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Other sUlface spectroscopies commonly used for research at polymers and catalysts 
include X-ray Photoelectron Spectroscopy (XPS) and Secondary Ion Mass Spectroscopy 
(SIMS). A short description of the merlts and demerits of these techniques, compared with 
LEIS, will be given in Appendix C. 

Modem sUlface science only became possible by the development of advanced vacuum 
techniques (Ultra High Vacuum (UHV) is available since the late 1960's). The need for an 
UHV environment during surface-specific experiments can be .exemplified by the follo
wing arguments: 
- The frrst motivation is related to the contamination of the surface by residual gas atoms. 
From the kinetic theory of gases the time needed to form a single monolayer on top of the 
examined surface can be calculated; When the sticking coefficient is equal to one this 
takes only 1 second at an ambient pressure of 10·6 mbar. Only pressures better than 
10·9 mbar guarantee reasonable measuring conditions (> 1000 s). 
- The second motivation concerns the mean free path of the used particles. At a gas 
pressure of 1 mbar the mean free path is less than 1 mm. Scattering of the particles with 
residual gas atoms becomes negligibly small for pressures better than 10·6 mbar. 

Common cleaning methods to obtain well-defined clean surfaces include: 
- Heating of the sample (annealing) 
Heating of the sample in UHV removes adsorbates like water, hydrogen or carbon 
monoxide. Carbon adsorbed on metal surfaces may be removed by heating the sample in 
an oxygen environment. Contamination of the surface with oxygen may be removed by 
heating the sample in a hydrogen environment. 
-Ion bombardment (sputtering) 
Ion bombardment may be used to peel off the outermost atomie layers of a solid. The 
sputteryield (the number of sputtered atoms per incident ion) depends on the energy and 
mass of the used (noble) gas ions. Sputtering damages the outermost layers and contami
nates it with noble gas atoms. Successive annealing of the surface reeovers the surface 
structure and evaporates the stored noble gas atoms. When necessary this cleaning process 
may be repeated. Sputtering may also be used for depth profiling. 
Some sputteryields for various polycrystalline metals are shown in table 1.1: 

Helium Neon Argon 

Carbon 0.07 - 0.12 

Copper 0.24 1.8 2.4 

Palladium 0.13 1.2 2.1 

Platinum 0.03 0.6 1.4 

Table 1.1: Sputter yields in different atomlion combinations (Kinetic energy ions: 500 eV) [Cza75] 

The sputteryield ratio between He and Ne can be deduced from table 1.1 and varles from 
5 to 10. This ratio is important for measurements at radiation sensitive samples like 
polymers and catalysts (see chapter 5). 
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2 LEIS Theory 
Low Energy Ion Scattering (LEIS), also known as Ion Scattering Spectroscopy (ISS), is a 
unique surface analytical technique used to determine the composition and structure of the 
outermost atomie layer of a solid surface. 
In a LEIS experiment (inert gas) ions with a fiXed energy between 0.5-10 keV are directed 
onto a target. At the surface the ions undergo a 'billiard hall' type collison with the 
surface atoms. The energy transferred to a surface atom depends on the scattering angle 
and the mass ratio of the ion and the surface atom. The ion mass and the scattering angle 
are flxed and known from the experimental setup. The mass of the involved surface atom 
can be deduced by measuring the final energy of the ion after collision. A more detailed 
description of the scattering process is given in § 2.1. An example of a LEIS spectrum is 
the subject of § 2.2. Most ions will be neutralised during the scattering process due to the 
high electron affinity of the noble gas ions. In § 2.3 it will be shown that this leads to a 
negligible contribution of ions scattered at deeper layers. The possibilities of LEIS for 
surface structure analysis will be discussed in § 2.4. 
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2.1 The scattering process (the binary collision model) 

The final energy of an ion after a collision <Er) can be calculated by using the binary 
collision model. This model is based on the classical laws of conservalion of energy and 
momenturn and can be compared with a 'classica!' billiard ball type collision. The 
following assumptions are made: 
• Diffraction effects can be neglected because the interatomie distances (typically: 
2·10-10m) are much larger than the 'de Broglie' wavelengtbs of the ions (For 1 keV neon 
ions the 'de Broglie' wavelength is 2•10-13m). 
• The repulsive potenrial is only comparable to the energy of the incident ions at very 
short distances. Because the distance of ciosest approach is in the order of 10-11 m the 
scattering process may be approximated by a two body collision. 
• The inelastic energy loss due to electrooie excitation of atom and/or ion is neglected. 
• Even for low energy ions (1 keV) the attractive potenrial is negligible (1 eV) 
• The target atom is at rest during the collision because the interaction time (-10-16s) is 
much smaller than the vibration time of the surface atoms (-10-13s). 

Figure 2.1.1: Schematic representation of the scattering proces [Ack.90] 

U sing those assumptions the following expres si on for the final energy of the scattered ions 
may be obtained [Bro92]; 

E = E. (cos 8+V q 2
-sin

28]
2 

'/ i l+q 

(2.1) 

where q is the mass ratio: m.1001 /mion (see figure 2.1) 

Note that backward scattering is only possible for q> 1, and therefore only surface atoms 
can be detected which are heavier than the projectile. The final energy of the scattered ions 
increases with the mass of the target atom. Thus the measured energy spectrum represents 
a mass spectrum of the atoms in the outermost layer. 
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2.2 LEIS spectrum 

In a LEIS experiment the intensity of the backscattered ions is measured as function of the 
final energy at a fixed scattering angle. In figure 2.2 a typical LEIS spectrum is shown. 

800.0 r----r---,----...-----,------.---~------.----, 
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} 
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Figure 2.2.1: A LEIS spectrum of a pure Copper target obtained using 3 keV 21JNe• ions 

1500.0 

The peak results from scattering of the incident ions from copper atoms present at the 
surface. The broadening of the surface peak may be caused by: 
• The (experimental) spread in the incident ion energy and the scattering angle. 
• An inelastic energy loss caused by electrooie excitation of the atom and/or ion. 
• The finite analyser energy resolution. 

Whether two elements (masses M and M+BM) can be separated in a LEIS spectrum 
depends on the scattering angle 8, the mass ratio q and the widths of both peaks. 
Hellings [Hel86] bas. shown that an optimum mass resolution is obtained for relatively 
large scattering angles (9> 135°) and small (but not extremely small) values of the mass 
ratio q. 
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2.3 Quantification 

The main goal of a LEIS experiment is the determination of the chemica! composition of 
the outermost atomie layer. Therefore the relation between the measured intensity of ions 
scattered at element i (Si) and the associated number of atoms of element i in the 
outermost atomie layer (N J has to be known. Si may be expressed as: 

S = I · ( da ) · P + 1 • c • N1 (2.2) 
I t dO 

l 

where It is the incident ion flux, (da/d!l)i the differential cross section, p+i the ion fraction, 
c is a experimental constant and Ni the number of atoms of element i in the outermost 
atomie layer. The differential cross section is defmed as the fraction of the incident ions 
scattered into a unit solid angle at a given direction. This cross section can be calculated 
when the interaction potential is known. For LEIS a screened Coulomb potential (the 
Molière approximation to the Thomas-Fermi potential) is used. The differential cross 
section increases with increasing mass of the target atom and decreases with increasing 
primary energy of the ion. The ion fraction is defined as the number of ions divided by the 
total number of particles after scattering (usually, in a LEIS experiment: p+<t %). The large 
neutralisation probability is caused by the high electron affinity of the used noble gas ions. 
This results in a negligible contribution of ions scattered from deeper layers because of the 
longer interaction time. The unique surface sensitivity has been shown by Brongersma and 
Mul [Bro72]. The basic mechanisms for neutralisation were fust described by Hagstrum 
[Hag54]. Since the exact neutralisation behaviour of the ions is still not well understood 
direct quantification of LEIS signals proceeds through calibration with samples of pure 
elements: 

(2.3) 

where Ne is the known · surface concentration of element i in the calibration sample and Si 
the measured ion intensity for the calibration sample. The calibration method is valid when 
the ion yield does notdepend on the chemica! environment of the surface atoms ('matrix
effect'). 
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2.4 Surface structure analysis 

Besides the compositional analysis of surfaces LEIS can also be used for structure analysis 
of surfaces. Since the ERISS bas not been designed for doing surface structure analysis we 
only very briefly outline tbe procedure bere. 
When an ion is scattered from an atom, tbere is a region bebind tbe atom wbere no ions 
can penetrate (see tigure 2.4.1). This region is called the sbadow cone of tbe atom. 

(dl THOMAS-FERMI-MOLIÈRE POTENTlAL 

Figure 2.4.1: Trajectoriesof He+ ions scattered l7y Ti calculated l7y assuming a Thomas-Fermi-Molière potential 
[Aon84] 

Atoms lying in sucb a sbadow cone cannot contribute to the scattering. This is called 
shadowing (see tigure 2.4.2'). In case of blocking, ions in tbe frrst atomie layer block ions 
scattered from the second layer (tigure 2.4.2b) 

Shadowing 
a 

Blocking b 

Figure 2.4.2: Schematic representation of shadowing (a) and blocking (b) effects 

Structural information can be deduced from tbe directions in wbicb an enbanced or 
diminisbed ion yield is found due to shadowing or blocking effects. 
Two aspects of the surface structure may be adressed: 

• The lateral structure of the outermost atomie layer. 
• The relative perpendicular positions of tbe atoms in tbe frrst layer witb respect to tbe 

atomie positions in the second layer. 



3 Energy analysers used in LEIS 
measurements 
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A general experimental setup for LEIS measurements requires basically only four 
components: an ion source, a target, an energy analyser and a detector to determine the 
kinetic energy of the scattered ions. As described in chapter 2 the kinetic energy contains 
the information about the surface atom from which the ion bas been scattered. Two 
commonly used methods to measure the kinetic energy of the ions after scattering are 
described below: 

3.1 Electrostatic analysers 

In an electrostatic analyser the energy of the scattered ions is analysed by deflecting the 
ions by means of an electrostatic field. The amount of deflection depends on the energy of 
the ions and the electrical field strength. Only ions with a kinetic energy equal to the 
'pass-energy' of the electrostatic analyser may pass the analyserand reach the detector. An 
energy spectrum is obtained by counting the number of detected ions as function of the 
deflection voltage. Many different kinds of electrostatic analysers have been reported in the 
literature. The most widely used are the hemispherical analyser (HSA) and the cylindrical 
mirror analyser (CMA). 
Due to its high energy resolution the HSA (see tigure 3.1.1) is the most widely used type 
of analyser for XPS measurements (see Appendix C.l). The relatively low sensitivity is 
however a minus point. For surface atomie structure analysis the azimuthal distribution of 
the scattered ions bas to be known. In a HSA the azimuthal distribution may be obtained 
by simply rotating the sample. 
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Figure 3.1.1: The hemispherical analyser (HSA) [Ack90] 
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The CMA bas a higher sensitivity due to its full azimuthal acceptance (see figure 3.1.2). 
The relative high efficiency permits lower ion dose on the target and thus less damage. A 
CMA can also be used for azimuthally resolved measurements, if the azimuths can be 
selected one at a time. A CMA is also used in two LEIS-setups used in the Eindhoven 
surface science group: NODUS1 and MINIMOBIS2

: 
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Figure 3.1.2: Cylindrical Mirror Analyser (CMA) [Ack90] 

Both analysers need many measurements to determine the azimuthal distribution of the 
backscattered ions. Also the energy spectrum must be build up by a serie of measurements. 
Moreover the use of inert-gas ions and the detection of only ionised particles requires a 
high primary ion flux due to the low ion fraction after scattering ( <1% ). Especially in the 
case of radiation sensitive samples (polymers and catalysts) the resulting ion doses are 
unacceptably high. 

1 NODUS ='Non Destruclive Ultra Sensitive' [Bro78] 
2 MINIMOBIS = 'MINI Modular Backscattering Ion Spectroscopy' 



10 

Energy and Azimuthal Resolved Ion Scattering Spectrometer (EARISS) 
An analyser capable of doing energy and azimuthal measurements simultaneously is the 
EARISS analyser developed by Hellings et.al. [Hel85]. This double toroidal electrostatic 
analyser conserves the azimuthal information of the scattered ions while the energy 
distribution is imaged in the radial direction; 
High energetic ions will leave the last set of deflection plates near the central axis of the 
analyser (see figure 3.1.3). Ions with a lower energy leave the analyserat a larger distance 
to the central axis. In this way the EARISS analyser measures an energy window of 10% 
of the pass energy. A two-dimensional detector is used to determine simultaneously the 
energy and azimuthof the scattered ions. 

Figure 3.13: EARJSS analyser [Ack90] 

[i] ion Jouree 

I mau filter 

6 9 azimuth selector 

...Jr-

The EARISS analyser bas a scattering angle of 145° to garantee a good mass resolution 
(see § 2.2). Since the EARISS apparatus measures an energy window instead of one single 
pass energy this leads to an efficiency increase of a factor 100 comparable to conventional 
analysers (CMA; NODUS, MINIMOBIS). 
The new LEIS apparatus 'ERISS' is based on the same kind of analyser. 
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3.2 Time-Of-Fiight (TOF) analysers 

In this type of analysers the energy of the backscattered ions is deduced from the time the 
secondary particles need to travel a known distance. A fixed starting point is obtained by 
chopping the ion beam into ion 'bunches' with a small time width (see figure 3.2.1). The 
'fmish-line' of the traject is formed by a detector which detects both ions & neutralised 
particles. 

chopper 
....._ diaphragm 

I . . =.· 
;··---... ________ /-::~--·. 

I 
.......... :~ .............. , 

::::::::: ~::: ~::: ~:::: :j::::::::: ~:)::: ~: ~::::::: 
target 

Figure 3.2.1: Schematic representation of a time-of-jlight (TOF) experiment 

A specialisation of TOF is direct recoil speetrometry (DRS). In DRS the ion beam is 
directed at a grazing angle of incidence with respect to the surface (see figure 3.2.1). In 
this way the ion beam may knock-off (light) atoms or ions from the surface. DRS is 
especially useful for the detection of contaminations (including hydrogen) on the surface. 
The 'low-yield' problem appears to be solved by the use of a TOF analyser. However, 
including neutralised particles abandons the most important advantage of LEIS: the 
outermost atomie layer sensitivity. 
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4 ERISS (experimental setup) 
In 1992 the surface science group in Eindhoven started the development of a new LEIS 
apparatus: the ERISS. The main research domains of the ERISS apparatus are targets 
which have a high sensitivity to ion irridiation, e.g. polymers and catalysts. Conventional 
equipment (CMA/HSA) has not been capable of doing non-destructive measurements on 
these fragile surfaces. 
To obtain the necessary high sensitivity the analyser of the ERISS is based on the 
EARISS analyser which has been able to do low ion dose measurements, as shown by 
Bergmans et.al [Ber92]. Since the ERISS analyser has a larger maximum acceptance 
angle, an even higher sensitivity than the EARISS is expected. Originally the EARISS was 
designed for structural measurements on single crystal surfaces, by measuring simul
taneously both the azimuth and the energy of the backscattered ions. Since the intended 
targets for the ERISS do not yield relevant azimuthal information in the intensity of the 
backscattered ions, the signal in the ERISS is integrated over all azimuths to obtain 
maximum sensitivity in the energy spectrum. 
In addition, the ERISS is equipped with a computer-controlled manipulator for scanning 
the sample under the ion beam during a measurement, which reduces the ion dose even 
more. Since polymers and catalysts are in general poor conductors the ERISS contains an 
electron neutraliser to compensate charging of the samples by the positive ion beam. 
For calibration purposes it is desirabie to be able to investigate and compare many 
different targets. Therefore the ERISS manipulator may hold 7 different samples, while via 
a fast entry loadlock samples can be introduced in the main chamber without breaking the 
vacuum conditions. In the loadlock the samples can also be pretreated (e.g. heating, gas 
treatment). 
This chapter starts with a description of the peripheral equipment (§ 4.1: Vacuum system, 
§ 4.2 Sample loading and handling, § 4.3 Gas handling system). § 4.4 contains the 
generation of the well-defined primary ion beam. The essential electron neutraliser is 
discussed in § 4.5. § 4.6 and § 4.7 deal with the energy analyserand the two-dimensional 
detector respectively. The chapter is completed with a description of the processing of the 
detector signals (§ 4.9). 
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4.1 Vacuum system 

The UHV system can be divided in three parts: the main chamber, the ion source, and the 
preparation/loading (P&L) chamber. A side-view of the system is shown in figure 4.1.1: 

0.25cm 

Z-axis 

X-axis 

0 (9) 

(4) 

Figure 4.1.1: Side-view view of the ER/SS apparatus 

The P&L chamber and the main chamber are separated by a manually operated valve (1). 
The ion souree and the main chamber are interconnected by a high resistance aperture (2) 
(0.1 Vs), which is an integral part of the ion source. 
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The main chamber is pumped by a 300 Vs turbo molecular pump1 (3) and a titanium 
sublimation pump2 (4) surrounded by liquid-nitrogen (LN2)-cooled cryogenic panels. The 
ion souree is differentially pumped by a 50 Vs turbo molecular pump3 (5). The P&L 
chamber is also pumped by a 50 Vs turbo molecular pump3 (6). 
The UHV system is made of stainless steel and the flanges are sealed with copper gaskets. 
A double p-metal shield placed inside the main chamber minimizes the magnetic fields. 
After exposure to air the system is routinely baked at -150°C for at least 24 h. In the main 
chamber a pressure of 2·10-10 mbar bas been reached. A quadrupale mass spectrometer4 

(7) (QMS) monitors the partial pressures of residual gases in the main chamber. Due to the 
differential pumping of the ion-source, the pressure during operation of the ion source, is 
typically in the 10"9 mbar region. 

1 Balzers TPH450H 
2 Leybold-Heraeus Vl50-2 
3 Leybold-Heraeus turbovac 50 
4 Spectra Vacscan 
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4.2 Sample loading and handling 

Via the Preparation & Loading (P&L) chamber the samples can be inserted (8) without 
distorhing the UHV in themainchamber (see figure 4.2.1). 

(9) 

Figure 4.2.1: Generallayout of the main chamber and preparationlloading chamber 

I t's possible to use a· vacuum soitcase for loading upto 7 samples. The samples are 
mounted on special bolders which may be attached to a magnetically coupled transfer rod 
(9). In the P&L chamber the samples may be placed on a hearing facility and exposed to 
gases at pressores upto 1 atm. 
After pretreatment, the P&L chamber is pumped down to a pressure of -10·6 mbar within 
15 minutes before the valve to the main chamber may be opened. The sample bolders can 
be inserted into the manipulator (10) of the main chamber. A fitting mechanism at the 
front of the rod allows for quick attachment of the holder to the rod and easy release once 
the holder is inserted into the manipulator. Attachment and release is simply achieved by 
clockwise and anticlockwise rotation of the rod. 
The manipulator may hold seven sample bolders in order to facilitate a fast change of 
samples (especially useful for calibration purposes). It allows three orthogonal translations 
and is rotatable about the y-axis. The range of the manipulator in y-direction is 20 cm, for 
the x- and z-directions this is about 1.5 cm. Three computer-controlled steppermotors are 
used to move the manipulator. Each separate sample position can be heated by a resistively 
heated tantalum spiraL Temperatures of the samples may be measured with an infrared 
pyrometer. The possibility to scan the sample onder the ion beam is of vital importance 
when measuring radiation-sensitive samples like catalysts and polymers. 
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4.3 Gas handling system 

For the admission of the used gases (noble gases for the ion souree or others for the 
preparation chamber) a gas handling system as shown in figure 4.3.1 is used: 

According to DIN28401 

Figure 4.3.1: Gas handling system ER/SS 

The piping system can be evacuated to a pressure of typically 10·3 mbar by a rotary pump. 
The 3He gas bottie is situated as near as possible to the leak valve of the ion souree to 
reduce wasting of the expensive 3He gas. 
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4.4 Primary Ion Beam 

The noble gas ions are produced in an ion souree and directed onto the target via a system 
of electrostatic lenses and deflection plates (see figure 4.4.1). A Wien type mass filter is 
positioned in the primary beam so that ions of the desired mass can reach the target. 

Ion Souree 

Wien Filter 

Deflection plates 

Einzellenses 

Deflection plates 
.-...- ...._ - - --

target 

Figure 4.4.1: Primary ion beam (between the dashed lines the energy ana/yser is situated) 
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4.4.1 Ion souree 
The (noble) gas ions are produced in a thermal emitter type ion source1 (see figure 4.4.2): 

(3) 

Figure 4.4.2: Ion souree (detail) 

. 
I 
I 
I 

I I 
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I I 
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I 
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Electroos from a circular thoriated iridium filament (1) are accelerated to a grid (2) 
through about 100 V, and ionise gas molecules present in the fllament/grid volume. The 
anode and a surrounding electron repeller electrode (3) are both shaped to allow electroos 
to pass through the volume many times, thus increasing the ionisation probability. 
The positive ions are extracted out of the ionisation chamber by an extraction voltage (4) 
(-150 V) and then accelerated to the chosen final energy between 0.5 and 5 keV. A single 
element lens (5) focuses the ion beam downtoa diameter of about 0.1 mm. An aperture of 
1 mm (6) blocks 85% of the extracted ions. The small conductivity of the aperture (0.1 Vs) 
results in a pressure drop of 3-4 orders of magnitude between the main chamber and the 
ion source. The ion souree also contains two tubular ion lenses and a set of deflector plates 
(see figure 4.4.3). 

Figure 4.4.3: Ion souree [Riv90] 

1 Leybold-Heraeus /QE-12/38 
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The gas is introduced into the ion souree via an adjustable leak valve. The operating gas 
pressure ranges from 10-6 mbar to max. 10-3 mbar. The souree is differentially pumped (7) 
to rnaintaio a 10-9 mbar range pressure in the main chamber durlog operation of the ion 
source. 

4.4.2 Wien mass filter 
In the Wien type mass filter a crossed magnetic/electrostatic (ExB) field ensures that only 
ions with the desired mass over charge ratio cao reach the target. The Wien filter contains 
also a neutrals stop to reduce surface contaminations and surface damage indoeed by the 
ion source. Two different magnets cao be used in the mass filter (0.12 Tor 0.46 T). The 
permanent magnet must be removed before bake-out. 

4.4.3 Beam alignment 
To obtain a well-defined primary ion beam the ions are focused by two Einzel lenses (see 
figure 4.4.1). Forslight adjustments of the ion beam two sets of deflection plates are used. 
The last set of deflection plates is located -5 cm above the sample and will be used in the 
near future in a Beam Proflle Analyser [Mie94]. The diameter of a focused ion beam is in 
the order of 1 mm (spot at sample). The ion souree is capable of generating a current of 
0.5 pA. Slnce the sample cao be scanned onder the ion beam an additional sputter gun, to 
clean the samples, is oot needed. The ion beam current is measured by a current meter 
capable of measuring currents between 1 pA and 3 pA. For exact ion current 
measurements the target has to be put to a potenrial of about +60 V to prevent the 
emission of secondary electroos (provision in beam current meter). 
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4.5 Neutraliser 

Charging of insuiaring samples by the primary ion beam is undesirable since this leads to 
energy shifts and broadening of the surface peaks; A positive surface potential decelerates 
the primary ions before they hit the surface. Secondary ions, scattered at the surface are 
accelerated by the positive surface potential. In case of no neutralisation the sample may 
charge up to the primary ion potential. All ions will be reflected by the charged sample 
without reaching the surface; The reflected ions undergo no energy loss and thus maintain 
their primary ion energy. This leads to a sharp peak which includes no information about 
the surface composition but can be used to determine the analyser&electronics resolution 
(see § 5.1). In the ERISS an electron flood souree (neutraliser) is used to keep the surface 
potential at ground (see figure 4.5.1); 

. 
0 I 
0 I .. 

0 I . ' . .. 
•' ,. ·. " 

Figure 4.5.1: The electronflood souree arrangement 

This neutraliser consists of a circular filament (1), a grounded screening electrode (2) and 
an electron repeller electrode (3). The filament is heated by a current supplied by a current 
souree (typical: 1 A). The electrons are extracted out of the filament by the grounded 
electrode due to the negative potential of the filament (provided by the current supply of 
the filament). To improve the neutraliser's efficiency the electron repeller electrode directs 
the electrons to the target. The grounded screening electrode shields the sample from the 
filament, avoiding direct sample contamination and heating. To reduce heating of the 
neutralisera massive copper ring connects the neutraliser to the main chamber. 
The kinetic energy of electrons reaching the surface is generally of the order of 10 eV. 
Since the secondary electron emission coefficient for almost all matenals is less than unity 
at energies below 50 eV [Hac59] the sample will charge negatively. 
Calibration of the electron flood is done with help of the sputter peak in the LEIS
spectrum. This sputter peak results from low energetic ions spottered by the primary ion 
beam and should have a sharp cutoff at 0 eV. In case of charging of the sample this peak 
shifts to higher energies in the LEIS spectrum. Sufficient neutralisation results in a sharp 
sputter peak startingat 0 eV (can be checked by comparing toa metal surface). 
The neutraliser bas succesfully been used to measure at insulating matenals as Kapton and 
powdered catalysts (see Chapter 5). Typically the electron current needs to be 10 times the 
ion current 
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4.6 Toroirlal electrostatic analyser 

As discussed before, extremely low primary ion beam current densities are essential to 
assure negligible surface damage. Because only 0.1% of the incoming ions is not 
neutralised after scattering a very efficient operation of the analyser is necessary. The 
double toroidal analyser designed by Hellings et al. [Hel85] is capable of imaging the 
energy of the scattered ions onto the front surface of the detector, while the angular 
momenturn of the ions is conserved (see § 3.1). This eliminates the need for composing 
the energy spectrum out of a large number of separate energy measurements. The principle 
of operation is illustrated in tigure 4.6.1, which shows a cross section of the analyser: 

ion souree l'''jl 
I I mass filter 

detector 
, .. 

channelplates .. l 

analyser 

neutraliser ··········• 

target 
I .,.""" 

~·-· 

' ' ' 

Figure 4.6.1: Schematic cross section of the ER/SS analyser 
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lons which are scattered through 145° are accepted by the slits of the energy analyser. Ions 
with a low energy are deflected more by the electrostatic field in both sections of the 
analyser and will be projected at a large radius whereas ions with a high energy are 
projected near the central axis. Thus a radial energy image is obtained at the detector. 
The energy of the ions which follow the central path of the analyser is called the pass-
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energy of the analyser. This pass energy depends only on the voltage applied to the 
separate electrodes of the analyser (see tigure 4.6.3) and not on the final energy of the 
scattered ions. Only ions with an energy between 0.95*Epass and 1.05*Epass will be 
projected on the detector, resulting in a detected energy window of 10% of the pass 
energy. By lowering the pass energy the energy resolution of the analyser&detector can be 
improved. For low damage conditions a broad energy window (high pass energy) is 
desirable. The resulting energy window is however a limited part of the total energy 
spectrum. To be able to scan the whole energy spectrum over the selected energy window 
the ions must be accelerated. This is done by the electrostatic zoomlens in front of the 
analyser. 
This zoomlens consists of five elements of which the voltage on the fourth element defines 
the change in energy of the ion. The fifth element has the same potenrial as the fourth to 
reduce fringing tields at the entrance of the analyser (see tigure 4.6.1). To shield the ions 
on their way to the target/analyser from the tields in the zoomlens the frrst element is 
grounded. The second and the third may be used to focus the ion beam on the analyser 
en trance. 
A special feature of the analyser form the variabie slits (see tig 4.6.2). These are placed in 
front of the zoomlens to limit the possible range of angles through which the detected ions 
can be scattered. When the slits are almost closed the spread in scattering angle is small 
and consequently the energy resolution high. At the maximum opening (2*3mm) the 
resolution is worse but the signal high (favourable for low damage conditions). The 
principle of operation is given schematically in tigure 4.6.2 . 
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Figure 4.6.2: Principle of operation of the variabie slits [Ack90] 

The two inner rings are tixed to the analyser. By moving the two outer rings, separate, 
upward or downward the effective widths can be varied. At the maximum opening the 
optica! angle of the slits is 9.3°. The solid angle seen from a small spot on the sample in 
case of the maximum opening of both slits is about 0.4 sr. 
Slits opening 10/10 means that the slits are completely (100%) opened. When both slits are 
50% opened the slits opening is 5/5. 



V3 

I lOnF 

tv 
~ 



24 

4. 7 Two-dimensional position sensitive detector 

The toroidal electrostatic analyser, as described in the previous section, produces a radial 
energy image of the backscattered ions (see figure 4.7.1). After leaving the analyser the 
ions impinge on the front surface of a stack of three microchannel plates (1) (MCP's). 
These MCP's convert the single ion into a cloud of electroos without losing its positional 
information. The emerging charge cloud is accelerated to a position sensitive collector (2) 
which consists of two sets of conducting electrodes. The charge collected by one set of 
electroeles is proportional with the (impact) radius. The charge collected by the other set is 
a measure of the angular coordinate. These separate charges are detected with use of 
charge sensitive amplifiers. 
Due to the statistica! nature of the multiplication process there is a varlation in gain of the 
MCP's. Therefore the signals from the collector plate are normalized to the total charge in 
the electron cloud. A measure for the total charge is obtained from the pulses that occur in 
the power supply wires of the last MCP at the moment that the electron cloud leaves the 
plate. 

Figure 4.7.1: Two-dimensional position sensitive detector 
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4.7.1 Microchannel plates (MCP's) 

In the ERISS a high-gain configuration of 3 microchannel plates1 is used to amplify the 
incoming ions (In the EARISS 2 MCP's were used). The frrst two MCP's are mounted in 
a so-called Chevron (see Appendix A.4.2) setup to reduce ionic feedback (see Appendix 
A.4.1). MCP3 has channels perpendicular to the surface (see figure 4.7.2). The front 
surface of MCP1 coincides with the flat focal plane of the analyser: it covers a 320° ring 
segment having inner and outer radii of 11.5 and 21 mm. A hole in the center of the MCP
stack is necessary to allow the passage of the primary beam. The azimuthal range is 
limited to 320° for technica! reasons. 
MCP1 is biased with 625 Volt, the two last MCP's each with 830 Volt. To reduce the 
spread of the electron cloud between the MCP's the interplate gaps are biased with 100 
Volt. The electrical contacts to the NiCr coated surfaces of the MCP's are provided by 
Kapton foils, which are coated on both sides with gold lines. The total thickness of a foil 
is 100 pm and determines the distance between the MCP's. 
The skimmer in front of the MCP stack ((3) figure 4.7.1) is set at a positive potentlal of 
roughly 50 Volt to remove undesirable secondary electroos generated by ions hitting the 
skimmer. 

'J·.·.·.·.·.·.· .. :.:.:.:.:.:.:.:.:.:.:.:.:.: .... ·.·.·.·.·······: ... :.: ..... :.:Ij Jf .... , .. ,., ... _... .... ., ... , .. ,." ... ..,,1,'i 
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Figure 4.7.2: MCP setup 
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The ions leave the analyser at different angles. lons with an energy of 0.95*Epass will be 
detected at the outside of MCPl, at an angle of -12° with respect to the surface normal 
(see figure 4.7.3). High energetic ions (l.OS*Epass) will be less deflected by the 
electrostatic analyser and reach MCPl at an angle of +6°: 

21mm 

10.5mm 

primary ion beam 

Figure 4.7.3: Trajectories ions /eaving the analyser 

Since the detection sensitivity of a MCP depends on the impact angle (see Appendix A.S) 
this results in an inhomogeneity of the detection sensitivity on the surface. In the ERISS 
the channels of MCPl are set at an angle of 13° to the surface normaL The resulting 
detection sensitivity as a function of the impact position is shown in figure 4.7.4: 
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Figure 4.7.4: Detector sensitivity (MCPJ channels 13oJ 
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In the area that is effectively used, the efficiency is expected to be homogeneous within 
10%1 

• The perfonnance tests (§ 5.1) showed that the total amount of counts in a peak is 
constant when a surface peak is scanned across the detecto:i. 

The total charge of an electron cloud emerging from the last MCP varles from pulse to 
pulse due to the statistica! nature of the amplification process. A metbod to detennine the 
total-charge of the electron cloud is developed by Knibbeler [Kni83]; He utilizes the fact 
that effectively all charge originates from the last MCP. When an electron cloud is 
produced in MCP3 a pulse is generated on its power supply lines. The sum of the pulses 
on the front and backside of the MCP3 equals the total-charge signal within I%. The 
measured average output charge per impinging ion is typically 3 pC which corresponds to 
a multiplication factor in the order of -107

• A typical pulse height distribution is shown in 
figure 4.7.5: 

2000.0 

# 

1000.0 

kanaal 196 

0.0 L__L_ __ _._ _____ L..,___~~~--------l 

0.0 1000.0 2000.0 
MCA kanaal 

Figure 4.7.5: Pulse Height Distribution ER/SS MCP-setup 

The observed gaussian pulse shape indicates that the third MCP operates in space charge 
saturation (Appendix A.3.1), which is a major improverneut with respect to the EARISS 
setup. 

1/n the EARISS the first MCP had channels set perpendicular to the surface. This setup showed a dip in the 
sensitivity where the ions can penetrate deep into the channels before producing the first secondary e/ectrons. 

2/n the EARl SS (MCP I channels perpendicu/ar to the surface) the amount of counts aftered when scanning a 
peak across the detector. 
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The last MCP bas channels set perpendicular to the surface to avoid a S-shape distonion of 
the radial energy image on the collector. In the previous EARlSS-design the last MCP 
consisted of channels set at an angle of 13° to the surface. This caused a displacement of 
the image on the collector plate (see tigure 4.7.6): 

. 
·· . 

............... 
..................... _. __ _ 

Figure 4.7.6: Displacement collectorplate image, displacement -1.2 mm (total range= JO mm) [ler93] 

To solve this problem a third MCP with channels set perpendicular to the surface is used 
in the ERISS design. 



29 

After leaving MCP3 the charge cloud is accelerated towards the collector in a driftspace, 
where it expands due to its own space charge and initia! velocity disttibution. The size of 
the chargecloudat the collector is determined by the total number of electroos in a cloud, 
the voltage and distance between MCP3 and the collector, and the initia! size of the charge 
cloud at MCP3. For biasing the driftspace at the inner side, a high-resislive layer is used. 
The low voltage end of this layer bas the same potenrial as the backside of MCP3. The 
high voltage end bas the same potenrial as the collector. At the outer side three thin 
electrodes (rings), at equal distances, have been used. Voltages on these electrodes are 
applied via a resistive chain placed outside the UHV -system. 
In order to let the charge cloud expand uniformly, the electtic field in the drift space 
should be homogeneous. The precise shape of the electtic field between the last MCP and 
the collector has been calculated with the SIMION program (see Appendix B). 
The 'homogeneity' of the resulting accelerating field is shown in figure 4.7.7: 
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Figure 4.7.7: Electricalfield driftspace (SIM/ON), 
the 'horizontal' lines are equipotentials, the vertical lines represent electrons escaping from 
MCP3. 



30 

The simulation shows the fields to be strongly inhomogeneous at the outer side of the 
detector. To correct this problem the position of the last MCP will be adjusted in the near 
future. A possible improvement of the detector mounting is shown figure 4.7.8: 
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Figure 4.7.8: E/ectrica/fie/d adjusted driftspace (SIM/ON) 

Using the calculated electron trajectories it is possible todetermine the effective linear area 
of the detector. In the last driftspace design (figure 4.7.8) the effective linear area is 
increased by -15% compared to the design shown in tigure 4.7.7. 
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4. 7.2 Collector plate 
A large number of two-dimensional position sensitive collectors have been developed in 
the last 20 years. A review of electtonic readout systems for MCP's bas been given by 
Gethyn Timothy [Tim85]. 
In 1981 Martin et al. [Mar81] described the so-called wedge and strip collector. It consists 
of two kinds of conducting metal strips (electrodes) on an insuiaring substrate. One kind 
gets wider in one direction, but keeps the same width in the other. For the other kind of 
strips it is the other way round. Strips of the same set are all interconnected. The position 
of the electron cloud can be determined by measuring the charge collected on each set of 
strips. 
The concept for the ERISS collector has been deduced from this collector model (which is 
also used in the EARISS apparatus). Instead of wedges and strips, sickles and rings are 
used. A schematic figure of the ERISS collector is shown in figure 4.7.9: 

Figure 4.7.9: Schematic representation of the ER/SS collector. 

The A-strips are used for the azimuthal position determination, the E-strips for the radial 
coordinate (energy). The A and E strips are separated by grounded strips to reduce 
capacitive coupling between both signal strips. Also a conducting backplane bas been 
applied to the backside of the collector to reduce cross talk between both sets of strips. 
This backplane is connected to ground by means of a separation capacitor (Eurofarad 
TCK285, 12 nF). In this way a capacitance of only 5 pF remains between the E and A 
strips. 
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In tigure 4.7.10 a detail of the ERISS collector is shown: 

Figure 4.7.10: Detail ER/SS collector 

The ERISS consists of 15 sets of strips (EARISS: 14), the total width of one set of strips 
(radius,ground,azimuth,ground) is constant (-1 mm). The width of both radius and azimuth 
strips varles between 40 pm and 380 pm. A segment of 20° has been reserved for three 
output wedges (E,A, ground). The manufacturing process has been described by Heynen et 
al. [Hey83] 
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For a correct operation of the detector the radius of the electron cloud (R) hitting the 
collector is very important. On the one hand, it bas been shown by Knibbeler et al. that the 
position resolution is optimal if R is larger than 2*width of a set of strips (ca. 2*1 mm). 
Computer simulations by P.Ackermans [Ack90] showed that charge clouds with R<2.0 mm 
exhibit a discrete pattem, indicating that the charge cloud covers too few strips (see also 
figure 4.7.11). On the other hand, too large radii of the charge clouds (R>3.5 mm) arealso 
undesirable because then a part of the cloud will be situated outside the collector. During 
the performance tests the predicted discrete pattem bas been found: 
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Figure 4.7.11: Discretisation pattern measured on the ER/SS collector 

Also, for any circular charge cloud (with a center radius of re) more charge will fall at r>rc 
than at r<rc. For this reason, the measured radius will always be larger than the real charge 
cloud center [ Ack90]. 

By varying the voltage over the driftspace or the interplate voltages between the MCP's, 
the electron cloud size can be adjusted. The optimal electron cloud size is obtained when 
the discretisation pattem just disappears1 (R-2 mm). The performance tests made clear 
that the distance between MCP3 and the collector plate could be smaller. The effect of a 
smaller driftspace bas to be investigated doe to possible cross talk between collector and 
channelplate. 

1Check space charge saturation MCP3! 
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4.7 .3 Circuit diagrams 
The voltages for the detector elements are supplied by a FUG HCN-3500 supply. The 
stability of this power supply is better than 0.1 %. The power supply is set up as a current 
source. It supplies its current to a resistor/zener-network which generates the desired 
voltages over the three channel plates, the gaps between the MCP's and the driftspace. 
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Figure 4.7.12: Power supply detector unit 
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4.8 Signal processing 

In the next section we describe the various elements needed for signal processing. Here, 
we frrst present a general layout. Three signals are obtained from the detector unit after the 
involved ion hits succesfully a channel in the frrst microchannel plate (MCP). Two signals 
originate from the collector plate: the radial information (~ and the azimuthal 
information (Q~) of the scattered ion. The third signal (Q) is obtained from the last MCP 
and is needed to normalize the E and <I> signals (see tigure 4.8.1). 
All three signals are frrst amplified by a charge sensitive amplifier, pulse shaped by a 
delay line clipping and again amplified by a second amplification stage. Three track and 
hold1 amplifiers (T&H) track the output signals and freeze these signals when a hold com
mand is given. The triggering of the hold command is controlled by a timing circuit 
(PUR&C circuit; see § 4.8.3). The output signals of the three T&H amplifiers (E,<I> and Q) 
are fed to two analogue dividers: their output signals represent the normalised information 
E/Q and <1>/Q. Each of the output signals (E, <I>, Q, E/Q, <1>/Q) can be selected and 
measured by an Analog-to-Digital Converter (ADC). The ADC converts the analog value 
to a bite-size chunk for the Multi Channel Analyser (MCA). At the end of a measurement 
the MCA memory is read out by. a computer. 

Q~ 

Figure 4.8.1: Schematic representation data processing system ER/SS 

1 'Track and Hold' ='Sample and Hold' 
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4.8.1 Charge sensitive amplifiers I Delay line clipping 
As discussed before, we have to measure three charges; the charges collected on respecti
vely the E-strips and <1>-strips of the collector and the total charge Q escaping from the 
last MCP. 

• Charge Sensitive Amplifier (CSA) 
The CSA (integrator) converts the charge into a voltage proportional to the total charge. 
The final CSA-design is a modified Canberra 2006 preamplifier. The schematic diagram of 
the detector including the first amplification stage of the original Canberra 2006 preampli
fier is simplified in tigure 4.8.2: 

Cf(6.8 pF) 

Detector Integrator 

Figure 4.8.2: Schematic represenJation detector and CSA 

• Principle of operation 
The charge Qin (for example the charge on one of the sets of strips) will be collected on 
the capacitor Cc. This causes a voltage step on the input of the amplifier. The amplifier 
will charge Cr in order to bring the voltage on the input back to virtual ground. For large 
amplifications (g>>l) the amplifier output is a voltage step vout given by: 

Vout = -QJCr 

The charge on Cr is discharged by the resistor Rr in a characteristic time t: 

Figure 4.8.3: Typical output pulse shape 
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• Input capacitance CSA 
The collected charge (Qm) is, proportional to their capacitances, divided over the detector 
capacitance (Cc~eJ and the effective input capacitance of the CSA (Cm). To minimise the 
charge left in the detector Cm should be much larger than Cc~et· However, the input 
capacitance of the CSA is limited by the serie (coupling) capacitor Cc (1 nF). 
Table 4.8.1 gives a overview of the charge left in the detector for other values of Cc 
(detector capacitance = 200 pF): 

cc cin Charge in detector 

1nF 800 pF 20% 

2nF 1800 pF 11% 

llnF 7800 pF 2% 

100 nF >10000 pF <2% 

Table 4.8.1: Overview chargeleftin detector for different values of the coupZing capacitor c. 

The condusion is that the original value of the coupling capacitor Cc (1 nF) is too small in 
comparison with the value of the detector capacitance Cdet (200 pF). Desirabie is a 
capacitor with a value of > 10 nF. This is an undesirable solution due to the high costs of 
such a capacitor (and the increasing ravage in case of a flash over). 
Another solution has been applied and will be discussed in the next section. 

• Modification CSA 
To increase the effective input capacitance (Cm) of the charge sensittve amplifier the 
feedback capacitor (6.8 pF) can be connected totheinput terminal (see tigure 4.8.4): 

Cf(6.8 pF) 

Rf 

Cc (1 nF) 

in _......._ __ 11--~----; 
out 

Figure 4.8.4: Modification Canberra 2006 Preamplifier 

Now the effective input capacitance Cm of the modified amplifier is more than 8000 pF 
and the charge leftin the detector is less than 2%. 
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Because this design requires a 6.8 pF capacitor capable of handling high voltages (> 4 
kV), the final realisation is (see figure 4.8.5): 

in __ ,.. 

laF 
(SkV) 

Figure 4.8.5: Final design charge sensitive amplifier 

6.8pF 

To control the D.C. voltage over the 6.8 pF capacitor a 100 MQ resistor is placed parallel 
to it. The resulting pulse shape remains unchanged (figure 4.8.3). 

• Qt measurement 
The total charge Q is measured as a voltage pulse over both the supply lines to the last 
MCP. Knibbeler et al. [Kni85] have shown that this yields an accurate measure for the 
total charge in the electron cloud. 

CP3 
loF 

(SkV) 

lOOMl 

lOOMl 

;.-_.__--o out 

Figure 4.8.6: Q, is measured at the MCP3 supply lines. The antiparallel diodes proteet the circuit in case of a 
flash over 

• Delay line clipping 
The voltage step produced by the charge sensitive amplifier is proportional to the collected 
charge on its input. The fall time of the output pulse is typically 70 ps (see figure 4.8.3). 
The signa! drops to 1% of the voltage step in ca. 300 ps. Therefore, for a countrate of 
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3300 C/s every pulse contributes 1% to his successor (pile-up). This is still far below the 
aimed countrate of 1 OS C/s. 
To chop off the tail of the signal a 'delay line clipping' is used. The clipping system 
consists of two branches. One branch delays the signal (0.6 ps) and changes its polarity, 
the other leaves the signal unchanged. By adding both signals a pulse with a duration of 
1.2 ps is obtained: 

-2 Volt 

<1% 

0.6 J.lS 

Figure 4.8.7: output pulse shape 'Delay line clipping' 

In this way the possibility for pile-up is strongly reduced and the aimed maximum 
countrate of > 105 is possible. The elimination of piled-up pulses is done by a pile-up 
rejection system (see § 4.8.3). 

The second amplification stage of the preamplifier has a gain of 2 in case of the Q signal 
and 4 in case of the ~ and E signals (original Canberra design). 

• Generation timing poise 
From the output of the Qt-CSA a fast pulse is derived (see tigure 4.8.8). This pulse can be 
used to discriminate between pulses and noise since its amplitude is sufficiently proportio
nal to Q. Only Q pulse amplitudes above a certain threshhold (Under LeveVUN_L) 
generate a pulse. This pulse is used to trigger an univibrator (UV), which generates a 40 ns 
wide pulse. The 40 ns pulse indicates an interesting event and starts the Pile-Up Rejection 
and Control circuit (PUR&C). This PUR&C circuit rejects piled-up pulses, controls the 
timing of the T &H amplifiers and triggers the ADC (see section 4.8.3). 
For countrate measurements the 40 ns pulse is also fed to a rate meter&counter which 
allows for dead time correction. 

Qt 

Ratemeter Digital circuit 

__n_ 
Figure 4.8.8: Schematic representation generation timing pulse 40ns 
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4.8.2 Track and Hold amplifiers I Analogue dividers 

In a frrst design the clipped signals (E,<I> and QJ were directly fed to two analogue 
dividers (E/Q, <1>/QJ. Two Track and Hold amplifiers together with an Analog to Digital 
Converter took care of the digitising of the pulses. Because the signal between two 
succesive pulses is zero, this plan went wrong. A zero-value at the denominator input of 
the dividers results in a overloading of the output of the dividers. Because it takes too long 
for the dividers to get out of this overloaded situation another solution had to be found. 
In the new design the clipped signals (E,<I> and QJ are stretched by three T &H amplifiers 
and afterwards divided by two analogue dividers (E/Q and <1>/QJ. 

• Track and Hold amplifier• 
In the track mode the T &H tracks the input signal. At the moment the T &H is switched to 
the hold mode the T &H freezes the value of the input signal. 
In order to freeze all three signals at the top of the clipped signal a trigger signal is used; 
this signal is generated in the PUR&C circuit (see section 4.8.3). 

• Analogue divider 
As discussed in section 4.5.1 the fractions of the electron cloud falling on the E- and <1>
strips have to be normalised to the total charge of the electron cloud. This normalisation 
cao be carried out by using an analogue divider or by using a digital divider. 
In the ERISS an analogue division has been used since the applied digital division in the 
EARISS apparatus proved to have a limited dynamica! range ( :::::2.5). 

1 Burr-Brown SHC804 (sample rate: 500k samples per second) 
2 Analog Devices AD734 Multiplier/Divider (settling time: <200 ns) 
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4.8.3 Pile-Up Rejection & Control (PUR&C) circuit 

• Pile-Up Rejection 
The pulses generated by the delay line clipping have a length of 1.2 ps (see tigure 4.8.7). 
During this time there bas to be checked if another pulse is detected (pile-up ). This is done 
as follows: 

The fast 40 ns pulse, described in section 4.8.2, triggers a retriggerable 1.2 ps univibrator 
(see tigure 4.8.9). Retriggerable means: every 40 ns trigger pulse refreshes the 1.2 ps 
pulse, irrespective of the current state of the univibrator output. The start of a new 1.2 ps 
time interval means that during the past 1.2 ps no 40 ns pulse bas been generated and that 
the coming signal pulseis negligibly (<1 %) affected by a predecessor. 
Since the possibility that a next pulse climbs bis back caooot be ruled out, the PUR&C 
system must also check for new 40 ns pulses durlog the frrst 0.6 ps of the pulse duration 
time (see figure 4.8.7); 
lf a new 40 ns pulse is detected within this 0.6 ps, the conven command for the ADC 
(VORT pulse) is oot generated. 
This bas been realised as follows: 
The leading edge of the 1.2 ps pulseis used tostart two UV's. One bas a pulse duration of 
0.65 ps and cao be resetted by the 40 ns timing pulse. The other bas a pulse duration of 
0.45 ps (see tigure 4.8.9). The output signals of both UV's are fed to an AND gate 
(AND1). In case of no pile-up a 0.2 ps pulse remains at the output of the AND1 gate. 
When a second event is detected within 0.45 ps (pile-up) the 0.65 ps UV is resetted and 
the output of the AND1 gate stays low (no VORT pulse). 

• Timing Track & Hold amplifiers 
The leading edge of the 1.2 J.IS pulse is also used tO trigger a 0.32 J.IS UV1 (see tigure 
4.8.9). Durlog this 0.32 ps time interval the T&H's will track the signal presented at their 
inputs. After 0.32 ps the T &H's freeze the input signals (at the top of the pulse). 
(The PUR time interval (0.45 ps) overlaps the 0.32 ps track time interval). 
Because the process time of the ADC/MCA is 1.4 ps a veto signal of 1.6 ps blocks a new 
hold command durlog the processing of the ADC. 
The 1.6 ps signal is fed to a meter which gives an indication of the dead time of the 
system. 

• Discrimination Q, values 
The Q S&H output signal is fed to two discriminators, one for the opper level (UP _L) and 
one for the lower level (LO_L). The Q value is determined at the moment that a 30 ns 
logic pulse is supplied to AND3 (for a good timing this pulse is 0.28 ps delayed). Only 
when the Q value fits in the selected 'window' an OK pulseis fed to the AND1 gate. 

Only when all criteria are met a VORT signal is fed to the ADC and the selected output 
signal (E, <I>, Q, E/Q1, <1>/Q) will be digitised. 

1 Since the generation of the 1.2 JIS pulse takes some time the time interval (0.32 JtS) is shorter than the 
expected 0.6 JIS. 
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• Analog to Digital Converfers 
The used ADC's give a 12 bits representation of the voltage at their input. The maximum 
input voltage is -10 Volt. 

• MCAlComputer 
During a measurement the MCA 1 collects the digital pulses in a one-dimensional memory 
(4096 channels). At the end of a measurement this memory is read out by a computer. 
Via an IEEE bus the data is send to a HP terminal. 

4.8.4 Construction details 

The CSA's, clipping lines, T&H's and the analogue dividers are mounted in a metal box 
situated near the collector plate. In this way the conneetion wires between the collector 
plate and the input of the CSA are kept short (10 cm). 
Because regular the UHV -system has to be baked out the electtonics can easily be 
removed (as one lump). 
The ADC and MCA are mounted in a standard rack. The distance between the metal box 
and the standard rack is ca. 5 meter. In order to reduce the Radio Frequence Interterenee 
(RFI) a lot of care is taken over the cable placing (main care: diminishing of ground 
loops). 

1Developed by the 'Bedrijfsgroep Laboratorium-automatisering' (fUE) 



43 

5 Results 

5.1 Performance 

An example of the frrst histograms measured by the MCA of the ERISS is shown in figure 
5.1.1; The horizontal axis ('MCA channel') represents a reversed image of the energy 
distribution of the scattered ions. The vertical axis shows the ion yield/channel. 
To obtain this spectrum, a beam of 3 ke V ~e+ ions was directed onto a polycrystalline 
copper target. The analyser electrodes were adjusted to a pass energy of 1.5 keV, the 
opening of the slits was .5/.8. The ions were post-accelerated (500 Volt) after the scattering 
event. The MCA-histogram shows both isotopes of Cu (masses 63, 65). The Full Width at 
Half Maximum (FWHM) for both peaks is 40 eV. 
This histogram bas been measured with an azimuthselector placed upon the sample, which 
blocks all scattered ions except a 30° conic section. Without this azimuth selector the 
resolution detoriated. This may be caused by a misalignment of the analyser or a possible 
correlation between the E and cl> signals. When the simultaneous measurement of both E 
and cl> will become available (a 2-D MCA is needed for this) it may become possible to 
correct for this effect. Then the maximum energy resolution can also be achieved in the 
full azimuth experiments. 

6000.0 .-----~---.-------.------.------,--------., 
5 Janulli 1994 

4000.0 

# 

FWHM:40eV 

2000.0 

0.0 ----------.....::. _ ___. ____ _._ ___ _.. _ _"._ _ ___,_ ___ ___, 
1000.0 2000.0 3000.0 4000.0 

MCAkanaal 

Figure 5.1.1: MCA histogram,· 3 ke'V 1/)Ne ions scatter.ed from a Cu target. Measuring conditions: 80 nA, slits 
.51.8, Pass energy 1.5 keV, + 30" azimuth selector 
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A 'standard' Cu-measurement1 (primary ions: 3 keV Ne+) is used to compare the 
sensitivity of the ERISS apparatus with other LEIS-setups (see table 5.1). The sensitivity 
parameter is the number of counts in the surface peaks of both Cu-isotopes normalised for 
the target current and the measuring time. 

LEIS apparatus Relative sensitivity [C/(nA*s)] 

NODUS ca. 300 

EARISS ca. 10000 

ERISS (slits 10/10) ca. 70000 

ERISS (slits 2/2) ca. 10000 

Table 5.1: Relative sensitivity LEIS-setups 

The sensitivity of the ERISS is a factor 100 higher compared to the best conventional 
LEIS-setup (NODUS). The higher sensitivity of the ERISS (slits 10/10) compared to the 
EARISS is due to the larger acceptance of the slits in front of the analyser. However, when 
the slits are completely opened the energy spectra are distorted. It still needs to be 
determined what the maximum openings angle is that still yields undistorted spectra. 

1Measured without azimuthselector 
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The analyser performance was checked as follows. 
When an insuiaring sample (Kapton) is placed under the ion beam, it will charge until the 
sample potenrial becomes equal to the energy of the ions. Subsequently, ions approaching 
the surface will be elasrically reflected by the sample. This results in a sharp peak of 
reflected ions which may be used to check the resolurion of the analyser, detector and 
electronics. In tigure 5.1.2 the resulring MCA histogram is shown. 

2 keV Neon, 29 April1994 3000.0 ,--:::..:.:::..:....:...:.::..;..:..: __ ----r ______ --r-'----~'-----, 

2000.0 

# 

1000.0 

V3 -1000 
30kHz 

0.0 L---~----'---~-~:-:-"--:--=---=--~----:--::0 0 
1000.0 2000.0 3000.0 400 0 

MCA-kanaal 

Figure 5.1.2: MCA histogram of 2 keV Ne• ions scattered from an insuiaring Kapton target. The analyser pass 
energy was 3 keV 

The FWHM of this peak is 25 eV, proving that a lower limit for the resolution of the 
system is (dElE) < 1% , which is quite good. However the results are somewhat distraited 
because effectively only ions were detected at one azimuth1

• 

1This has been determined IYy an azimuth measurement 
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Next, we have determined the energy dispersion of the detector by scanning a well-defined 
Co peak over the detector (by varying the postacceleration voltage V3). The number of 
counts in the Co peak did not change (< 5%) when scanning the peak over the detector, 
which indicates that the detector efficiency is indeed homogeneous within 10%, as 
predicted in § 4.7.1. The measured dispersion relation for the detector is shown in figure 
5.1.3. The horizontal axis represents the peak position in MCA channels, the vertical axis 
shows the corresponding postacceleration voltage. 

2400.0 ..----~-6t--------,-~----.-~----r----r---, 

2350.0 

2300.0 

22502~ooL.-o-~-22_oL_o.-o-~-24_oL_o.-o ~~-26-'o-o.-o ~--2a-'-o-:-o.o-=--~----::--::-"3ooo.o 

Kanaal nummer 

Figure 5.1.3: Energy dispersion ER/SS detector 

In the centre of the detector the dispersion shows a linear behaviour. The slightly non
linear dispersion near the detector edges may be caused either by the field inhomogenities 
in the driftspace (see SIMION simulations, figure 4.7.8) or by too large electron clouds. 
Using the energy dispersion relation a MCA histogram may be converted into a part of the 
total energy spectrum. The centre of the detector (- MCA channel 2500) represents 
scattered ions with an energy equal to (pass energy - post-acceleration voltage). The other 
MCA values can be converted via the energy dispersion of the detector (see figure 5.1.3). 
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The next step was composing an energy spectrum out of the several sub spectra (the width 
of one spectrum is 100 eV1

). An example of a composed spectrum is shown in tigure 
5.1.4. 

-. :J . 
n3 -"'0 
Cl) 

·::;._ 
c: 
0 

30000.0 

20000.0 

10000.0 

0.0 L____.______.__....__J.___.__...,L___.__L-...2:::.::::==:t:==::::=_l___,__...l..,___j 
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Final Energy (eV) 
Figure 5.1.4: Composed energy spectrum, Measuring conditions: I, 0.16 nA, slits 10110, pass energy 3 keV 

Figure 5.1.4 shows that the conneetion between successive subspectra (indicated by the 
arrows) was not exactly perfect. Especially near a surface peak the conneetion was poor. 
Finding out the cause of the 'connection problems' took 2 months. After inspeering an 
energy scan of the very sharp reflected peak (see tigure 5.1.2) it tumed out that the 
problems were caused by 'Ghost peaks' introduced by ions hitting the analyser and/or the 
skimmer. Ions with an energy outside the energy window can scatter off the analyser or 
skimmer (see tigure 4.7.1) and lead to an enhanced noise level. 

Consequently, when the surface peak is situated just outside the energy window these extra 
counts (ca. 10% of the counts in the surface peak) disturb the measurement of the total 
energy spectrum. The problem could be solved by applying a conducting graphite coating 
on the skimmer and the last part of the analyser. As a result the noise level generated by 
the 'Ghost-peaks' diminished by a factor 7. 
However, this treatment also caused some problems. The frrst MCP which is situated very 
close to the graphite-area has been affected during bake-out. The gain of MCPl was 

1The energy window of 100 eV corresponds to -3.3% of E,.,.,, which is lower than the maximum of JO% (see 
§ 4.6). By further adjusting the dispersion relation we expect to be able to extend the useful area of the detector 
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decreased as evidenced by a lack of space charge saturation and also inhomogeneous over 
the channelplate. This could be 'solved' by increasing the voltage over the MCP stack. 
Furthermore, a discretisation spectrum could only be obtained after decreasing the 
interplate voltages to 12 V. With these adjustments the energy dispersion measurements 
were repeated, and consequently we again tried to compose a full energy spectrum out of 
the subspectra. The frrst well-composed energy spectrum is shown in figure 5.1.5. 
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Figure 5.1.5: Total energy spectrum of Copper measured with 3 keV Ne• ions, Measuring conditions: 1,=2.0 nA, 
slits 2/2, pass energy: 3 keV 

This Cu-spectrum has been composed using a calibration done with a Cobalt sample, and 
the good conneetion between the subspectra shows that the ghostpeaks have been 
sufficiently suppressed. Another measurement of the Cu-peak at a pass energy of 2 ke V 
using the ~ calibration resulted also in an excellent energy spectrum. 

These results indicate that the ERISS fulfils its design expectations. A well-composed 
energy spectrum of the scattered ions could be obtained with help of a calibration 
procedure. The energy resolution of the observed surface peaks ( 40 e V) is good compared 
with spectra measured with other LEIS-setups. The sensitivity of the ERISS (slits 2/2) is 
comparable to the sensitivity of the EARISS. In the next two sections we discuss the 
measurements done with the ERISS at fragile surfaces, e.g. polymers and catalysts, which 
futher illustrates the correct operation of the instrument. 
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5.2 Polymers 

Commonly used techniques in the field of polymer surface studies are XPS and SIMS (see 
Appendix C). The role played by LEIS in the field of polymer research is minimal due to 
the high sensitivity of polymers to ion irradiation. Only LEIS setups with a high detection 
sensitivity are able to perform non-destruclive measurements. The first non-destructive, 
reliable measurements of polymer surfaces have been reported by Hook et.al [Hoo86]. 
They investigated the effect of ion irradiation by doing XPS-measurements (see Appendix 
C) before and after the LEIS analysis. They detected no damage for polymers irradiated 
with a 2 keV 3He+ beam with a current density of <6 nNcm2 (total ion dose: <1800 
nC/cm2

). 

The possibilities of the ERISS in this field has been investigated by analysing a commerci
al polymide (Kapton). To remove surface contaminations the Kapton foil is cleaned by 
means of 2-Propanol. The target is analysed by a 3 ke V 3He+ ion beam, the slits opening 
was 2/2. To prevent charging of the sample the neutraliser is used during the measure
ments. In order to further reduce the beam current density the scanning-mode of the 
manipulator has been used toenlarge the effective scattering area (16 mm2

). The ion beam 
current was 0.7 nA, and the total measuring time 300 s, which resulted in a total ion dose 
of- 1300 nC/cm2

• The obtained energy spectrum is shown in figure 5.2.1. The C and 0 
peaks can easily be distinguished and the number of counts in each peak (C: -1000, 0: 
-400) is sufficiently high for quantification purposes. 
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Figure 5.2.1: LEIS spectrum of a polymide sample measured with 3 keV 1He+ ions. Measuring conditions: 
t=300s, 1,=0.7 nA, Total ion dose: ca. 1300 nC/crrt, slits: 212. 
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This measurement shows that polymer surfaces may be investigated without modifying the 
surface composition (the used ion dose was well below 1800 nC/cm2

). When the beam is 
scanned over an effective spot area of 2x1.5 cm2 and the slits are completely opened 
(10/10) a further sensitivity gain of ca. 100 can be expected. 
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5.3 Catalysts 

The surface of a highly dispersed Pd/Pt catalyst1 has been characterised by LEIS using the 
ERISS 2

• This kind of catalysts is commonly used in the industry and automotives to 
reduce the emission of pollutants. The catalyst has a low loading of Pt/Pd clusters\ and 
was prepared at KSLA by impregnating an alumina (Al20 3) washcoat with Pd/Pt tetramine 
complexes. The washcoat was stabilised by calcination at 300 oe. The powdered catalyst is 
pressed into a tantalum cup before the LEIS measurement. 

Sample pretrealed in H2: 

The frrst sample studied was pretreated in 700 mbar of hydragen at about 400 oe for 20 
minutes. For a good mass resolution Ne+ ions have been used. The beam current for all 
measurements was 0.3 nA 4• Since no scanning of the sample has been applied this resulted 
in a total ion dose/cm2 of 8100 ne/cm2 (this corresponds to the removal of 1/4 monolayer 
by the ion beam). The frrst energy scan obtained (see figure 5.3.1) showed a clear 
platinum-peak and a relatively high sputter-background at lower energies. No Pd was 
visible in this energy spectrum. 
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Figure 53.1: LEIS spectrum of a Pd/Pt catalyst: Measuring conditions: 3keV Ne, 1,=0.3 nA, Pass energy: 3keV, 
Slits: 10/10, Measuring time 270 s, Ion dose: 8100 nC/cm2 

1The Pd/Pt catalyst has been granted by B.Roosenbrand (Koninklijke/She/1 Laboratorium Amsterdam) 
2Before applying the conducting graphite 
30.7% Pd+03% Pt 
4
Since these catalysts are insulating the neutraliser has been ~ed. 
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The background could be reduced significantly by heating the sample at about 300 oe 
during 5 minutes. Figure 5.3.2 shows the energy spectrum obtained on a fresh spot after 
the hearing treatment. The Pt signal remains unchanged and still no Pd visible. 

Figure 53.2: 
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LEIS spectrum of a Pd/Pt catalyst after hearing the sample 
Measuring conditions: the same asfor figure 5.3.1 

A Pd signal could only be observed after extensive sputtering. Figure 5.3.3 shows the 
energy spectrum as obtained after sputtering with a beam current density of 4.4 nNmm2 

during 45 minutes1
• Note, that the Pt peak intensity bas now reduced by - a factor 2. 

Figure 5.33: 
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LEIS spectrum of a Pd/Pt catalyst after pro/onged sputtering. 
Measuring conditions: the same asfor figure 53.1 

2500.0 

1Spot size: 1 m"(, removed /ayers: -75 
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After continued sputtering (15 min. 20 nA)1 the platina peak intensity decreased even 
more, while the Pd signal remained almost constant (see figure 5.3.4). 

Figure 5.3.4: 
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LEIS spectrum of a PdJPt catalyst 
Measuring conditions: the same asfor figure 5.3.1 

From these measurements it can be concluded that the outermost layers of the metal 
clusters consist mainly of Pt, the inside consists probably of both Pd and Pt. However, the 
used ion doses during these measurements are high (although, during a measurement the 
signal remains unchanged) and the pretteatment of the catalyst may influence the metal 
distribution in the clusters. 
To check whether our results yield a realistic picture of the clusters, we have performed 
another series of measurements in which a new sample was pretreated in an oxygen 
environment and the scanning mode of the manipulator was used to reduce ion beam 
dam a ge. 

1Removed layers: -115 
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Sample pretrealed in 0 2: 

Before measurement a new sample was heated twice in 500 mbar of Oxygen at about 450 
°C for 15 minutes. The beam current was the same as in the first series of measurements 
(0.3 nA). However, by scanning the sample over an area of 16 mm2 the ion dose could be 
minimised. The resulting total ion dose was 1350 nC/cm2 (which corresponds to the 
sputtering of -5% of a monolayer). The result of this measurement is shown in figure 
5.3.5: 
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Figure 5.3.5: 
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LEIS spectrum of a Pd/Pt cata/yst (ejfective spot: 16 mnr) 
Measuring conditions: 3keV Ne, 1,=0.3 nA, Pass energy: 3keV, Slits: 10110, 
Measuring time: 270 s, Ion dose: 1350 nC!cnr 

In this spectrum a Pt peak: is observed, with only a very low background. A Pd signal was 
observed after extensive sputtering1 during 6 minutes. Again, Pd is not observed in the 
frrst measurement. Therefore we conclude that our results are reliable and not induced by 
the pretreatment procedure or a high ion dose. 
Furthermore, only the fact that frrst we observe only Pt, and after significant sputtering Pd 
it may be concluded that intrinsic information about the metal distribution in these clusters 
is obtainable using the ERISS. 

1 
beam current: 26 nA, removed /ayers: 
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Appendix A 

Microchannel plate detectors 

1 Introduetion 
A microchannel plate (MCP) is an array of Hr - 107 miniature channel electron multipliers 
oriented parallel to one another and fused into the shape of a disc. 

(CUTAWAY VIEW) 

Figure A.l: A microchannel p/ate [Wiz79) 
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Typical channel diameters are in the range 10 - 100 J.Im and have length to diameter ratios 
(ex) between 40 - 100. Channel axes are typically nonnal to, or set at a small angle to the 
MCP surface. The MCP is usually fabricated from a lead glass. The walls of the holes are 
coated with a high resistance material which has a secondary emission coefficient greater 
than 1. Parallel electrical contact to each channel is provided by the deposition of a 
metallic coating (Nichrome or Inconel). The total resistance between these electrodes is on 
the order of 108 n. If a potentialis applied between the surfaces of the MCP each channel 
becomes a continuous dynode analogue to the separate dynodes of a photomultiplier (a 
MCP does not need a resistance divider for operation). 
An electron entering the low voltage end of one of the channels will generate secondary 
electroos upon striking the wall. These electroos will be accelerated by the electtic field 
and again strike the wall, producing a further increase in the number of seconday 
electrons. This avalanching process produces a large burst of electroos at the high voltage 
end of the channel. 
The typical electron multiplication factor (gain) for a single MCP is 1000 (at 1.0 kV). 
When two channel plates are used in series this gain can be as high as 107

• The upper 
limit is set by the onset of ionic feedback (see § A.4.1). The time resolution is less then 1 
ns [Wiz79] and the spatial resolution is limited only by the channel dimensions and 
spacings. The channelplates should only be operated in a vacuum better than 1 *Ht6 mbar. 
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2 The straight channel electron multiplier 
A diagram of a single straight channel electron multiplier is shown in tigure A.2. An 
incident electron produces B secondary electrons, so that the overall gain G is given by 
G=Bn. (nis the number of collisions). 

Primary 
radiation 

Secondary 
electrens 

Resistive 
tube 

~---------------1r-~r---------------~ 

Figure A.2: A straight channel electron multiplier [Phi91] 

According to Schagen [Sch71], assuming that the secondary emission IS normal to the 
channel walls: 

) 

4 V0 a 2 

G=(2AV V 
a V01A 

V: total channel voltage 
V0: initia! energy of an emitted secondary electron (= 1 eV) 
V c: electron collision energy in e V 
a: length to diameter ratio 
A: proportionality constant: 

Ö=A Vc ; A=0.2 
ö: produced secondary electrons/incident electron (max: 2 for 300 eV electrons) 
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As V increases, so does ö, since each collision then occurs at a higher energy Vc. 
At the same time, the number of collisions within the channel decreases, which results in 
an extremum in the G vs. V characteristic. 
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Figure A.3: Gain vs voltage characteristic [Phi91] 

The curve has no maximum, but levels off at large V; this IS because the secondary 
emission is not orthogonal to the channel walls. 



There is also an extremum in a (condition: d(ln G)/da)=O) for <Xmax=V/16.5 and 
Gmax = exp(0.0074 V). 
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(According to Monte Carlo methods used to calculate the performance of MCPs: <Xmax= 
V/22 [Gue71]). 
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Figure A.4: a. vs gain [Phi91] 
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Because many electron paths are possible the number of collisions (gain) is indeterminate. 
The electron trajectories scale with the channel dimensions for a given applied voltage. 
Thus if the length to diameter ratio is preserved, the same gain is achieved, irrespective of 
the absolute length of the channel. In practice, it is nec:essary that a is greater than 30:1. 
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The statistica! nature of the multiplication process results for a single MCP in the 
following pulse height distribution (PHD): 

0 

.::V ..... 
~ .. 
·.~i . . 
• :i'v

·..:.S . :• . . . .. .. ... . . .. . .. . -·-- .. .. . ... .. ._ . . - -. -........ 
. -------- .. -

CHANNEL NUMBER 

Figure A.5: Pulse height distributionfrom a straight channel MCP [Wiz79] 

3.1 Space charge saturation due tospace charge 
At a peak: gain of Hf or more the charge pulse height distribution (PHD) changes from a 
negative exponential to a quasi-Gaussian shape. This behavior is the result of space charge 
saturation near the channel output. 
In that case the high (negative) space charge density at the rear of a channel prevents that 
other electroos can escape from the channel walls. 
The reeover time of channel walls, after electron emission, is in the order of a few 
milliseconds [Meu88]. Since the characteristic transit time of the produced pulses is 1 ns, 
the positive potential of the channel walls is a further harrier for the escape of secondary 
electroos (this potenrial compensates partially the applied high voltage). 
As a result the PHD will show a preferred charge cloud size. 
Thus the channel gain is limited by the space charge density which itself is defined by the 
channel geometry and the overall channel voltage. 
Schmidt et al. [Sch66] have shown that the maximum gain for a space charge saturated 
channel, for a given V and a, is proportional to the channel diameter. 

For example: 1 mm diameter channel saturates at a gain of 1 OS 
10 pm diameter channel saturates at a gain of 106 

So one channel of a MCP should have saturated gains in the low Hf range. 
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A typical saturated pulse height distribution is given in figure A.6. The resolution is 
defined as the ratio of the full width at half maximum of the distribution to the modal 
pulse height. The resolution depends on the applied voltage and gain. 
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Figure A.6: Definition of resolution of pulse height distribution [Phi91] 

In the saturated mode an integral discriminator (Under Level, see § 4.8.1) can be used so 
that the measured count rates are relatively insensitive to gain shifts. This cannot be 
obtained with a negative exponential charge distribution. Narrowing of the pulse height 
distribution is advantageous since the dynamic range requirements on the subsequent 
electtonic circuitry are diminished. 

3.2 Space charge saturation due to field dislortion 
The charge lost by the plate during a pulse is supplied by the local capacitance and is 
replenished by the standing current flowing through the plate resistance. When the current 
in the output of the MCP averages more than 10% of the standing current, the voltage 
gradient in the wall is no longer linear and the gain falls so that there is a loss of linearity 
between input and output currents. A typical plate resistance is about 100 M.Q and draws 
10 uA at full bias (107 electrons/cloud). This corresponds to a maximum input flux of 
about Hf particles per second for the assembly as a whole. 

4.1 Ionic feedback 
As the gain of a MCP increases, so does the probability of producing positive ions in the 
high charge density region at the output of the channel. These ions are produced by 
electron collisions with residual gas molecules and with gas molecules desorbed from the 
channel walls under electron bombardment 
If the channels are set normal to the surface these ions can drift back to the channel input, 
producing ion after pulses. In a single channel multiplier (channeltron) ionic feedback can 
be suppressed by curving the channel. Because then the ions will strike the wall before 
they have reached the input and the size of the ion after pulse clouds will be limited. 
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4.2 The Chevron 
As noted in A.4.1, ion feedback suppression can be achieved in single channel multipliers 
by simply curving the channels. This is difficult to achieve in a MCP and a commonly 
used metbod for ion feedback suppression is the MCP Chevron described by Colson et.al. 
[Col73] 
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Figure A.7: Chevron conjïguration [Wiz79] 
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The plates are oriented so that the change in channel angle is so large that the positive 
ions cannot reach the input of the front plate. 
A Gain vs. voltage curvefora Chevron is shown in figure A.8: 
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Figure A.8: Gain vs Voltage (Chevron) [Wiz79] 

Typically the plates are separated by 50-150 pm and individually operated at gains in the 
103-1<t range. 
Wiza [Wiz79] also investigated the effect of in terplate bias voltage, V b• on the output 
PHD. The charge distribution from MCP 1 is exponential with a mean gain of =103 and a 
typical electron energy of 30 eV. At such low charge densities, space charge effects are 
negligible and the primary mechanism for interplate spreading of the electron cloud is the 
radial velocity component of the exiting electrons. 
If an accelerating potential is applied between the plates, there is less time for the charge 



A8 

cloud to spread radially, and fewer channels in MCP 2 are excited, but each is driven 
harder into space charge saturation. 
For Vb=lOO V the number of channels in MCP 2 excited by one channel in MCP 1 is 
reduced by a factor 3 compared to Vb=O V. Figures A.9.1 and A.9.2 are plots of peak gain 
and the resolution of the PHD of the Chevron at different interplate voltages. 
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Figure A.9.1 (left): Gain vs interp/ate bias voltagefora Chevron (150 um p/ate separation) [Wiz79] 
Figure A.9.2 (right): Reso/ution PHD vs Chevron interp/ate bias voltage [Wiz79] 

After an initia! falloff, the peak gain remains constant while the FWHM continues to 
decrease, approaching 60% at Vb=700 V. 
The Chevron exhibits high saturated gains (> 107

) because of the multiplicity of channels 
excited in MCP 2 by a single channel in MCP 1. 
There is no degradation in spatial resolution because of this interplate charge spreading 
when the spatial information is obtained by centroid averaging methods (such as the 
resistive anode or the ERISS configuration). 
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5 Deleetion efficiency 
The detection efficiency is defined as the fraction of the incident particles which produces 
a measurable chargecloudat the end of the MCP. 
The secondary electron emission coefficient depends on the kind of primary particle, its 
angle of incidence and its energy. 
Figure A.1 0 shows the measured relative detector efficiency with respect to the angle 
between the channel axes and the incoming partiele trajectories. If the partiele trajectories 
are almost parallel to the channel axes, there is a high probability for deep penetration into 
the channels before a frrst interaction. This results in a low gain output near 00. The 
decrease beyond 16° is due to a decrease in the secondary ejection coefficient as the 
particles strike the channel walls at less oblique angles. 
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Figure A.IO: Re/ative deleetion efficiency as a function of the partiele impact angle. The relative efficiency is 
independent of partiele species and energy [Gao84] 

The detection efficiency as a function of the energy of the incident positive ions, protons 
and electrons is shown in figure A.11: 
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Figure A.ll: Deleetion efficiencies ehanne/tronfor eleetrons, protons and positive ions [Phi91] 

These results show frrst an increase with partiele energy and a plateau near 10000 e V at 
about 60% efficiency. 
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(ERISS: The energy spread of the ions leaving the analyser is 6% of the analyser pass 
energy (max: 6% of 5000 e V = 300 e V). This means that the differences in detection 
efficiency due to the varlation in energy are negligible) 

6 Energy distribution of output electroos 
The energy distribution of the output electroos (EDOE) consists of a sharp main peak with 
a FWHM of a few electron volts and a long tail extending over a wide energy range (see 
figure A.12). 
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Figure A.l2: Energy distribution of the output electrans in the unsaturated and saturated operation modes 
[Kos85] 

The output electrodes of a MCP are deposited by vacuum evaporation techniques. Hereby 
the electrode can penetrate to a eertaio depth into the MCP (depth=diameter channel). The 
sharp main peak is related to this electrode region of the channel. The 'long tail' electroos 
originate from the remaining part of the channel. 
The EDOE can be divided into three components: N10,N1o.so and N50• These correspond to 
the energy ranges: O<E<lO eV, 10~<50 eV and E~50 eV, respectively. The charge in 
these respective components as a function of the total output current is shown in figure 
A.13: 

(Of.) 
100rr~~--~~~~--~~~~~~~ 

50 

N10-50 

OUTPUT CURRENT lc(A) 

Figure A.l3: The energy distribution as function of the total output curreni[Kos85]. 



7 Specifications ERISS 
Mullard 012-46/0; Mullard 012-46/13 

- diameter channel 
- channel spacings 
- disc diameter 

effective radius 
- open disc area 
- number of channels 
- length to diameter ratio 
- channel angle: 

: 12.5 )lm 
: 15 pm (center-to-center) 
: 46 mm; 
: (11.5 - 21.5 mm) 
:60% 
: 5.1*106 

: 80 

1e MCP/2e MCP : 13o 
3e MCP :00 

- gain : 3*1~ (1000 kV) 
- electrical resistance between electrodes: 30 - 100 MQ 
-Electrode material : nickel-chromium 
- MCP material : Coming 8161 glass 

(Weight percent Pb: 47.8 [Wiz79]) 
Dielectric constant : E=8.3 

- Plate thickness : 0.5 mm 
- Capacitance : 200 pF 
- Max. bake out temp. : 300 oe 
- Life expectancy : > 50 Coulombs total output charge 

All 
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Simion 
For the analysis of electrostatic lenses various methods cao be used. The main advantage 
of the finite difference metbod is that it requires a much lower computational effort than 
the charge density method (CDM). On the other hand using the CDM a higher accuracy 
cao be obtained. The CDM has been used by van Heijst to calculate the operation of the 
zoomlenses of the EARISS analyser [Hey86]. To judge the accuracy of the SIMION 
program (based on the finite difference technique) we here compare results of both 
methods for a standard lens. An 'absolute' check is possible by means of a comparison 
with data provided by van Hoof [Hoo80], who calculated the axial potential function of a 
cylinder lens using a charge density metbod (see figure B.1). Van Hoof claims an accuracy 
of about 10"5%. 

Gap = 0.1 D (cylinder length L=5D) 

~-
r )' • 

g 
~ 

o4 • L 
Figure B.1: 2-e/ement cylinder lens (the voltage on the plates is respectively -1 V and +1 V) 

z/D 0.025 0.1 1 

SIMION 0.06626 0.2603 0.9867 

van Heijst 0.06553 0.2564 0.9868 

Van Hoof 0.06559 0.2566 0.9868 

The SIMION calculations are within 1% of the data provided by van Hoof, wheras 
calculations presented by van Heijst agree within 0.1 %. 
The SIMION program, as well as the CDM of van Heijst give accurate results. The fast 
and acceptable operation of the SIMION-program are the reason for using this program for 
the driftspace calculations. The SIMION program has also been used for calculations of the 
operation of the zoomlenses. The results show that SIMION is capable of calculating the 
ion trajectories in the zoomlenses. For problems which require a high accuracy, such as a 
detailed calculation of the ion trajectories in the ERISS energy analyser, still the CDM 
yields more reliable results. 
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Appendix C 

1 X-ray Photoelectron Spectroscopy (XPS) 

When a surface is irridiated with soft X-ray photons (=1000 eV), electrons from inner 
shells can be ejected with a kinetic energy (KE) equal to: 

KE =hu- BE 

hu= X-ray energy 
BE= binding energy of the ejected electron (referred to the Fermi level) 

The photoemission process leaves a hole in a core level. Two possibilities to fill the hole 
are: 
An outer electron fills the hole whereby the excess energy is emitted as an X-ray pboton 
or transferred to an other electron which leaves the atom (Auger decay). These Auger 
peaks do not shift when another X-ray souree is used . 

Figure C.l: 

•••• • • 
• • 

e e K e e ls e e 

Schematic energy diagram of photoemission process 

A) neutral atom B) excited ion after photoemission C) Auger decay [Sab93] 

A XPS spectrum is a plot of the photoelectron intensity vs. the kinetic energy of the 
photoelectrons. Because no two atoms of the periodic table exhibit the same set of binding 
energies XPS is capable of elemental analysis. XPS can also be used to collect information 
on the electtonic structure and the chemica! environment since the energy levels change 
with its oxidation state or in partienlar with its net charge. Differences in BE of a given 
level of a given atom are named chemica! shifts and can have values of up to 10 eV or 
more (experimental resolution XPS: 0.2 eV). 
XPS allows quantitative analysis since the photoelectron intensity is directly proportional 
to the atomie distribution of the photoemitting atoms. The use of X-rays as primary 
radiation limits the lateral resolution to the order of a few micrometers. 
XPS peaks are usually named according to the photoemitting level, for example 0 15, F~. 

The sampling depth of XPS ranges from 3 to 10 nm. 
As far as polymers are concemed, XPS results in minor radiation damage to the sample 
compared to other surface spectroscopies (e.g., Auger spectroscopy). XPS is widely 
employed in this field. 
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2 Secondary Ion Mass Speetrometry (SIMS) 
In SIMS a primary ion beam is used to sputter secondary ions. These sputtered ions are 
analysed as function of their mass over charge ratio. Several kinds of mass analysers, from 
magnetic to quadrupale and time-of-flight, can been used in a SIMS setup. 
SIMS is surface-specific when the primary ion current density ( < 5 nNcm2

) is so low that 
erosion effects are negligible. This is called static SIMS (SSIMS). 
The sputtering process can be schematised in tigure 

Figure C.2: Collision cascade showing the interaction of the primary ions with asolid surface [Sab93] 

The secondary ion yield increases with the beam energy and the flux, and with the 
primary ion mass. This ion yield is also very sensitive to the electtonic state of the atom 
or molecule to be ionized and to the matrix from which they are emitted. Due to this 
matrix effect quantitative analysis by SIMS is rather difficult. 
Nevertheless, SSIMS empirica! methods allow quantification within 10 %. A major 
advantage of SSIMS is the much lower detection limit (ppb) and the possibility of 
detecting hydrogen. 
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