in a controlled atmosphere. The samegas 
handling system allows 0 2, ~ and Ii gas to enter the pre-treatment chamber. An oven with 
thermocouple is installed to enable heat treatments as well. A 50 1/s turbomolecular pump 
(Leybold-Heraeus turbovac 50) provides the necessary pumping action. 

A transfer rod is used to transport samples between the pre-treatment and loading chamber 
and the main vacuum chamber. 

Samples in the main vacuum chamber are positioned in a manipulator, which may hold up 
to 5 different samples. Builtinto the manipulator is the Beam Profile Analyser [MIE94], 
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(9) 

Figure 2.2: Top view ofthe ERISS. (6) Turbomolecu/ar pump. (7) Main vacuum chamber, (8) Loading va/ve, (9) 
Transfer rod, (1 0) Manipulator, (11) XPS source, (12) Target monitor. 

Z..axis 

X-axis 

(9) 

(4) 

Figure 2.3: Side view ofthe ERJSS. (1) Quickvalve, (2) Ion source, (3) Turbomolecu/ar pump, (4) Titanium 
sub/i mation pump. (5) Gas leak va/ve, (6) Pre-treatment and loading chamber, (7) Main vacuum 
chamber, (9) Transfer rod, (1 1) XPS source, (1 2) Target monitor. 

JO 



Dendrimers studied by LEIS 

which enables the user to monitor the intensity distribution of the ion beam. The manipulator 
also holds heating filaments for all sample positions to heat samples in situ. The manipulator 
itself is fully computer controlled and is used to move the sample undemeath the ion beam 
during measurements. In this way, a larger portion ofthe sample is scanned, which lowers the 
applied ion dose. The manipulator can also be tilted, rotating over the y-axis (see tigure 2.3). 

The main chamber itself is equipped with a quadrupole mass spectrometer (Spectra V ac
scan) to detect residual gasses and is pumped by a 300 lis turbomolecular pump (Balzers 
TPH450H). A Ti sublimation pump (Leybold-Heraeus V150-2) is also installed and cryo
pumping is possible by insection of liquid nitrogen in the installed cryogenic panels. Base 
pressure of the system is typically 4e-1 0 mbar. When operating the ion source, the pressure 
may rise to 2e-8 mbar.A double IJ-metal shield placed inside the main chamber minimizes 
magnetic fields. 

To enable measurements on insulating samples, a neutralizer is installed [CRE94]. This is 
essentially an electron flood gun, which accelerates and focusses the electrons emitted from a 
hot filament. An electron current of 10 times that of the ion beam current proves suflicient to 
prevent charge up of the sample. 

The heart of the ERISS is formed by its analyser, which was designed by Hellings et. al. 
[HEL85]. The predecessor of ERISS (EARISS) is also equipped with this same analyser. 
More details about its functioning are given in the next paragraph. For a more detailed de
scription ofthe ERISS, one is referred tothemaster thesis of Martin Creusen [CRE94]. New 
features on the ERISS include an X-ray source, used for XPS measurements, and the Target 
Monitor. These features are discussed in greater detail in Chapter 3 and Appendix A, as 
indicated before. 

2.4 The ERISS analyser 

2.4.1 Introduetion 

A schematic of the ERISS analyseris given in tigure 2.4. The ERISS analyseris a double 
toroidal analyser, capable of measuring charged particles within a certain energy window. By 
measuring an energy window, instead of just one single energy, good statistics can be acqui
red in a short time. This will minimize·îon beam damage to the target. The beam dose is 
lowered even further by scanning the sample undemeath the ion beam, thus increasing the 
irradiated area. In this way, the dose needed to acquire an energy spectrum can be as low as 
2e12 ions/cm2

, which is extremely low comparing toother ion scattering machines. This is the 
reason the ERISS is very suitable to do LEIS measurements on fragile surfaces, without 
darnaging them significantly during these measurements. 

The analyser is also capable of determining the azimuth of the backscattered particles. In 
highly ordered samples, e.g. single crystals, the backscatter yield may be different for various 
azimuths. Shielding and blocking effects cause this intensity variation and may thus reveal the 
direction of the atom rows at the surface. The ERISS however, was not designed to measure 
on samples where this azimuthal information is important. In the ERISS, this information is 
therefore not stored. A 1-dimensional MCA suffices to store the energy information. Swit
ching between storing energy or azimuthal information is possible. 

The analyser can be divided roughly in three main parts; the analyser plate system, the 
partiele detection system and the zoomlens system. These are explained in paragraphs 2.4.2, 
2.4.3 and 2.4.4 respectively. 
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Figure 2. 4: The ERISS ana/yser. 

2.4.2 The analyser plates 

The analyser plates of the ERISS are llsed to select the energy of the particles to be detec
ted. In contrast to most electrostatic analysers, the voltages on the analyser plates remain 
constant during measurements. This means that only particles in the energy range [Ep(l-ö), 
EP (I +ö)] will be let through and end up at the end of the analyser. ;: is called the pass energy 
and ö a constant smaller than 1. Keeping the pass energy constant has the advantage that 
particles will always hit the channelplates with the same energy, thus eliminating sensitivity 
effects. A finite energy window of particles is allowed to pass the analyser, and an energy 
resolved measurement of this window can be taken. The particles with higher energies will 
leave the analyser close to the symmetry axis (z-axis), while slower particles will leave the 
analyser at larger radius. 

The analyser consists of two sectors with an inner and outer bending plate each. Plates 2-
BU and I-BI need to have the same polarity, as do 1-BU and 2-BI. Two power supplies (FUG 
HCN35-3500) are therefore sufficient to provide the necessary voltages. These power sup
plies are denominated V4 and V5, for 1-BI/2-BU and 2-BI/1-BU respectively. Because the 
voltages of e.g. I-BI and 2-BU should not be exactly the same, two voltage dividers ensure 
that the right voltages to each of the four bending plates are applied. 
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The pass energy may he adjusted manually by varying the voltages to improve energy 
resolution. The absolute energy resolution is determi 

.0. 

0.04 

a (rad) 

u(mm) 

0.02 

ned only by the pass energy EP for a given analyser. 
The analyser, designed by Hellings et. al. [HEL85], 

allows an energy window of 12% of the pass energy to 
he detected, i.e. ö is 0.06. The actual energy window 
that can he used for measurements may he smaller, as 
will he explained further in the next sub-paragraph. 

In order to create an energy resolved projection at the 
end of the analyser, the focal properties of the analyser 
have to he examined thoroughly. The properties under 
investigation are here the angular and radial deviation 
off the main path of particles with a eertaio energy. In 
other words: at what angle are particles teaving the 
analyser and how well is the radius at which they leave 
the analyser corresponding to their energy? In this dis-

.o.04 cussion, the angle is detined as the angle between tra-
D· 

2 5 
'~''h h d' '~'h l jectory and z-axis. These properties can he summarized 

r 1gure . : 1, e p ase 1agram. 1, e angu ar . h d' h d'al d · · ( ) · 1 
divergence a is large, while the m a p ~se 1agram, w e~e .ra 1 e~at1on u IS p ot-
radial divergence u is smal/. ted agamst angular deYlation or d1vergence (a). To 
Th is is necessary to achieve acquire a high energy resolution, the particles have to 
good energy resolution. leave the analyser with the smallest radial deviation 

possible, while the angular deviation is much less im
portant. All this is explained in great detail in the PhD thesis ofHellings [HEL86]. 

A phase diagram as shown in tigure 2.5 was assumed for backscattered particles entering 
the analyser, based on the effects on the phase diagram of zoomlenses and apertures in front 
of the analyser. To yield high energy resolution, as mentioned above, a similar phase diagram 
(small u, arbitrary a) has to he acquired at the end ofthe analyser. Optimization studies, using 
the Finite Element Method (FEM), for different partiele energies are described in Hellings 
PhD thesis as well. 

2.4.3 Partiele detection 

2.4.3.1 Multi Channel Plates 

To detect the particles teaving the analyser energy resolved, Multi Channel Plates are used 
to amplify the signal of the single particles. A schematic representation of the channelpla
tes/collectorplate contiguration with drift spaces is shown in tigure 2.6. The tirst two channel
plates are arranged in a so called chevron, which reduces ionic feedback, while the last 
channelplate has channels perpendicular to the collectorplate. This is needed to allow elec
tronclouds, emitted from the last channelplate, to hit the collectorplate at the same radius and 
azimuth at which they leave the third channelplate. Between the channelplates and the end of 
the analyser is a small drift space, where two voltages are applied. V sJtim is the voltage that 
pulls back secondary electroos that are emitted from the side walls, when particles hit these 
walls. The sidewalls themselves are coated with graphitic paste that lowers secondary electron 
emission and are ribbed to diminish electron emission even further. Typical value for V sJtim is 
50 V. The voltage Uan-cp is a voltage between the end ofthe analyserand the first channelpla-

13 
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te. This voltage draws secondary electrons, that are emitted from the first channelplate when 
ions hit, away from the channelplate towards the analyser. This prevents signals to be detec
ted, caused by these electrons. uan-cp is ty
pically -20 V. 

The first channelplate is biased with a 
voltage of 625 V, while the other two are 
biased with a voltage of 980 V. An inci
dent partiele on the first channelplate cau
ses an electrondoud to be emitted by the 
third channelplate, because of the multipli
cation of the number of charge carriers. 

collector 

chtmnelplates .. . j 

J HO OHHHOH H i I H··•·t 

11111111111111 11111111111111 .-•• •• cp3 
K\\\\\\\\S\\\J f,\\\\\\\\\\\'J 40 .... cp2 

~= ~ rli/Jl/llllr::'~::~<p 

The multiplication factor at the end of the Figure 2.6: The channelplates, driftspaces and the collee-
three channelplates is ofthe order of -107. torplate. V -and Van-cpare voltages to prevent 

secondary electrons from reaching the channel-
plates, thus generating fa/se counts. 

2.4.3.2 Collectorplate 

A simplified schematic of the collector 
plate is shown in tigure 2. 7. The actual E 
collectorplate consists of 15 sets of con
centric rings. Each set of rings contains a 
sickleshaped ring and a ring which has 
varying width as a function of the radius. 
The rings are separated by grounded rings 
to prevent capacitive coupling between the 
rings. The sickleshaped rings are used for 
detecting azimuth (<I>) and the other rings 
detect radius or energy (E) of the incoming 
electroncloud. When an electron-cloud hits 
the collectorplate, a pulse is generated on 
each set of rings. The height of this pulse 
(i.e. the detected charge) corresponds to 
the width of the ring at the point of impact. 
A large charge pulse for the E rings for 
instance, must be caused by an electron- Figure 2. 7: The channelplate. Only 3 sets of energy (E) and 
cloud hitting one of the outer wider E azimuth (~ rings are shown. The actual co/lee-
. Th al h · 1 ' l d torplate consists of 15 sets of these concentric 

nngs. e tot c arge m an e ectronc ou rings. 
is however subject to statistica} fluctuati-
ons. In order to compensate for this effect, the total charge of the emitted electrondoud is 
measured as well and an analog division executed. To detect azimuth and energy properly, it 
is needed for the electrondoud to hit at least two of each set of rings. In this way, the center
point of the electrondoud can be deterrnined, i.e. the exact position of the electroncloud. To 
ensure that the radius of a single electron-cloud is large enough to cover at least two rings, a 
driftspace between collectorplate and channelplate is present, which is also biased with a 
voltage of 515 V. The electric field in this driftspace is as homogenous as possible to prevent 
distartion of the position and shape of the electroncloud. The space-charge of the electron
cloud will cause the cloud to increase in radius over the driftspace. The calculated energy 
resolution of the collectorplate is 1%. 
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Unfortunately, it is not possible to detect particles at all azimuths. Because of electronic 
requirements of the channelplates and collectorplate, a segment of 40° cannot be used, leaving 
a 320° detection range. 

2.4.3.3 Dispersion and resolution 

As mentioned in paragraph 2.4.2, ö for this analyser is 0.06. A ring limits ö to 0.05 to 
prevent particles from falling off the collectorplate. For a typical pass energy of 3 keV, that 
means that a single energy window would be 300 eV wide. This energy window is projected 
entirely onto the collectorplate. It is possible to determine the dispersion relation between the 
energy of the particles and the detected radius. It appears that in the ERISS this dispersion 
relation is azimuth dependent, for reasons that will be explained in appendix B. A diagram is 
shown in tigure 2.8. This will not only limit the energy window that can be used to ö=0.017 
( which yields in our example an energy window of 1 00 e V), but also has its influence on the 
energy resolution. The energy resolution is affected by other factors as well. These include: a) 
small rnisalignment of analyserplates and channelplate/collectorplate system, b) intrinsic 
width of the LEIS peak and c) the detection of particles that are not well focussed onto the 
entrance of the analyser. These particles exhibit larger radial or angular deviations upon 
entering the analyser, then it was designed for. In conclusion, the effective energy resolution 
when performing LEIS measurements is ofthe order of 10% ofthe detectable energy window, 
i.e. 1% ofthe pass energy. 
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Figure 2.8: Dispersion relation ofthe ERJSSwhere acceleration voltage V3 
is plotted against channel numberofthe 1-dimensional MCA. 
The pass energy was 3000 eV. The curving at high and low chan
nels prevents a large energy window to he used; only the linear 
part in the middle is useable. 
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2.4.4 The zoomlens 

In the previous paragraphs, it was explained that it is possible to detect particles with an 
energy in the energy window [Ep(l-Ö), fp(l+ö)]. When operating the ion souree at typical 
energies of 3 keV, it is obvious that 
the energy window is not large 
enough to detect all backscattered 
particles. To be able to generate a 
spectrum of all energies, the back-
scattered particles will be accelerated Analyser 
or decelerated to match the pass 
energy of the analyser. The energy 
window then "shifts" to lower or 
higher energies and by connecting V3 
these subspectra a complete energy 
spectrum can be formed. The accele- V2 
ration or deceleration is done with a 
zoomlens system, which has been V 1 
designed by Boelens [BOE83]. 

Figure 2. 9 shows a picture of the Figure 2.9: The zoomlens consisring of 4 elements. The first ele-
zoomlens, which consists of 4 ele- ment putto ground, the focussing voltages VI and V2 
ments. Element 3 consists of two and the acceleration voltage V3. 

elements that are interconnected and 
therefore have the same potential. This element accelerates ions within the selected energy 
window to the pass energy. Element 0 is grounded, so that incoming particles will not be 
disturbed by fields of the zoomlens. The elements can be put on a voltage by power supplies 
Vl, V2 and V3 (FUG HCN35-12500, FUG HCN35-12500 and FUG HCN35-3500 power 
supplies). The voltage V3 is controlled by a 12-bit DAC, thus allowing 4096 steps in the 
output voltage. The same voltage has to be put on the entrance of the analyser, which is the 
reason that the entire analyser and collectorplate/channelplate system is lifted with respect to 
ground by V3. Vl and V2 are the focussing elements needed to focus particles before they 
enter the analyser. 

In front of the zoomlens are two apertlire slits. These slits determine at what angles particles 
will enter the zoomlens. When almost closed, the angle of incident particles is well defined, 
and the energy resolution will be high. Opening the slits will increase countrate, but deteriora
tes resolution. This is caused by the beam spot being of finite size and by the variation in 
angles which with particles enter the analyser. The angular and radial deviation of these 
particles is larger. This makes it difficult to determine what voltages should be applied on Vl 
and V2 for a given V3. The calculations of Van Heijst [HEI86], using the Charge Density 
Metbod (CDM), are consiclering the slits system and the zoomlens. 

Again, the properties under investigation are the radial and angular divergence off the main 
partiele path~ the phase diagram. As explained in the previous paragraph, the particles will 
have to enter the analyser approximately in the middle of the analyser entrance to comply to 
the design parameters used by Hellings, while the angular divergence may be larger. When 
particles pass the first slits and the zoomlens system, the phase diagram will change. The 
calculations of Van Heijst were aimed at achieving the right rotation of the phase diagram, in 
order to acquire a phase diagram similar to figure 2.5 at the analyser entrance. Apart from this 
rotation, all particles with all relevant energies have to be focussed on the middle of the 
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entrance of the analyser. For each acceleration voltage V3, another contiguration of voltages 
for the zoomlens has to be calculated to meet these requirements. During final test procedu
res, it was however proven that putting VI and V2 at 0 V, the contiguration was very close to 
the optimum in LEIS measurements. This will not be the case for electrons, as will be shown 
in chapter 3. 

2.5 Data acquisition 

In the previous paragraphs it was explained how a 2-dimensional projection of particles on 
the collectorplate was detected. When an electrondoud hits the collectorplate, a pulse with a 
eertaio height is generated by each of the two sets of strips. Calibrated to the total charge of 
the electroncloud, this is a measure for the radius and the azimuth. The current contiguration 
of the ERlSS however, uses only a 1-dimensional MCA with 4096 channels to detect pulses. 
The user has to chose whether azimuth or radial ( energy) information is to be stored in the 
MCA. As explained before, the ERlSS was designed to measure on fragile, usually non
crystalline samples and thus azimuthal information is not required. The MCA is therefore 
usually used to measure energy. When regarding the diagram of the collectorplate, it is clearly 
seen that particles hitting the collectorplate at large radius hit an energy ring with large width. 
The pulse height will therefore be high, which implies detection of a count at a high channel. 
Because particles teaving the analyser at large radii have low energy, a high channelnumber 
corresponds to low energy particles. 

The MCA is read out by the PEP-system, after collecting the information of one energy 
window. The PEP-system is sending this information to a file on the HP-system where all 
energy windows of one measurement are stored. Afterwards, this file can be transformed toa 
total energy spectrum. 

Through the PEP-system, the DAC may be controlled which controts the acceleration 
voltage V3, and scaters etc. In Appendix B, the workon the 2-dimensional MCA is described. 
With the instanation of this 2-dimensional MCA, it is possible to store energy and azimuthal 
information at the same time. This requires some rewriting of current programs in the PEP 
and HP-system. Appendix D summarizes the programs used in the PEP-system and the data
manipulation programs of the HP-system after installation of the 2-dimensional MCA and X
ray source. 

The electronics needed to prevent pile-up etc. and form detectable pulses out of the collec
torplate are described in [CRE94]. The countrate that can be achieved, when performing 
energy resolved measurements is lirnited to about 100 kHz. Above this rate, pile-up effects 
will occur. 
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XPS 

3.1 Introduetion 

Part of the graduation project was involved with the instanation of an X-ray souree into the 
ERISS, for the purpose of enabling XPS measurements. With the instanation of this source, 
the group has gained a valuable asset to add to its already extensive array of surface science 
techniques. XPS is a widely used technique and instanation in the ERISS win enable in situ 
comparison with LEIS. LEIS is able to execute elemental analysis of the topmost atomie layer 
and yields information on structure through shadowing effects. XPS yields information 
averaged over more (typicany 5) atom layers about the target composition, but through small 
energy shifts of the detected peaks may provide chernical information as well. The position of 
XPS peaks for varying chernical states of the target atoms, is often measurably different. The 
difference in prohing depth of the two techniques, combined with the chemical information 
provided by XPS and the structure information provided by LEIS offers useful tools for the 
investigation of all kinds of materials. 

In paragraph 3 .2, a short introduetion into the theory of XPS is given. The X-ray souree is 
described in paragraph 3.3, as well as its position in the main vacuum chamber. Difficulties 
involving the acquisition of data are outlined in paragraph 3.4, together with their probable 
causes and solutions. The resulting spectra and conclusions are given in paragraph 3. 5. 

3.2 Theory 

The XPS technique is based on the ernission of electroos by the target atoms, when irradia
ted with X-rays. The X-rays are produced by a souree that emits Al Ka or Mg IÇ lines. The 
energy of the emitted photons is 1486.6 eV for Al Ka and 1253.6 eV for Mg J< photons. 
These photons knock out electroos of the electron shells of the target at om (figure 3.1 ). The 
emitted electroos have a kinetic energy, corresponding to the difference between photon 
energy and the binding energy of the electron. These binding energies are characteristic for 
the material involved. The detection of the kinetic energy of the emitted electroos yields an 
energy spectrum. 

The usual procedure to display these spectra is to plot the intensity as a function of binding 
energy. The binding energy may be calculated as 

(3.1) 

where Boot is the binding energy and Ibn the kinetic energy of the electron, f is the energy of 
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the photon and <f> is a factor including the work function ofthe materialand the analyser. 

• 
/ 

--o----o-

=f= ---o---

XPS AUG ER 

Figure 3.1: Left the XPS process, where an electron is 
knocked out by a photon ofknown energy. 
To the right the Auger process. A third 
electron absorbs the energy of a second, 
fi/ling up a vacancy in a lowerlying 
electronshe/1. 

The work function is a small energy har-
rier the electrons have to pass to leave the 
surface of the target and is of the order of 4 
eV. A Typical XPS spectrum created in this 
manner is shown in tigure 3.2. The spectrum 
exhibits many peaks corresponding to the 
binding energies of the electrons of the tar
get atoms. The narrow peaks, at approxima
tely 900 eV and 100 eV, are XPS peaks. The 
broader peaks in the range 500 to 700 are 
Auger peaks. They are caused by electrons 
generated by the Auger process, which is 
also visualized in tigure 3 .1. By knocking 
out an electron in one of the core electron 
shells of the target atom, another electron 
from a shell with higher energy may take its 
place. By transferring the thus generated 
energy to a third electron, this third electron 
may also be emitted and detected by the ana
lyser. The kinetic energy of the Auger-elec
trons is therefore, in contrast to XPS elec
trons, independent of the X-ray energy. The 
Auger peaks will shift in the XPS spectrum, 

when another X-ray energy is chosen, because the kinetic energy of the electrons is recalcula
ted to binding energy. 

In XPS, the detectable electrons are effectively emitted by the topmost atomie layers only 
(typically 5). Although the X-rays are capable of penetrating the target to great depths, the 
emitted electrons are not capable of travelling through the sample over long di stances, becau
se their mean free path is very small. This automatically pinpoints the XPS technique as a 
surface sensitive technique. 

XPS is capable of determining target composition by comparison of the acquired XPS peaks 
to a reference sample. By superposition of gaussian shaped peaks, the contribution of diffe
rent materials to a peak can be determined. This peak fitting should be regarded with caution, 
but quantitative results can be achieved. Through the binding of the target atom to another 
atom forming a chemical bond, e.g. the bonding of a metal to 0 forming an oxide, the energy 
of the electrons in a particular shell may be shift ed. This shift can be from several tenths of an 
eV to 10 eV and can be detected in an XPS spectrum. The shift yields direct chemical infor
mation on the target, something that cannot be achieved using LEIS, as explained in the 
previous paragraph. 

For a more thorough discussion about XPS, see e.g. [BRI90],[CAR78] or [HÜF94]. An 
overview of spectra of all elements is given in [W AG79]. 
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Figure 3.2: XPS spectrum of Cu taken with a commercial VG Scientific machine, 
using Al Ka at 510 W Measuring time of this measurement is 101 s. The 
FWHM of the XPS peaks is approximately 3.5 e V: The peaks can he 
identified as follows (in eV): XPS: 3p 76.3, 3s 122.9, 2p312 952.2, 2p111 

972.0. Auger: L3VV 568.0, L#13V 647.9, L#1# 13 720.5. 
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3.3 The XPS souree in the ERISS 

The XPS souree that was installed in the ERISS machine is a VG Scientific, type 427 Twin 
Anode X-ray Source. The anode is conically shaped with 2 flat sides, as can be seen in figure 
3.3. One side is coated with Al, the other with Mg. Two filaments, one for each side, are 
positioned at small distance from the anode to allow the extraction of electrons. The anode 
can be put on high voltage up to 15 kV. This high voltage will draw electrans from the hot 
filaments. The electron bombardment will generate Al or Mg X-rays, depending on what side 
of the anode is bombarded. This can be selected by selecting the filament with a switch on the 
control board ofthe power supply. A thin Al foil ensures that only Al Ka or Mg Ku X-rays are 
let through. The souree is not equipped with a monochromator, which implies intrinsic line 
widths of0.7 and 0.9 eV for Mg and Al Ka respectively. 

A bellows between the power supply and the souree holds 2 water cooling tubes, the high 
voltage powerline and the feed lines for the filaments (as well as 1 common). The waterflow 
through the watercooling tubes is controlled with a flow controller that trips the power when 
waterflow drops below a certain point. The electron current from filament to anode can be 
regulated from 5 mA to 66 mA. The maximum allowed power deposited in the souree is 600 
W forAland 300 W for Mg. Typical settings during measurements are 12.5 kV and 20 mA. 

Operation of the souree should not be done with a base pressure exceeding lxl0"7 mbar or 
higher to prevent sparking inside the source. To increase pumping speed in the souree head 
itself, a bypass to the main vacuum chamber was installed. 

The selected flange enables the souree head to be pointed at the target, but the angle of 
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incidence is still very large for the X-rays. To 
increase visibility of the target to the anode, 
the manipulator can be tilted in the direction 
ofthe X-ray source. 

The souree head may be brought closer to 
the target manually to increase the X-ray in
tensity on the target and decrease the possibi 
Jity of genernting electrons out of non target matenals 
(sampleholder, etc.). The area of irradiance of 
the target is however quite large: several mm 
in diameter. That means that the analyser will 
also detect electroos that are not emitted from 
the ideal focal point, for which the analyser 
was designed. Tilting the target also changes 
the height at which electroos are emitted, in
creasing this effect. This will have its influen
ce on the detection of electroos by the analy
ser as will be explained in the next paragraph. 

3.4 Problems and solutions 

3.4.1 Introduetion 

Dendrimers studied by LEIS 

2 
0 

y 
Figure 3.3: The anode of the X-ray souree has two flat 

sides coated withAl or Mg. Putting the 
anode at high voltage draws electrans out 
of the filaments 1 or 2, thus generating X
rays by the electron bombardment. 

For the XPS measurements it is convenient to use the analyser, which was designed for 
LEIS measurements, for the detection of electroos as well. The functioning of the analyser has 
been discussed in chapter 2. It is not straightforward to detect both ions and electrons, with 
very different kinetic energies and detection requirements. In this paragraph, the difficulties 
encountered are outlined chronologically, and their respective solutions presented. 

3.4.2 XPS with the analyser 

3.4.2.1 Energy resolved measurement 

To acquire an XPS spectrum, it is in principle possible to create a spectrum by connecting 
smaller sub-spectra, as is the case in LEIS measurements with the ERISS. When regarding 
figure 2.4 again, it is clear that several modifications have to be made to be able to detect 
electrons. To achieve an energy resolution of approximately 1 eV, the pass energy has to be 
lowered to 100 eV as explained in paragraph 2.4.3.3. This means that the useable energy 
window is of the order of 3 eV. The acceleration voltage V3 will be a deceleration voltage, 
because the kinetic energy ofthe electroos ranges from 0 to 1400 eV. To detect electroos with 
energies lower than 100 eV, V3 has to be changed in polarity. The analyser platesalso have to 
change polarity. This contiguration causes several technical difficulties: 
a) The energy window is 3 eV. For an overall scan, running from 0-1400 eV, this would 

mean the detection of almost 500 windows. Since it take several seconds for data of one 
window to be transported to the HP system, this implies very large measuring times (in 
excess of 1 hour). The planned instanation of an IEEE transfer port will have a positive 
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influence, but measurement times will still be long. 
b) The countrate of commercial machines easily exceeds 1 Mhz, while in the current confi

guration, the ERISS is capable of measuring particles with countrates up to 100 kHz. 
Again, this severely increases measuring times. 

c) The creation of an energy resolved image of the electron energy window on the collector
plate proves impossible, as is explained below. 

In our efforts to obtain an energy resolved projection of electroos on the collectorplate, the 
zoomlens (figure 2.9) was used extensively, including the focal elements VI and V2. As 
explained in the previous chapter, the particles have to enter the analyser approximately at the 
middle ofthe entrance and havetomeet the requirements ofthe phase diagram 2.5. It appears 
however, that there is no possible combination of VI, V2 and V3 that allows electroos tomeet 
these criteria. Figure 3 .4a.b,c,d,e show calculations of electron trajectories for different voltages 
of zoomlens elements. Clearly visible is the fact that electroos are either well focussed at the 
middle ofthe entrance ofthe analyser, but have large angular divergence (a), or have small a 
but enter the analyser at all radii. When the voltages are too high or low, the majority of 
particles do not even reach the entrance. When electroos enter the analyser with large angular 
divergence, they cannot be bent enough to reach the end of the analyser and are not detected. 
They do however generate secondary electroos that may be detected, causing a large back
ground. Electroos that are not well focussed at the middle of the analyser entrance may reach 
the end of the analyser, but do not hit the channelplates at the radius corresponding to their 
energy, thus deteriorating energy resolution. Here too, electroos will hit the analyserplates 
and cause secondary electroos to be detected. 

An additional difficulty is caused by the rather large area of the target the electroos are 
emitted from, which also varles in height because of the tilting of the manipulator. The large 
area of electron emission causes particles to enter the zoomlens at much larger angles than is 
the case when detecting i ons. F ocussing of these particles is more difficult as well. By mani
pulating the slits the influence of a large irradiated area can be diminished, but this also 
lowers the countrate which is undesirable. 

Consirlering this qualitative discussion, it appears that energy resolved measurements are 
not possible with the current design of the analyser, as was experimentally confirmed. In 
conjunction with the above mentioned difficulties, another solution has to be found. This 
solution will be given in the next paragraph. 

3.4.2.2 Non-energy resolved measurement 

Consirlering that energy resolved measurements are impossible to execute, it is possible to 
measure non-energy resolved by using the channelplates as conventional partiele detectors. 
By lowering the pass energy even further, the detectable energy window can be made so small 
that the energy window becomes in fact one single data point in the energy spectrum. This 
means that the energy resolved detection of particles on the channelplates is no longer neces
sary and that less strict demands are put on the focal properties of the zoomlens and the 
analyser itself The energy resolution is then deterrnined by the size of the energy "window". 

To eosure sufficient energy resolution, a pass energy between 3 and 15 eV should be 
selected. This yields an energy window of approximately 0.3 to 1.5 eV. For detailed scans, a 
high energy resolution is required, so a low pass energy should be chosen. This does however 
lower the countrate. 
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a) 

b) 

c) 

d) 

e) 
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Figure 3.4: Electron trajectoriesjor V3 at-1000 Vandvarying V2. Radial divergence u variesfrom -3 to 3 mm 
and angular divergence a varles .from -6 to 6°, while e/ectrons are enetering the zoomlens from the 
Ie .ft. a) V2: 1000 V. most electrans do not reach the analyser entrance, b) V2: 3000 V. more elec
trons arrive at the entrance at smal/ a; but radial divergence is quite large, c) V2: 4000 V. both 
radial and angular divergence are minima/, although they are too large to fit the required phase 
diagram for energy resolved measurements, d) V2: 6000 V. now a is very large, causing many 
electrons to hit the analyserpiales although electrans now enter the analyser more at the center, e) 
V2: 9000 V. too high V2 causes electrons to be scattered back again. 
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The problems encountered in the previous paragraph are not applicable now, since it is no 
longer necessary to create an energy resolved image of the electron energy window. The 
countrate is also no longer limited by the energy resolved measuring configuration. It is 
suflicient to simply count the particles with the scaler, which is capable of detecting particles 
at very high countrates (100 Mhz). Although more than IOOO "energy windows" should be 
measured to generate an overall energy spectrum, the transfer time to the HP system is then 
very short. The possible countrate is thus dramatically increased. Some new teehoical diffi
culties do however arise, when applying this method: 
a) The voltages on the analyserplates have to be decreased to achleve these very low pass 

energies. The voltages V4 and V5 are now ofthe order of I-5 V. Taking into account that 
the V4 and V5 power supplies have a working range of 0-3500 V, the stability of the 
output voltage may cause serious problems. Verification by temporarily installing 50 V 
Delta power supplies, proved that this instability was indeed a limiting factor for the 
energy resolution. The solution was found in the installation of a set of voltage dividers. 
These voltage dividers decrease the output voltage ofthe power supplies V4 and V5 with 
a factor I 00 and at the same time change polarity of the voltages on the analyser plates. 
The stability of the voltages on the analyser plates can then be much higher and does not 
deteriorate energy resolution. 

b) The deceleration voltage V3 is controlled by a I2 bit DAC, thus yielding the possibility to 
vary V3 in 4096 steps. The working range of the V3 power supply is 0-3500 V. This 
implies a minimum step size of 0.85 V. This is small enough for overall scans, but when 
higher energy resolution is required in detailed scans, this step size is too large. By 
integrating a switch in the power supply which enables the output range to be limited to 
0-1500 V, this problem can be solved. The minimum step size is then 0.37 V, which is 
sufficiently small consiclering the intrinsic line widths of the souree of 0. 7 e V and 0. 9 e V 
for Mg KaandAl Ka respectively. 

c) Although the scaler is capable of counting at very high countrates, the achievable coun
trate is limited to approximately 5 Mhz. Larger countrates cause increasing dead-time 
effects. The channelplates and electronics are responsible for this. A countrate of 5 MHz 
is however still acceptable for XPS measurements. 

With the implementation of the discussed changes, it is possible to detect XPS spectra in a 
reasonable timeframe. Manipulation of the voltages on the zoomlens and of Uan-cp prove 
however to have a positive effect on the. countrate and signai/background ratio. This is indica
ted in the next paragraph. 

3.4.2.3 Influence of V2 and Uan-cp 

The principle of taking XPS measurements with the analyser of the ERISS has been explai
ned. V2 and Uan-cp however, proveto have a positive influence on the XPS spectra, as will be 
shown below. In figure 3.5 three XPS spectra of a Cu sample are shown. In paragraph 3.4.2.I 
it was explained that the focussing elements VI and V2 of the zoomlens are capable of 
focussing the electroos into the analyser. Although through focussing it is not possible to 
achieve energy resolved measurements, far more electroos will enter the analyser using VI 
and V2. The countrate can thus be increased. 

Testing ofboth focussing elements, showed that only V2 was needed to achieve this increa
se in electron yield. The influence of VI alone was less pronounced and the combination of 
VI and V2 showed no visible ditTerenee in countrate compared to using just V2. The increase 
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in electron intensity is a factor 1.6 in the background to 2.8 at the peaks. At the same time, the 
signal to background ratio improves with a factor 1.08 to 1.29. This is visible in the middle 
spectrum of figure 3.5. When regarding figures 3.4b,c,d again, this can be understood by 
assuming that the electrons not only have to reach the entrance of the analyser, but also 
should not produce too many secondary electrons which may also reach the channelplates and 
contribute to the background. The optimum situation is shown in figure 3.4c. The electrons 
enter the analyser at smaller angular divergence and better focussed on the middle of the 
analyser entrance. This optimum is determined empirically by optimizing the countrate for 
different peaks in the XPS spectrum of a Cu sample. Plotting deceleration voltage V3 versus 
voltage V2 shows a near linear dependenee which can be put in formula: 

-V2= V3 *3.432+470 [V] (3.2) 

Calculations of electron trajeetori es have been performed for a given V3, using val u es of V2 
calculated with expression (3.2). The trajectories were quite similar as shown in figure 3.4\ 
indicating that relation (3.2) describes the dependenee of V2 on V3 well for finding the 
optimum V2. 

The countrate can also be increased by changing the polarity ofUan-cp and puttingit at 20-50 
V. This voltage will draw the electrons towards the channelplates, thus increasing the detecti
on efficiency for electrons considerably. A second effect is that electrons that would otherwi-
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Figure 3.5: XPS spectra taken with the ER/SS, using Al X-ray.t at 500 W. The lower 
spectrum is taken without V2 and U~ the middle spectrum with V2 
and the highest with V2 and Uan-c;:zt 50 V. The measuring time ofthe 
spectra was about 520 s, pass energy JO V. The FWHMfor the peaks in 
the speetrum wi th V2 and U an-cp is 2. 6 eV. 

0.0 

25 



Chapter 3: XPS 

se have hit the si de walls of the driftspace, may now be detected. Secondary electrons emitted 
from the channelplate and from the end of the analyser will also be drawn towards the chan
nelplate. 

Using Uan-cp has as a consequence that the energy resolution and signal to background ratio 
slightly deteriorates. For Uan-cp 20 V, this is a factor 1.28. For Uan-cp 50 V, the deterioration is a 
factor 1.44. The gain in countrate is a factor 2.4 and 2.9 respectively. Figure 3.5 contains a 
spectrum with Uan-cp at 50 V, containing peaks with a FWHM of 2.6 eV. Since this is still 
acceptable for overall scans, it is recommended that Uan-cp at 50 V is used. The pass energy of 
the analyser was chosen at 10 V, which enables sufficient energy resolution at good countra
tes. 

3.5 Comparison and conclusions 

To evaluate the results of the XPS in the ERISS, a comparison is made between the spec
trum generated with the ERISS and a spectrum taken with a commercial machine. The 
machine in question is a VG Scientific Twin Anode Source, located at the Chemistry Depart
ment of the TUE. The XPS spectrum is shown in figure 3.2 and took 101 s total measuring 
time. Taking an overall scan with the ERISS, also with Al Ka at 500 W, took 520 s. The 
energy resolution is slightly better for the ERISS, a factor 1.3, but the countrate is a factor 8 
lower. Because the ERISS spectrum consists of fewer datapoints (1300 instead of 2020), the 
time to take a spectrum is only 5 times longer. When the peaks in the spectra in figures 3.2 
and 3.5 are compared, it is seen that the peaks have quite similar intensities. From these 
observations it is concluded that it takes approximately 5 times longer for the ERISS to 
produce a spectrum similar to the one in figure 3 .2. 
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Figure 3.6: The Cu 2p peaks taken with a detailed scan. Step size of 
0. 4 e V and a pass energy of 3 V yields a fWHM of 1.2 
eV. 
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The ERISS spectrum in tigure 3.5 is taken with a pass energy of 10 eV and step size of 1 V. 
For detailed scans, the pass energy can be lowered to 3 eV to improve energy resolution. The 
step size can be diminished to 0.4 V. Uan-cp is tumed off forthese measurements. An example 
is given in tigure 3.6 of a Cu 2p peak using Mg Ka· Currently, the energy resolution is possi
bly limited by the intrinsic line width of the Cu sample. The FWHM is 1.2 eV. Matenals 
exhibiting smaller intrinsic line widths might be tested to deterrnine the best achievable 
energy resolution. 

The time needed to switch between LEIS and XPS measurements is approximately 3 
minutes. In order to change from LEIS contiguration to XPS configuration, the manipulator 
has to be tilted, the souree head brought close to the target and the XPS souree tumed on. The 
most time consuming process is turning on the source, because the pressure has to be monito
red while increasing power. Tuming back to LEIS is a matter of reversing the process. 

In conclusion, the XPS souree in the ERISS is in perfect working order and easy to operate. 
The results are excellent and comparable to similar commercial installations. Measuring times 
are a factor 5 longer however, but this still takes a very short time (10 minutes). The energy 
resolution is good, consirlering the fact that no monochromator is installed. Finally, switching 
between LEIS and XPS is simpte and costs little time, enabling fast in situ comparison of both 
techniques. 
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Dendrimers 

4.1 Introduetion 

Polymers are an integral part of modem society. Plastics, dyes, fibers, coatings, epoxies, 
adhesives, etc. are merely examples of the numerous areas where these matenals are applied. 
The interest in these matenals is therefore understandably very large. There are however not 
many suitable techniques available to investigate polymer surfaces. 

The review artiele of Gardelia [GAR88] summarizes investigations on polymer surfaces, 
using a number of techniques. The standard technique XPS is compared to SIMS, FTIR and 
LEIS. XPS is applied most frequently because it is relatively easy to perform and yields 
compositional and chemical information of the surface. The sampling depth is about 20-80 A 
for polymers. This sampling depth is rather large when compared to LEIS, which yields 
compositional information of the topmost atomie layer. This enables LEIS to distinguish 
between samples with different orientations offunctional groups at the surface (e.g. tacticity), 
which cannot be detected in XPS. SIMS is also a very sensitive method, capable of determi
ning the molecular structure at the surface. It is however difficult to quantify and is, as is 
LEIS, an inherently destructive technique. FTIR is able to determine tacticity of the polymer 
and show chemical information. lts sampling depth however exceeds 1 Jlm. 

With the construction of the ERISS, it has become possible to readily apply LEIS to fragile 
systems such as polymers without darnaging the target. The recent addition of an XPS appara
tus into the ERISS allows comparison of the two techniques. In this chapter, LEIS is used to 
characterize a polymer surface and explore the boundaries and advantages of Ion Scattering 
on these surfaces. For this study, a newly developed type of polymer was chosen: the dendri
mers. It will be shown that LEIS is cap!lble to reveal information about the structure of these 
special polymers. 

The characteristics of LEIS used on polymer systems are outlined in paragraph 4.2. To 
describe the possible use of LEIS on polymers more concretely, a short overview of previous 
work is given in paragraph 4.3. A description of dendrimers is given in paragraph 4.4. Para
graph 4. 5 addresses the question if LEIS can be used to measure on dendrimer surfaces. 
Quantification is discussed in paragraph 4.6, while the position of groups at the surface is 
determined in paragraph 4.7. Paragraph 4.8 considers the importance of surface groups to the 
encapsulation process. A preliminary study about encapsulated CuS04 is described in para
graph 4.9. Finally, conclusions are drawn in paragraph 4.10. 

4.2 LEIS on polymers 

The characterization of polymer surfaces using LEIS, is not a wide spread method. The 
reason LEIS has not been used much, can be ascribed to the destructive properties of ion 
scattering. The ion bombardment destroys the surface under investigation, thus changing the 
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sample and the results. Polymers appear to he extremely sensitive to ion bombardment and 
beam dosesaslow as 2el3 ionslcm2 are reported to cause damage onsome targets [H0086]. 
In polymers, the ion bombardment may chemically alter the sample through reactions or turn 
the carbon atoms into graphite. It is therefore imperative to measure with very low beam dose 
in order to do experiments on a target that is not changed by the ion beam. This is called 
"statie" LEIS. The ERISS is capable of measuring with extremely low beam doses, thus 
enabling static LEIS, and is used to carry out the experiments described in this chapter. The 
charging of the sample, which may also occur in LEIS, can he negated by the neutralizer in 
the ERISS. 

LEIS is capable of determining the composition of the topmost atomie layer. This enables 
investigation of the surface structure. Atoms of the topmost layer may shield atoms of the 
second layer, so they cannot he seen by the ion beam. This yields information about the 
position of atoms of the topmost layer with respect to the second layer. It is also possible to 
label groups with known elements. The LEIS spectrum will reveal whether the labeled groups 
are at the surface or not. These considerations indicate that LEIS can he a valuable technique 
for the investigations of polymers and that an effort should he made to advance this technique 
in the field of polymer research. 

4.3 Leis on polymers: previous work 

Introductory studies as to the use of LEIS on polymers are given by Baun [BAU82] and 
Sparrow et al. [SPA78]. They show the necessity of neutralization of the sample during ion 
bombardment to prevent charge-up. They also show that LEIS spectra are changing due to the 
damage inflicted by the ion beam. Thomas et al. [TH080] have taken LEIS spectra of indus
trially interesting polymers, including 0/C ratios when applicable, to help characterize these 
surfaces. 

Hook et al. [H0087] have shown that LEIS is capable of distinguishing between the 
polymers P2VP (poly 2-vinylpyridine) and P4VP which have the samebulk composition but 
exhibit different N/C ratios at the surface. The ditTerenee in ratio is caused by the different 
orientation of functional groups containing N. Gardelia [GAR88] reports on similar measure
ments on the polymer PMMA (polymethylmethacrylate). The tacticity ofPMMA speciescan 
he determined by measuring the 0/C ratio at the surface. The same review paper also reports 
on the measurements on blends of DMS ( dimethylsiloxane) with BP AC (bis-phenol-a-poly
carbonate). The ditTerenee between types of blends is again visible through the 0/C ratio at 
the surface. 

Bertrand et al. [BER93] compared PET (polyethyleneterephtalate) with PMMA using LEIS. 
Both polymers have the same bulk composition. The 0/C ratio at the surface for both poly
mers is again different. The same authors have also performed measurements on F treated 
PET, compared to non treated PET [PUY91]. Because the F atoms shielded the 0 atoms, the 
0/C ratio decreased which indicated the substitution ofH by F atoms. 

Finally, Jeong et al. [JE092] have studied the interaction of ion beams with the polymer 
surface. The motivation for this investigation was to determine the influence of ion beam 
radiation on the adhesion of metallized plastics. 

The work done by the above mentioned authors, illustrates the unique capability of LEIS to 
yield compositional information of the topmost atomie layer. Since the main disadvantage of 
LEIS, its destructive property, is virtually eliminated with the construction of the ERISS, the 
technique will he used to investigate the structure of a new polymer type: the dendrimer. 
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4.4 Dendrimers 

Dendrimers are a group of polymers that exhibit properties not found in other polymer types 
[TOM94]. Regular polymers are built out of small units (the monomers) to forma very long 
string. The length of this monoroer string is usually not well detined and subject to statistica} 
fluctuation. Dendrimers however, are well-detined, highly branched molecules that emanate 
from a central core. Because of a step-by-step synthesis, full control over size, shape and 
functionality can be obtained. The tree-like structure of the dendrimer ( dendros=tree) is 
caused by the bifunctional endgroup of the monomer. V arious types have been reported 
[XUK94],[0TT94]. A 2-dimensional representation of a dendrimer is shown in tigure 4.1. 
This particular dendrimer is produced in large quantities by DSM and is the one used in our 
investigations. The dendrimer of tigure 4.1 is a 51h 
generation molecule: it has 64 end groups. The con
struction of a higher generation proved difficult 
since the end groups in the sth generation are too 
closely packed to allow the complete synthesis of a 
new monoroer layer, consisting of 128 endgroups. 
Figure 4.1 also indicates the existence of cavities 
inside the molecule: 4 large and 4 small ones. Mea
surements including Dynamic Light Scattering and 
SANS show that the diameter of the dendrimers is 
4.4 ± 0.1 nm, consistent with 3D computermodel
ling which indicates a diameter of 4. 5 nm. A 3-di
mensional picture of the sth generation dendrimer is 
shown in tigure 4.2. 

The Laboratory of Organic Chernistry, at the Che
mistry Department of the TUE, recently succeeded 
in tilling these cavities with molecules and Iocking Figure 4.2 3D computermodel of a dendrimer. 

them in by endcapping the dendrimer with a layer 
of large amino acids [JAN94]. A maximum number of 4 molecules could be encapsulated 
inside these dendritic boxes if a large molecule is used, e.g. Bengal Rose, contirming the 
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Figure 4.3: Schematic ofthe encapsulation process. The tBOC group (numbers 5 through 8) is located besides 
the benzyl group (numbers 9 through 1 4). The ester containing these groups is brought into reaction 
with the amine terminated, unshielded dendrimer. A dense outer layer is formed. 
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existence of only 4 large cavities. The encapsulation process is visualized in tigure 4.3. The 
molecule used to endcap the dendrimer is a tert-butyloxycarbonyl (tBOC)-protected amino 
acid and is so large that it will cause steric hindering which will prevent molecules from 
travelling to and from the cavities. The shell may be broken down again chemically or by heat 
treatment at temperatures over 190°C in a controlled way. 

The capability of dendrimers to contain molecules and rendering them chemically inactive 
until released again, is pinpointing it as a potentially interesting storage and transport medi-

Figure 4.1: 2-dimensional representation of a dendritic box, a/ready with an encapsulating shell. The 
addition ofmonomers with bifonctional end groups leadstotree like structures with cavities. 
This dendrimer is ofthe 5th generation, having 64 end groups. The base dendrimercan 
a/ready be produced in large quantities by DSM. 

urn. But dendrimers show promise in many more ways. The typical architecture of the dendri
mer can be of importance in catalysis. Positioning catalytic agents inside the cavities yields 
selectivity because only eertaio reactants may reach the catalytically active atoms. The 
cavities of the dendrimer might be tilled with electrically or magnetically active molecules, 
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yielding electrical or magnetical properties to polymers. The polarity of the inside of the 
dendrimers might allow good mixture with metals, unlike most other polymers. Macro
organic molecules might be formed by using the dendrimer as a macroscopie C-like atom 
(modular chemistry). This cao be done by encapsulating molecules with a long tail or stake 
sticking out of the dendrimer. In this way, dendrimers with 4 stakes will be formed and by 
connecting these stakes a macro-organic molecule cao be constructed. 

The above consideration shows that dendrimer systems have great potential aod prove a 
very interesting field of investigation. At this point however, the precise structure of the 
dendrimer is oot known in detail. As explained before, LEIS cao contribute greatly in a better 
understanding of the structure of the dendrimer. In this chapter, the structure will be investi
gated by attaching labeling atoms (I or Cl) to groups of the dendrimer surface or to molecules 
that will be encapsulated. By determining how much of the labeling atoms cao be seen by the 
ion beam, we hope to resolve the following questions in the next paragraphs: a) Is it possible 
to investigate the surface and what beam do se may be applied, b) Which groups are present at 
the surface and c) What information cao be gained about the encapsulated molecules aod the 
encapsulation groups? 

4.5 Detection of labeling atoms 

In order to determine whether the dendrimer surface cao be investigated, a dendrimer was 
labeled with I atoms. Each phenylgroup ofthe encapsulation group (figure 4.3) had 2 I atoms 
attached to it, at positions 12 and 14. This resulted in a dendrimer which contained 128 I 
atoms located at the outside. The dendrimer was dissolved in DMSO (dimethylsulphoxyde) 
and spincoated on a Si02 wafer. The result of the LEIS measurement is shown in figure 4.4. 
At a dose of3.5e12 ions/cm2

, the I on the outside ofthe dendrimer is clearly visible. Obvious-
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ly, it is no problem to detect 128 I atoms on the outside of the dendrimer. Continuing the 
measurement resulted in darnaging the target, as the decrease in the I signal indicates. A dose 
of 2e 14 ions/cm2 causes a decrease in the signal of 10%, while a do se of 6e 14 ionsicrit causes 
a 50% decrease. At doses in excess of 6e16 ions/cm2

, only the substrate is visible and the I 
has gone completely. 

The substrate was already visible at very low beam doses. This proves that the spincoating 
procedure is not capable of forming a closed layer of dendrimers. Repeated spincoating 
treatments showed that the surface coverage of the dendrimers on the substrate was oot 
reproduced well. Moreover, a closed dendrimer layer would increase the chance of detecting 
much lower amounts of I atoms attached to a dendrimer, because more dendrimers would be 
visible to the ion beam. 

To achieve such a closed dendrimer layer, a new preparatien metbod was applied. The 
dendrimers were again dissolved in DMSO. The solution wasthen dripped on a Si02 substrate 
with a pipet. To increase the evaporation rate of the solvent, the sample was heated to ap
proximately 80°C, since the solvent is flammable at higher temperatures. Repeated treatments 
formed a very thick, optically closed dendrimer layer. All dendrimer samples in the remaioder 
ofthis chapter were prepared in this way. 

Again, the dendrimer was investigated using LEIS. The result of these measurements was 
somewhat different: the I could oot be seen immediately, a beam dose of 2e14 to 6e14 
ions/cm2 had to be applied to let the I peak rise to its maximum. The I peak then remained 
constant when the beam do se was increased, due to the thickness of the dendrimer layer. 

The reason the I peak cannot be seen immediately, can probably be found in the presence of 
H atoms shielding the I atoms. It is known from literature [V AN94],[BER95] that H cao 
effectively annihilate the signal of the atoms it is shielding. The samples prepared with the 
droplet metbod are very hygroscopic, and although pumping removes most of the water, it is 
possible that water molecules are still adsorbed to the dendrimer surface. Another possibility 
is the shielding of I by H attached to other groups. The do se needed to sputter a monolayer of 
hydrogen off a metal surface is about 6e15 ions/cm2 for 4 keV4 He [TAG78]. It is difficult to 
compare these numbers with the dose found in our measurements, because the bonding is 
significantly different. The dose is however within this range, strengthening the assumption H 
shields I atoms partially. 

In conclusion, it is proven that it is possible to investigate the dendrimer surface using LEIS 
aftera dose of2e14 to 6e14 ions/cm2 is,applied. I atoms attached to surface groups cao easily 
be detected. 

4.6 Quantification 

4.6.1 Reference 

In order to quantif:Y what number of I atoms per dendrimer is visible to the ion beam, a 
reference sample has to be prepared. The I peak areas of the dendrimer sample under investi
gation and the reference cao then be compared and the number of I atoms per cm2 determined. 
By calculating the number of dendrimers per cm2

, the number of I atoms per dendrimer is 
found. Assurning a dendrimer radius of 2.21 nm, the dendrimer areal density is 6.52e12 
dendrimers/cm2

. 

The reference sample used to quantif:Y all measurements was prepared at Philips NatLab. 
The procedure of preparation starts with the ultrasonic cleaning of an Al tablet in ethanol. The 
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contarninants left are then removed by putting it in an UV ozone apparatus for 15 rninutes. A 
dernineralized water rinse and another UV ozone treatment then provides a clean Al20 3 

surface. Carboxylic acids, containing no double honds and at least 10 C atoms long, may have 
a halogen atom at the end (w position). The carboxylic acids will attach themselves to the 
clean Al20 3 surface, forrning a closed layer, where the halogen atom is still free to rotate 
around the C tail. Attaching the organic acids can be done by dissolving them in THF and 
putting some dropiets on the Al20 3 surface for 30 seconds. A rinse with dernineralized water 
during spinning removes the excess carboxylic acids. In our case the halogen atom was I, 
providing a quick reference for the samples with I on the outside and dye molecules inside. 
The I atom density was calculated to be 1.46e14 atoms/cm2

, using Van der Waals radii for 
the I atom itself and taking the possibility of rotation into account. RBS measurements 
yielded a coverage of l.Oe14 atoms/cm2 with a total beam fluence of 4e14 4 MeV He 
ions/cm2

. This number is only a lower limit, because it is known that the ion bombardment 
does damage the sample. The total beam fluence is however not much larger than this num
ber, suggesting that the damage to the sample is lirnited. The calculated value of 1.46e14 
atoms/cm2 is therefore assumed to be the correct value for the areal density ofl atoms. 

4.6.2 Neutralization 

In order to quantify the measurements correctly, it is necessary to determine whether the ion 
fraction Pt in expression (2.2) is the same for all measurements. There is no way to predict if 
matrix effects will have an effect on the ion fraction or not. In our samples, all I atoms are 
chernically bonded to a C atom. It is therefore unlikely that matrix effects will play an impor
tant role in our measurements. This may be veritied by checking whether the ion fraction 
complies to the following emperical relation tirst proposed by Hagstrum [HAGS4] 

In pi+ = vc (_!_ + _!_) 
vi Vr 

(4.1) 

where vi and \f are the veloeities of the ion before and after scattering respectively.c V is a 
constant called the characteristic velocity. If this relation is valid for the samples under 
investigation, the characteristic veloeities of different samples may be compared. When 
matrix effects are playing a role, these characteristic veloeities will be different, thus yielding 
another ion fraction for each sample. By changing the primary beam energy and measuring 
peak areas of the element in question, a plot of 1/vi+ llvr versus In ~ + can be made. Instead of 
Pt, the peak intensity divided by cross-section and beam current is used. 

The results of these measurements for the reference sample, a dendrimer with 128 I atoms 
on the outside shell and a tBOC-glycine endcapped dendrimer, of which the encapsulation 
groups do not contain the benzyl group, tilled with Bengal Rose are shown in tigure 4.5. The 
slopes, i.e. vc, for all three samples are the same within experimental error. This indicates that 
the ion fraction is also the same for all dendrimers and the reference sample and quantiticati
on may be done by comparing intensities from dendrimers to the calibration sample. 
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Figure 4.5: The neutralization characteristicsfor •: the reference sample, 
0: a dendrimer with 128 I atoms on the outs i de and D.: a tBOC
g/ycine endcapped dendrimer with Bengal Rose inside. The fit to 
the reference fits we/I for the other samples as we/I. The uncert
ainty in In (SI(J*cr)) is however quite large: approximately 0.4. 

4.6.3 Other considerations 

Other considerations that should be taken into account in the quantification procedure are 
the influence in surface roughness that will lower the detectable I signal. The influence of the 
surface roughness is estimated to cause a factor 2 decrease in the signal, as described in 
[JAC95]. 

A correction factor for the amount of Si02 covering the surface was also employed. This 
Si02 is not the substrate, but the remnants ofthe preparatien metbod used to make the dendri
mers and may cover typically 20% of the surface. After the building of the encapsulation 
layer, the dendrimers are purified by column chromatography with Si02, leaving some Si~ in 
the sample. The dialysis step afterwards does not remove this contaminant. These methods 
have to be employed to clean the dendrimers when dye molecules are encapsulated: no dye 
molecules may remain on the outside. During the graduation project, it was proven that 
column flitration alone is not capable of removing all dye molecules. Dialysis can, but is 
slow. A combination of the two techniques to prepare all dendrimers worked well. Si02 

remains to be seen in the sample, however. 
The uncertainties in the measurements are governed by a number of factors. It is however 

important to note the ditTerenee between the absolute and relative number of I atoms in the 
samples. When determining the relative amount of I in a dendrimer, compared to other 
dendrimer samples, uncertainties are caused by statistica! error, subtraction of background 
and the coverage by Si02. The absolute numbers include these factors but the uncertainties in 
surface roughness and the areal density of the dendrimers and calibration sample are added. 
This means that the relative amount of I, when samples are compared, is more reliable than 
the absolute number. In the following paragraphs, the relative uncertainty in the number of I 
atoms will be given. 
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4. 7 Groups at the surface 

Paragraph 4.5 showed that the attachment of foreign atoms to the encapsulation group is 
readily achievable and that it is easy to detect them. It is now possible to investigate which 
groups of the entire encapsulation group are at the surface by labeling the benzyl group. If a 
large amount of I atoms is seen, the benzyl appears to be located more at the surface than the 
tBOC group. A dendrimer with 64 encapsulation groups has however a very dense surface, as 
was mentioned in paragraph 4.4. The addition of I atoms tothese groups will cause even more 
sterical hindering, especially since I is a very large atom. Computerroodels confirm this. It is 
therefore believed that the I will have a significant influence on the position of the encapsula
tion groups at the surface. For very low amounts of I atoms, the sterical hindering will not be 
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Figure 4.6: The "dye" molecules used to put inside the dendritic boxes. Bengal Roseis the one mostfrequently 
used in our experiments. 

as large and the surface structure will be more like the structure of an unlabeled dendrimer. 
T o perform this investigation, 3 types of dendrimers of the Slh generation with an increasing 

number of I atoms were prepared. The dendrimers contained 32 I, 64 I and 128 I atoms 
respectively. Some of the dendrimers were also tilled with so called "dye" molecules, which 
are shown in tigure 4.6. The 32 I type dendrimer was tilled with 2 Eosin molecules, the 64 I 
type dendrimer with 4 Tetrachlorofluorescein molecules. 

The results are shown in tigure 4.7. The increase ofthe I signal with higher amounts of I at 
the surface is apparent, but not linearly dependent Quantification of the number of I atoms 

36 



Dendrimers studied by LEIS 

2.0 

1200.0 1600.0 2000.0 
Energy (eV) 

--- 1281 
641 

-321 

I 

2400.0 2800.0 

Fïgure 4. 7: The LEIS spectra of dendrimers with diffirent amounts of I at the 
surface. The I signa/ is decreasing as a .function of I amount, but 
nol linearly. The 128 I and 64 I spectra are lifted with respect to 
0 count yield for clarification. 

visible to the beam yields 9.3, 11.8 and 12.3 I atoms for 32 I, 64 I and 128 I dendrimers 
respectively. Because only one hemisphere of the dendrimer is visible to the ion beam, a 
factor 2 was incorporated in the calculation. The number of atoms all have a relative uncert
ainty of about 15%. To acquire the maximum I signal, a dose of 6e14 ions/cm2 should he 
applied. In paragraph 4.5, it was shown that at this dose, some ofthe I is gone and cannot he 
detected. Since the signal remains constant when applying higher dose, this effect is thought 
to he small, but will influence the determination of the absolute amount of I atoms. 

The ratios between the number of visible I atoms and the total number of I atoms can now 
he determined. These are 29%, 18 % and 10%. Being able to see the labeling atoms, already 
indicates that the benzyl group is located at the dendrimer surface. When we regard the 
dendrimer with the fewest I atoms attached first, it is clear that even at these low amounts of I 
atoms, less than half of the labeling atoms is visible to the beam. This might imply that one I 
atom attached to the benzyl group is effectively shielding the other I atom of the same phenyl 
from the ion beam. The remaining I atoms are then still partially shielded by the other groups 
or by I atoms of other benzyl groups. Increasing the amount of I atoms, shows that relatively 
fewer I atoms are positioned at the surface, caused by the increased sterical hindering. The I 
atoms are shielded even more by other groups and I atoms and are pushed inwards where they 
are obscured from the ion beam. 

4.8 Encapsulated molecules and encapsulating groups 

One of the most interesting properties of the dendrimer under investigation is its ability to 
encapsulate molecules. This paragraph is focussed on determining whether they are indeed 
completely shielded from the environment, and which groups of the dendrimer are responsi
bie for the shielding. In order to do this, several dendrimers were made which had different 
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encapsulation groups and were tilled with 4 Bengal Rose molecules. These dye molecules 
contain 4 I and 4 Cl atoms each. Schematic representations of the encapsulation groups are 
shown in tigure 4.8. When the encapsulation group is smaller, the dye molecules may become 
visible to the ion beam. The amount of visibility of the dye molecules is a measure for the 
importance of the surface groups for the encapsulation process. In the quantitication, a 
correction factor of 2 should be applied, because only 2 of the 4 cavities in the dendrimer are 
visible at one time on the average. The uncertainties in the numbers are about 20% due to a 
larger statistica! error. 

When investigating the regular dendrimer with both benzyl group and tBOC group (a), no I 
or Cl signal is found. Apparently, the dye molecules are completely shielded by the two 
groups and have no interaction with the environment. This is fully in agreement with the 
observations of the Laberatory of Organic Chemistry. Replacing the tBOC-benzyl with a 
tBOC-methyl (b), gives a less steric hindered shell. Indeed, 3.6 ofthe 16 I atoms inside were 
visible to the beam. This is 23% of the total I atoms: the dye molecules are still fairly well 
shielded. "Removing" the methyl group as well (c), yields a 98% visibility on the molecules 
inside the dendrimer. Although all dye molecules are still encapsulated, the remaining encap
sulation group (the tBOC group) is not obscuring view to the dye molecule. When the benzyl 
group remains, instead of tBOC (d), the same result is found: 124% of the dye molecules is 
visible. The sterical hindering of the tBOC or the benzyl group seems therefore of similar 
magnitude and surprisingly the groups do not obscure view to all I atoms of the dye molecule. 
The last dendrimer has no tBOC group or benzyl ( e ). This means there is practically no 
encapsulation group and the dendrimer is almost the same as the unshielded dendrimer. The 
number of I atoms visible is only 5.8, which is much lower than expected from this most open 
structure. It appears that dye molecules have migrated out of the dendritic box since they were 
no longer encapsulated. 

Th I . d . h :6 ll bi e resu ts are summanze m t e o owm~ ta e: 

Sample I atoms I percentage 

a) tBOC-benzyl 0 0% 

b) tBOC-methyl 3.6 23% 

c) tBOC-glycine 15.7 98% 
,. 

d) Benzyl - no tBOC 19.8 124% 

e) Glycine -no tBOC 5.8 36% 

When regarding the dye molecules themselves, a very interesting effect was observed. The 
Cl signal of the dye molecule did not appear at the same dose the I signal did. This is illustra
ted by tigure 4.9. At a dose of2.7e14 ions/cm2

, the I signalis clear, but the Cl signal cannot 
be discemed. At a dose of6.4e14 ions/cm2

, the ratio between I and Cl peaks is 3.8:1, which is 
the same as measured on a mix of dendrimers and dye molecules. It should be noted that it is 
difficult to see the effect, since the Cl is on a relatively high background and the Si peak is 
nearby, but the phenomenon reproduces well in subsequent spectra. This effect strongly 
suggests that the dye molecules have a preferred orientation within the dendrimer, probably 
caused by the shape of the cavity and the dye molecule. 
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Figure 4.8: The 5 diflérent encapsulation groups. a) tBOC-benzyl (the regu/ar encapsulation group), b) tBOC
methyl. c) tBOC-glycine, d) Benzyl- no tBOC and e) Glycine - no tBOC. 
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The Cl peak is not clearly seen until a dose of6. 7e 14 ionslcm1 is 
applied. The I peak is alreadyvisible at a dose of2.4el4 
ionslcm2

• Although the Cl peak is partially obscured by the Si 
peak and the high background, the effect is reproducable. 

Finally, XPS spectra were measured as well because its larger prohing depths can be contra
sted to LEIS. In figure 4.1 0, the XPS spectrum of a dendrimer with 64 I atoms on the outside 
shell is shown. Apart from the expected elements C, 0 and I, a clear N peak is visible. No N 
peak can be found in LEIS measurements. When regarding the proposed structure of the 
dendrimer shown in figure 4.1, it is seen that N is abundant but only at the inside of the 
dendrimer. The absence of a N peak in LEIS spectra is in agreement with these observations. 
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Figure 4.10: XPS spectrum of a dendrimer with 64 I atoms at the outer shell 
and 16 Cl atoms in.ride. The N peak. caused by the abundant N 
atoms at the in.ride ofthe dendrimer, is clearlyvisible. 
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Figure 4.10 does not show Cl atoms that should be attached to dye molecules in the inside, 
although the prohing depth of the XPS is thought to be large enough to view at least half the 
dendrimer. Other XPS measurements on dendrimers with smaller encapsulation groups prove 
that these molecules can be seen with XPS. The absence of the signal when a dendrimer with 
fully closed outer shell, may indicate the dye molecules are located deeper inside the dendri
mer or that the mean free path of the electrans is much shorter than expected. 

4.9 Encapsulated CuS04 

In a preliminary investigation, concerning the mixing of metals with polymers, CuS04 was 
encapsulated into a dendritic box. It is not straightforward to mix metals with polymers, but 
dendrimers appear to have properties enabling this feature. To find out where these CuS04 

complexes are located, LEIS measurements were performed. At the usual dose of 5.2e14 
ions/cm2 a S signal was visible, showing the CuS04 is at the surface of the dendrimer. Appa
rently, the CuS04 is locked in the shell, rather than positioned inside the cavity. At this dose 
however, no Cu could be seen. The Cu peak was only visible after a dose of 1. 7e 15 ions/cm2 

as is shown in tigure 4.11. This effect clearly shows the preferred direction of the CuS04 in 
the dendrimer shell. When mixing the CuS04 with the unshielded dendrimer, the Cun is 
attracted to the polar inside of the dendrimer. When the apolar encapsulation groups are 
attached to the dendrimer, the CuS04 has not been drawn into the cavity completely, but is 
complexed in the shell. 
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Figure 4.11: The mix between dendrimer and CuSO 1 c/early shows no Cu at 
a dose of 5.2e 14 ionslcm1

• A smal/ S peak is however visible. 
The Cu peak appears at a dose of 1. 7e15 ionslcm1

, indicating 
theSis more outwardly oriented than the Cu. 
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4.10 Conclusions 

The conclusions drawn in the previous paragraphs are summarized here and compared to 
the proposed model of tigure 4 .1. 

It was shown that LEIS is capable of measuring on dendrimer samples. The preparation 
method yielding a closed dendrimer layer is the droplet method. Because of the presence of 
water or close packing, H atoms are probably partially shielding I atoms attached to the 
outside shell. This means a beam dose of 2e14 to 6e14 ions/cm2 should be applied before a 
stabile signal can be measured. The I atoms can then be seen very easily with the ion beam. 

When I atoms are attached to surface groups, the sterical hindering becomes exceedingly 
large. The large I atoms do not fit well in the already packed surface and even at low I loa
dings, 32 I atoms per dendrimer, only 29% of the I atoms is visible. This is ascribed partially 
to the shielding of one I atom by the other I atom of the same benzyl group and partially by 
shielding by other groups. This obvious proof that the outer atomie layer is already very dense 
without I atoms, is completely in agreement with the proposed models and the observation 
that the construction of higher generations of dendrimers is very difficult. It is the first direct 
confirmation that the encapsulation shell completely shields the molecules inside from the 
environment. 

XPS measurements show a N peak, while LEIS measurements do not. This strengthens the 
model offigure 4.1, where Nis abundant, but only at the inside ofthe dendrimer. 

When investigating the possibility to see dye molecules inside the dendritic box, new 
information was given by the LEIS experiments. The importance in the encapsulation process 
of the benzyl group and the tBOC group was determined to be about the same, while the 
entire dye molecule was visible to the ion beam. The combination of the tBOC with a methyl 
group shows only 23 % of the dye molecule, suggesting that the methyl is more important 
than the phenyl within the benzyl group for encapsulation purposes. 

Another interesting result is that the dye molecules have a preferred orientation within the 
dendrimer, because the Cl signal is not found at the same dose the I signal is. This effect is 
probably caused by the shape ofboth dye molecule and cavity. 
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Recommendations 

During the graduation project, several problems and uncertainties were encountered. The 
following recommendations are aimed at resolving the questions that remain yet unanswered 
and are divided in two sections: a section concerning the ERISS and a section concerning the 
dendrimers. 
ERISS: 

• The XPS spectra measured with the ERISS have a significant amount of background. 
Although this is not unusual for XPS spectra, the background can possibly be lowered by 
coating the inside of the analyserplates with graphitic paste. The background is thought to 
be caused mainly by the detection of secondary electrons emitted by the analyserplates 
when an electron hits them. Applying the graphitic paste might reduce the secondary 
electron emission and thus the high background. 

• The ERISS analyzer should be dismantled and re-assembled again to find the problem 
causing the shift of the projected peak on the collectorplate. 

• The implementation of the IEEE port has to be completed and all programs should be 
slightly rewritten to fit the demands of the IEEE port. T o create a more user friendly 
operating system, several adjustments have to be made in both PEP programs and C 
programs. These programs are now nearing completion. 

Dendrimers: 
• The possible preferred orientation of the dye molecules in the dendrimer may be caused 

by sterical hindering or by other reasons. In order to investigate this, a dye molecule with 
the Cl and I atoms reversed with respect to Bengal Rose may be incapsulated in a tBOC
glycine or Benzyl - no tBOC sample. The Cl atoms will then be positioned where the I 
atoms were positioned in Bengal Rose. When Cl is detected at lower doses than I, the 
preferred orientation is proven and an explanation can be sought. 
It is also possible that the large I atoms cause the preferred orientation. Using smaller 
atoms like Br or Cl and using fewer atoms per dye molecule, this possibility can be 
examined. 

• As shown in chapter 4, not all dye molecules can be seen by the ion beam, when a Glyci
ne - no tBOC sample is examined. If not all cavities are tilled with dye molecules anymo
re, the measured amount will be less. It may also be caused by the shielding of the atoms 
forming the cavities. Bulk techniques like RBS or PIXE can possibly determine the ratio 
between I (ofthe dye molecules) and N. Comparing the Glycine-notBOCsample with a 
regular dendritic box tilled with Bengal Rose, indicates whether indeed dye molecules 
have migrated out of the Glycine - no tBOC sample after removing the shell. If this 
proves not to be the case, the atoms of the cavities are partially shielding the dye molecu
les inside. 
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Appendix A: Target Monitor 

Target Monitor 

A.l Introduetion 

With the introduetion of the Beam Profile Analyser [MIE94], the possibility to monitor the 
beam size, shape and position was realized. In order to create a visualization of the beam, the 
deflection plates in the ERISS were used to change direction of the ion beam and sweep it 
over the Analyser sample position. A channeltron, installed undemeath a small hole, detected 
the number of incoming ions. This information was correlated with the position of the beam 
using a computer system, which was thus capable of creating a 2-dimensional representation 
of the intensity of the ion beam. 

When, however, the beam is not used on the Analyser position but on a real target closely 
positioned to the BPA, the channeltron is still able to piek up i ons that are emitted from the 
target at the position where the beam is located. This yields a picture of the target, with the 
resolution determined by the spot size of the ion beam. Although this effect was unintentio
nal, it does give the user a useful tooi to deterrnine where the ion beam is hitting the target 
and if other elements like screws, clips or the sample holder are visible to the beam during 
measurements. This will of course influence the measurement or give rise to "unexpected" 
peaks, which can now be easily avoided. 

A.2 The Target Monitor 

It is not possible to monitor every target in this way, because ions emitted from targets 
located far away from the BPA do not reach the channeltron in sufficient numbers to yield a 
picture. Also, quite a large beam current should be used to create the picture, which is undesi
rable, especially on fragile targets. Therefore, it was decided to mount another channeltron 
into the ERISS which is capable of monitoring every target. This Target monitor should be 
able to function at much lower beam currents and should be suitable for the detection of 
electrons as well as ions. The construction of such a monitor gives rise to several technologi
cal problems. In order to detect electrons, the entire channeltron and associated electronics 
should be lifted from ground and operate at a voltage of 2-3 kV. The channeltron itself should 
be mounted towards the manipulator, closeby to be able to piek up electrons or ions, but 
without botbering the transport of samples to and from the manipulator. Also, the channeltron 
bas to have a heat shield, in our case a metal encasing, to prevent the bake-out lamp inside 
from darnaging the electronics. 

A Target Monitor, built conform the above mentioned considerations, was built and results 
are shown in the next paragraph. 
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A.J Results 

In tigure A. 1 a picture of a Cu sample, detecting electroos is shown. In this measurement, 
the beam spot had a diameter of 0.28 mm. The resolution of the picture will therefore be of 
this magnitude. Clearly visible are the screws and clips with which the sample is attached to 

Figure A.l: Picture of a Cu sample, detecting electrons 
emitted from the target where the ion beam 
hits. Beam diameter is 0.28 mm, with a 
beam current of 140 pA. Contrastand 
visibility increase with increasing beam 
currentto about 300 pA. 

the sample holder. The lighter spots in this 
picture are screwholes. Typical beam currents 
needed to take a picture are around 140 pA. 
The applied beam dose in this case was 7.8 x 
109 ions/cnr, because the sweeped area was 
1 Ox 10 mm and the total time the target was 
exposed to the ion beam for this picture was 
about 10 seconds. This extremely low beam 
dose ensures the target is not damaged by this 
procedure. It is possible to look at every 
sample, since the channeltron is positioned on 
one of ports of the main vacuum chamber, 
pointing towards the manipulator. A separate 
control box was built to provide high voltages 
for the channeltron, together with the 
ion/electron switch. Electronics needed to 
sweep the beam over the target are already 
built into the BPA control box. The target mo
nitor will use this box as well. Computer soft
and hardware were adjusted accordingly to 
enable use of the separate control box. 

When measuring electrons, the beam intensi
ty needed to obtain a clear picture is much 
lower than for ions, since the number of ions 

emitted from the sample is much lower than the number of electrons. Typical beam currents 
when detecting ions should be over 400 pA to yield a picture with the same quality. This is a 
factor 3 worse than for electrons. The beam dose is however still exceedingly low, so no 
problems will arise when detecting ions .. 
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2-Dimensional MCA 

B.l Introduetion 

In paragraph 2.4.3 it was explained that electrondouds hitting the collectorplate will genera
te two pulses; one for the radius or energy and one for the azimuth. In the old configuration, 
only one of these signals may be stored in the 1-dimensional MCA which has 4096 channels. 
Usually this means the azimuth information is not stored, because measurements are taken on 
non-crystalline materials. When using the 1-dimensional MCA however, it appears that the 
dispersion relation that determines what energy corresponds to which channel is azimuth 
dependent. This causes problems in the conneetion of different energy windows to form a 
larger energy spectrum. A more important effect however, is that the energy window than can 
be used, is about 1/3 ofthe entire energy window that is projected onto the collectorplate: i.e. 
ö (defined in paragraph 2.4.2) is reduced from 0.05 to 0.017. The energy resolution is also 
worse than expected for the analyser. 

The problem is caused in a physical shift of the projection of the incoming ions on the 
collectorplate. Such a shift would cause a peak to broaden because of the integration over all 
azimuths and would distort dispersion relations. To investigate this problem and correct for it, 
a 2-Dimensional MCA is needed in order to generate a 2-dimensional picture of the projecti
on on the collectorplate. 

Figure B.l": Projection of a Co peak on the collec
torplate. The S shape is very pronoun
ced. Energy channels are displayed 
horizontally. azimuth channels verti
cally. 

50 

Figure B.J•: Cylindrical representalion ofthe pro
jection on the collectorplate. The Co 
peak appean to be shifted to the right 
botlom corner on the collectorplate. 
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B.2 Results 

In order to derive a 2-dimensional picture 
of the projected particles on the collectorpla
te, a 2-Dimensional MCA was installed with 
10 bits ( 1024 channels) for the energy and 9 
bits ( 512 channels) for the azimuth. Because 
of the enormous amount of datapoints per 
window, this was compressed to 256 energy 
channels and 128 azimuth channels. In our 
measurements, we used a poly-crystalline Co 
sample to elirninate azimuthal effects. The 
energy peak of the Co should be visible at all 
azimuths. The two dimensional datapoints 
were read by XMAPLE to yield the results 
shown in tigure B.1 a,b,c . Figure f shows the 
cartesian two dimensional projection of a 
peak on the collectorplate. The representation 
of the collectorplate has a rectangular shape 
as expected. Not all azimuth and energy Figure B.J<: 3-Dimensiona/ representation ofthe 
channels ·are used to project the entire collec- projection of a Co peak on the 

. . collectorplate. 
torplate. The proJectiOn of the Co peak ho we-
ver is not straight, as should be the case when all particles with the same kinetic energy arrive 
at the same radius on the collectorplate. The S shape indicates a shift of the projection at a 
eertaio angle as is clearly seen in tigure B.1 b . The 3-dimensional representation of particles on 
the collectorplateis shown in tigure B.l c. 

B.3 Solution 

The shift of the projection of the peak may be 
caused by a number of reasons. When the last 
channelplate contains diagonal instead, of verti
cal channels, the entire projection on the collee
terplate will shift. This would be visible in the 
projection as if the entire peak and collectorplate 
image has an S shape. In our case, only the peak 
is S shaped, thus elirninating this possibility. 
Checking the channelplate contiguration indeed 
contirmed that this was not the problem. Ano
ther reason rnight lie in the rnisalignment of the 
detector with respect to the analyser. Closer exa
minatien proved this false as well. The exact 
reason for this shift is therefore still unknown. 

To circumvent the problem, it is possible to Figure B.2: The projection on the collectorplate 
manipulate the acquired data by shifting the peak after shifting ofthe data. 
back to its original position. Several datamanipu-
lation programs were written to achieve this. Figure B.2 shows the result of this peakshift. 
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The improvement in peak position is very apparent, when comparing tigure B.2 to B.1 b. 

Integration over all azimuths of the newly acquired data, yields an energy spectrum with 
better resolution as is apparent in tigure B.3. Because the dispersion relation is now much less 
dependent on azimuth, the energy window that can be used is increased in size. ö is now 
approximately 0.025 insteadof 0.017. This implies that less windowshave to used to take an 
energy spectrum, which would decrease measuring time. 

The drawback of using a 2-Dimensional MCA is that, although data is compressed, the 
number of datapoints is much larger than was the case with the 1-dimensional MCA and takes 
too much time to send to the HP system in the conventional manner, using a 9600 baud 
modem. To solve this problem it is necessary to transport all data through an IEEE port, 
which is much faster. U se of this port requires major changes in datamanipulation and data
acquisition programs. The IEEE port is currently being installed. 

B.4 Conclusions 

Although the exact reason why this shift is present in the projection of the peak on the 
collectorplate is unknown, it is possible to correct for this partially by manipulating the data. 
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This improved the energy resolution by a factor 1.6, yielding a FWHM of 72 eV, while the 
useable energy window is increased by a factor 1. 5. Datatransfer has to be govemed by an 
IEEE port, which is currently being installed. 

When a comparison is made between the ERISS and the EARISS, which already has a 2-
dimensional MCA, the energy resolution of the EARISS is still better than that of the ERISS. 
The difference is approximately a factor 1.8. Although the peak shift does improve the 
resolution significantly, it does not solve the problem entirely. The determination of the cause 
of the peak shift is therefore still a matter of concern. 
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Diamond 

C.l Introduetion 

While in many cases matrix effects are not present when performing LEIS, as explained in 
paragraph 2.2, it has been shown that in the case of C these effects are important. The neutra
tization behavior of different types of C, i.e. graphitic, carbidic and diamond, is very different. 
The yield of a monolayer of carbidic carbon on rhenium is orders of magnitudes larger than is 
the case for graphitic carbon [OET94]. Here, the diamond (111) surface has been investigated 
to compare the differences in neutralization and its conneetion to the different bandgaps. 

The diamond surface is a difficult surface to investigate, because it is believed the ion beam 
used in LEIS immediately graphitizes the surface. Furthermore, the diamond surface has to be 
clean. Cleaning the surface often involves difficult and time consuming procedures. The 
surface may be passivated by a monolayer of H, which can be created by pre-treating the 
diamond, as explained in paragraph C.2. It is possible to remove the H layer by heating up the 
sample to approximately 1 000°C in UHV and then perform the LEIS measurements, but care 
should be taken, as the diamond will graphitize completely at temperatures of 1200°C and 
higher. 

The ERISS machine in the group is capable of measuring the diamond surface without the 
difficulty of forming a graphitic layer during measurements. The beam dose per measure
ments may be chosen very small, so that grapitization is very limited and will not influence 
the measurements. It is also possible to heat up the sample to the desired temperature, using 
electron beam heating. 

C.2 Preparation 

Toprepare the diamond surface and clean it thoroughly, two recipes were acquired: 
• The diamond should be hoiled at 150-180°C in an acid mixture consisting of 1 volume part 

of concentrated HN03 pro analysi, 3 volume parts of concentrated HCI p.a. and 4 volume 
parts of H2S04 p.a. for about 30 minutes. The diamond is then washed in demineralized 
water and dried with ethanol [REB94]. 

• The diamond can be polisbed using a mixture of olive-oil and diamond polish paste of 0.25 
J.tm. This should be done on a flat iron plate in the [110] direction, to prevent too much 
damage to the surface structure and diminish defects. After 30 minutes of polishing, the 
diamond can be cleaned by stirring ultrasonically in RBS 25 (standard glass cleaning agent), 
which is gradually being deconcentrated by adding demineralized water. This process may 
take about an hour, until the diamond is in pure water. The diamond may again bedried by 
ethanol [HUI95]. The diamond should now be clean and have a stabie monolayer of H on 
the surface. 
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C.3 Results 

To determine if it is indeed pos~ible to prepare a clean diamond surface and desorb the H 
layer, when heating up to 1000°C, the first measurements were performed in the SPA-LEED 
chamber, which is capable of monitoring the surface periodicity with LEED. The sample can 
be heated to the desired temperature and after cooling down again, a LEED pattem can be 
taken. Temperature was measured using a pyrometer. 
In literature [YAN82], [PAT82], [HAN88] it is known that the H terminated surface on 
diamond (111) yields a 1x1 LEED pattem, the diamond (111) surface itself exhibits a 2x1 
LEED pattem. An amorphous graphite layer will yield no LEED pattem. The monitoring of 
the LEED pattem during the heating process yields information about the state of the surface. 
All measurements discussed in the latter paragraphs, are performed on a large natural dia
mond that was approximately polisbed to yield the ( 111) surface. The diamond was in loan of 
F.J.P. Sellshop ofthe Schonland Research Center for Nuclear Sciences, University ofWitwa
tersrand, Johannesburg, South Africa. 

The first attempt to acquire the 2x 1 LEED pattem, was done after the diamond was etched 
in the acid mixture. A strong 1 x 1 pattem could be recognized, which is an indication of good 
H termination of the surface. Heating the sample and then taking a LEED pattem again, 
yielded a weakening 1x1 pattem, until a temperature of 800°C was reached. At this tempera
ture, the LEED pattem had disappeared. Repeated acid treatments did not have any effect; the 
1 x 1 pattem could not be regained. This effect was not expected, and inconsistent with the 
literature. Apparently, a layer had formed on the surface while H was desorbing, which could 
not be etched away but was amorphous as well. Possibly, an amorphous graphite layer 
prevented the 2x 1 LEED pattem to be seen. 

Because the 1x1 LEED pattem could not be regained, the second recipe was used. lt was 
thought that this recipe removes the amorphous graphite layer, and will yield a H terminated 
surface again. After this treatment, a weak 1x1 LEED pattem was visible. Heating the sample 
in small steps deteriorated the LEED pattem until it was gone. Retreatment, using the second 
recipe, brought back the 1x1 LEED pattem. AES measurements showed that no contaminants 
other than C were present on the surface, strengthening the hypothesis that an amorphous 
graphite layer destroys the LEED pattem. Heating the sample in an oxygen atmosphere could 
remove this C contaminant and leave the H that is present on the surface. Flashheating to 
approximately 500° C in 0 at a pressure of 1x10-6 mbar, foliowed by an annealing step at 
600° C did provide a very strong 1 x 1 LEED pattem. Auger measurements showed no increase 
in 0, while there was no visible change in the C signal. Apparently, there was still enough H 
to yield a 1x1 pattem, but the entire surface was not stable; a short exposure to air deteriora
ted the LEED pattem tremendously. Some sourees [Y AM92] claim that only a 5% coverage 
with H is sufficient to cause a 1x1 pattem on the diamond (111) surface, which would explain 
a 1 x 1 pattem but a surface that is still reactive. 

Although a strong 1 x 1 LEED pattem could be obtained, heating the sample gradually to 
higher temperatures always made the 1x1 pattem fade away till, at a temperature of approxi
mately 800° C, the pattem was gone entirely. Never could the expected 2x1 pattem be seen. 
Because the sample seemed not covered with H entirely, it may be possible that enough of the 
clean diamond surface after 0 treatment was visible to conduct our measurements. Unfortuna
tely this also proved not the case, which ended our attempt to do neutralization measurements 
on diamond at this time. 
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C.4 Conclusions 

To acquire a strong 1x1 LEED pattem, it is best to pretreat the sample, using olive-oil and 
diamond polishing paste. Then heat the sample in an 0 atmosphere to (p=1x10-6 mbar) 500° C 
and execute a final annealing step at 600° C. The sample is then partially covered with Hand 
may be desorbed when temperature is slowly increased. This should yield a 2x1 LEED 
pattem. Desorption may take place in the 800° C to 1000° C region, while care should be 
taken not to exceed 1 000° C since graphitization might occur. 

The reason why our particular diamond seems to graphitize much sooner, is not known. The 
diamond however does have a large miscut A Laue photo proved that the miscut of the ( 111) 
surface was as much as 11 degrees. Literature shows [DER86] that the diamond bulk like 
structure is built up out of layers that are altematingly 0.515 and 1.545 Angstrom apart. A 
miscut of 11 degrees means one step at every 10.6 angstrom, which implies a step at every 4 
C atoms. The surface is therefore no longer the real (111) surface. This is probably the reason 
a 2x 1 pattem was never discemed, because the areas exhibiting this 2x 1 periodicity are very 
small. 

When a diamond is acquired with smaller miscut, the same procedure may be applied again, 
and measurements conceming the neutralization of diamond can be done. 
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Overview of software 

D.l Introduetion 

In this appendix, all programs, (re)written during the graduation project, are listed with a 
short description of their function. In paragraph D.2 the PEP programs are described. Para
graph D.3 deals with the data-manipulation programs written in C. The PEP system used to 
acquire the data, also contains many libraries. For documentational purposes the listings of 
these libraries are also given, along with the proper toading procedure. 

D.2 The PEP system 

D.2.1 Contiguring the PEP system 

To correctly start up the PEP system to acquire 2-dimensional datafiles, the following 
procedure should be followed: 
a) Reset system 
b) At prompt "MPS030>" type "QL MPS:PEP030TL.Q <er>" 
c) Type "RU <er>" 
d) At question "user id?" type "wd <er>" 
e) Type "load ERISSlib <er>" 
f) Type "load dmca <er>" 
g) Type "load mca2 <er>" 
h) Type "load daclib2 <er>" 
i) Type "load comprm68 <er>" 
j) Type "load ieeelib <er>" 
k) Type "load savedata <er>" 
l) Type "get ERISS3 <er>" 

After this, the PEP system contains all necessary libraries and the actual measuring program 
to perform LEIS and XPS measurements. 

D.2.2 Description PEP programs and libraries 

ERISSLIB: 

DM CA: 

This library contains procedures necessary for transferring information to 
and from the different devices. 
This library contains all procedures needed for manipulation of the 
MCA. 
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MCA2: 

DACLill2: 

COMPRM68: 

IEEELill: 

SAVEDATA 

ERISS3: 

This library contains the procedures needed to read out the 2-dimensional 
MCA and put it in an array in PEP memory. 
This library contains the procedures which manipulate the 
acceleration/deceleration voltages V2 and V3 through the 12 bit DAC. 
This library contains the procedure to compress the data of a 1024x512 
array into a 256x128 array. lt is compiled from the PEP program JUR
COMPR. 
This library holds all addresses and assembler language procedures to 
manipulate the IEEE port and set it up for datatransfer. 
This library contains the process and procedures needed to transfer a 
data-array (1968 datapoints) through the IEEE port, when requested from 
the main program. 
This program performs the actual measurements. The TopMenu program 
active on the HP system transfers all relevant measurement data over to 
the PEP system. These data include: measuring time, starting value of the 
acceleration/deceleration potential, step size of this potential, number of 
steps, if the measurement is an XPS or LEIS measurement, the XPS 
filament used (if applicable) and the pass energy. The program will 
change the acceleration/deceleration potential while activating or 
deactivating MCA and scalers. Data is stored in an array which is trans
ported through the IEEE port to the HP system where datamanipulation 
takes place. 

The listings of these programs are available in the documentation map ofthe ERISS. 

D.3 Datamanipulation programs 

To manipulate the data extracted from the 2-Dimensional MCA, like shifting, integrating, 
etc. several new datamanipulation programs had to be written and others changed accordin
gly. Most ofthe programs were written in C and their souree codes are present on the ERISS 
HP system. Some of the programs are simple UNIX scripts. A short description of the pro
grams is given here. 

mps030 

menu 

massage2d 

awk2d.scr 

Shift 
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Opens a hpterm and connects to the Phybus system on 
the ERISS. 
Opens a hpterm and starts up the TopMenu measuring 
program for the ERISS 
Script to convert the 2d datafiles, generated by the 2d 
MCA and sent by the Phybus system, into xmgr or 
Mplot readable files. Several datamanipulations are 
executed. 
Script to ignore the first 8 lines of every datafile, after 
which datamanipulation will be executed. 
Program to shift the data from the 2d MCA. It will ge
nerate an outputfile of the same format as the inputfile. 

, The projection of electrondouds on the collectorplate is 
translated over 12.53 energy channels and at an angle 



Integrate 

Calibr2dleis 

Conver2d 

Calibr2dxps 

Aspectrum 

Espeetrum 

EAspectrum 

tempmas 

calibration2d.dat 

sensitivity2d.dat 
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of 1. 82 radians. 
Program to integrate the shifted file over all (128) azi
muth channels to generate an energy spectrum. 
Program to convert energy channels to actual ion 
energy. This program needs the datafiles 'calibration-
2d.dat' and 'sensitivity.dat'. 
Program to convert the calibrated file into a Mplot rea
dable file. Mplot requires exactly than 512 datapoints 
with integer values. Energy values are rearranged into 
512 datapoints and counts are multiplied by 1 00. 
Program to convert energy channels to actual electron 
energy. 
lntegrates a 2d datafile over all energy channels to ge
nerate an azimuth spectrum. Caution: the inputfile 
should be stripped of all strings and consist of 128 ti
mes 256 energy data channel points. 
Integrates a 2d datafile over all azimuth channels to 
generate an energy spectrum. Caution: the inputfile 
should be stripped of all strings and consist of 128 ti
mes 256 energy data channel points. 
Selects 7 azimuth channels ( corresponding to 45, 90, 
135, 180, 225, 270 and 315 degrees) and gives the ener
gy spectrum at this azimuth. The format is therefore 7 
rows of 256 datapoints. Caution: the inputfile should be 
stripped of all strings and consist of 128 times 256 
energy channel data points. 
Script to convert a n.Z datafile to a sorted file that can 
be read by xmgr. It is essentially the same as massage, 
but does not convert the file to a Mplotreadable file. 
Contains the data needed to calibrate a LEIS datafile 
from energy channels to energy. The data consists of 
the Reference Channel, Lowest Allowable Channel, 
Highest Allowable Channel, aO, al, a2, a3, a4, a5 (po
lynomial fitting parameters). 
Contains the data needed to take the sensitivity of the 
channelplate/energy channels into account. 
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