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Summary. 

This masters thesis describes the first realization of Energy and 

Angle Resolved Ion Scattering Spectroscopy (EARISS). The EARISS 

apparatus uses noble gas ion beams to probe the outermost atomie 

layers of a surface. These ion beams cause damage to the structure and 

composition of the surface being studied. Therefore an efficient use 

of the backscattered ions should be made, thereby keeping the total 

ion dose as smal! as possible. 

The EARISS analyzer accepts backscattered ions with a fixed 

scattering angle over a 320° azimuthal angle. The detection system 

enables us to simultaneously determine the energy and the angle of a 
5 backscattered ion. We have shown that countrates of up to 4•10 

detected !ons per second may be handled. This means that an 

improvement of 2 to 4 orders of magnitude in the detection efficiency 

of the backscattered !ons is possible. This enables the study of 

surfaces which are sensitlve to radlation damage caused by the 

incident ion beam (semiconductors, polymers etc.). 

This thesis deals with the difficulties we encountered during the 

first use of the sickle and ring detector, which is the heart of the 

detector for the energy and azimuth of the backscattered ions. Some 

solutions to these problems wil! be presented and further improvements 

of the detector will be discussed. 
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Chapter 1. General lntroduction. 

1.1 Introduetion 

Along with the development of new techniques, surface studies have 

become of more importance to both the scientific community and 

researchers in industry. The objective is to get more insight in the 

phenomena related to surface and interface behaviour. 

The properties of surfaces and interfaces can differ largely from 

the bulk properties. The reasen for this lies essentially in the fact 

that surface atoms lack neighbours on one side. A piece of material 

freshly cut along a plane of atoms, will in general show three 

different effects on lts newly formed surfaces. Firstly the atoms 

along the plane will be in a non-equilibrium state of higher energy. 

These atoms will tend to move to positions where they have less 

potentlal energy. This is called surface reconstruction. Secondly the 

outermost atomie layer rnay tend to move with respect to the secend 

atomie layer. The interatomie layer distance will then change with 

respect to layer distances in the bulk. This effect is called surface 

relaxation. It can also occur for the layer separation between the 

secend and the third atomie layer and somatimes even beyend that. 

Thirdly some atoms with large surface energies will try to migrate 

into the bulk, whereas atoms with a smaller surface energy will 

migrate from the bulk to the surface, thereby reducing the total 

surface energy. This is called surface segregation. 

Segregation, relaxation and reconstruction indicate that both the 

physical and chemica! properties of the surface may differ largely 

from the bulk. It is for this reasen that the knowledge of surfaces 

and interfaces is important in many industrial and scientific 

applications, such as eerrosion research, catalytic processes, 

chemica! reactions, adhesion, friction, crystal growth, the 

development of new rnaterials, semiconductor research, and lots of 

applications that deal basically with materials sticking together or 

with the prevention of materials sticking together. 



1.2 Surface science and ultra high uacuum techniques 

Surfaces are normally prepared and studled under carefully 

controlled circumstances. Freshly made surfaces can be very reactive 

due to an excess of surface energy. This implies that a fresh surface 

should not be in contact with air (oxydization) or other gases if the 

properties of the surface ltself are to be studied. Surfaces are 

therefore mainly prepared and studied in ultra high vacuum systems. 

This is done in order to be able to study a surface without it getting 

contaminated during the investigation. At a background pressure of 

10-4 Pa, and a sticking probability of 1 on a freshly formed surface, 

this surface would be contaminated with a monolayer of residual 

gas-atoms in one second. Therefore it should be clear that ultra high 

vacuum (UHV) systems are required with background pressures not 

exceeding 10-7 Pa. These UHV systems require special precautions and 

the use of selected materials. The materfals are selected on their 

outgass~ng behaviour at low pressures. Some typical materfals are: 

deoxydized copper, stainless steel, gold, platinum, quartz and some 

other ceramics as alumina. 

All materfals have to be bakeable up to at least 250°C in order to 

remove contaminants and adsorbates. Repeated bakeout significantly 

reduces the background pressure in the system. 

Most types of pumps used in UHV-systems are lon-getter pumps, 

titanium sublimatien pumps and cryogenic pumps. All these types of 

pumps are based on the trapping of remaining atoms in or onto some 

surface. 

A UHV-system also requires a sample introduetion system together 

with sample cleaning facilities such as: ion guns for sputtering, 

heating of the sample for annealing, and the availability of special 

gases e.g. oxygen for surface oxidization. 

1.3 Surface sensitive techniques 

Although some surface sensitive techniques date as far back as the 

early 1920's - Low Energy Electron Diffraction (LEED) was developed in 

1927 [1,2] -, the major breakthrough in surface analysis occured along 

with the development of UHV-systems in the late 1960's. 
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Most applied techniques are based on an incident beam of particles 

(neutrals, electrons, !ons, photon's etc.) and on the detection of 

emitted or reflected particles, which could be any of the 

aforementioned ones. The surface sensitivity of a technique is 

determined by either the penetratien depth of the incident partiele or 

the escape depth of the secondary particle . Some examples of surface 

analyzing techniques will be described below. 

A technique commonly used in surface composition analysis is Auger 

Electron Spectroscopy (AES, [3.~.5]). A narrow beam of electrens with 

energiesof 1.5 to 2 keV is focussed onto a sample. Such an electron 

is able to remove another electron from one of the inner shells of an 

atom in the surface. The created vacancy can than be filled by another 

electron coming from one of the outer shells (fig. 1.1). The 

Primary 
electron 
ban 

SCJIIPie 
lal 

Photollectron I 1s 112 1 

Saq1e 
I bi 

Fig. 1.1. Schematic representation of the energy 
Levels inuolued in (a) the Auger process and (b) 
the photoelectron emission process. 

transition energy that is released during this process can be absorbed 

by another electron in the outer shel l which will then be emitted from 

the atom. The kinatic energy of this last electron can be measured. 

Since this transition is characteristic for the element it was emitted 

from, it is possible to obtain a quantitative analysis of the surface 

composition . Closely related to AES is a technique called X-ray 

Photoelectron Spectroscopy (XPS, also Electron Spectroscopy for 

Chemica! Analysis, ESCA [6,7,8,9]). A soft X-ray souree (usually Mg-Ka 

or Al-Ka) is used to illuminate the substrate. The energy of the 

incident photons (1 - 1.5 keV) is used tofree an electron from one of 

the inner shells of a substrata atom (fig . 1. 1). The energy of the 
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Fig . 1.2. The electron inelastic mean free path in 
solids as a function of the electron energy. The 
figure represents an empirical fit for a large set 
of etements. 

emitted electrans is directly related to their previous binding energy 

and to the energy of the incident photons. By analyzing the energy 

spectrum of the emitted electrans it is possible to determine the 

surface composition . Both AES and XPS are surface sensitive due to the 

fact that the escape depth of the analyzed secondary electrans is 

about 5 to 10 monolayers (1-2 nm, fig. 1.2). 

Fig. 1.3. PrincipLe of the scanning tunneting 
microscope. The tip is brought close to the surface 
(5Ä) by using piezocrystal Z. 
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A far more recently developed technique is the Scanning Tunneling 

Microscope (STM, [10,11,12,13]). In this apparatus a very fine 

tungsten tip is held at a very close distance above a sample (fig. 

1.3). When a smal! voltage is applied across the gap between the tip 

and the sample a quantummechanical tunnel current through the gap can 

be observed. The tunnel current varles exponentially with the distance 

between the tip and the surface. The distance between the tip and the 

surface atoms can be measured by moving the tip in a lateral direction 

over the surface thereby keeping the current through the gap constant. 

The distance can be calculated from the movement which the tip bas to 

make in the z-direction in order to keep the tunnel current constant . 

Other common surface analysis techniques make use of ion beams as 

a primary sources. Both the scattered ions (Ion Scattering 

Spectrometry, ISS) and sputtered secondary ions (Secondary Ion Mass 

Spectrometry, SIMS [14,15,16] can be detected. SIMS bas been found to 

have high sensitivity and excellent separation power, however the 

extremely large differences in sputtered ion yield (over 5 orders of 

magnitude) and the lack of simple quantitative models make 

quantification a serious problem. 

In ISS three energy regimes can be observed. The low energy region 

with primary ion energies up to 10 keV is used to probe the outermost 

atomie layers (LEIS). Medium energy range (MEIS), (1Q-100 keV) 

ion-scatterers use channeling and blocking effects to investigate 

deeper layers of single crystals. In High Energy Ion Scattering (HElS) 
+ + mostly H and He !ons with energies up to a few MeV are used. These 

ions penetrate up to 1 ~ depth into the sample, which means that this 

technique is more often used to study interfaces or buried implants of 

materials. 

1.4 Purpose of the work done for this lasters Thesis 

In the past few years a novel type of LEIS-apparatus bas been 

developed in the Surface Physics Group of the Eindhoven Univarsity of 

Technology. This Energy and Angle Resolved Ion Scattering Spectrometer 

(EARISS) is designed to measure simultaneously the surface composition 

and the surface structure of a sample. Different parts of the 

apparatus have been shown to function according to our expectations in 
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the last few years. The purpose for this work was to show that the 

combined parts of the apparatus function as an integrated system and 

can be used for the aforementioned analysis. In the next chapter a 

short introduetion to low energy ion scattering will be given. 

Thereafter we wil! discuss the concepts and ideas of the EARISS. In 

chapter 4 we wil! discuss in more detail the heart of the ion 

dateetion system: the microchannel plates. Chapter 5 deals with the 

two dimensional dateetion system itself. In chapter 6 we discuss the 

signa! transmission and the analog electrical circuit. Chapter 7 

treats the digitization of the measured signals and the subsequent 

data processing. In chapter 8 we wil! discuss the first measurements 

to be performed on the EARISS apparatus. Chapter 9 finally deals with 

some suggested improvements which wil! have to be made for better 

performance and to be able to start actual surface studies. 
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Chapter 2. Low Energy Ion Scatterlnc (LEIS). 

2.1 Introduetion 

In a typical Low Energy Ion Scattering (LEIS) experiment 

(fig. 2.1) noble gas atoms (usually Ne+. He+ or Ar+) hit a surface. 

The reflected ions are detected and their energy is analyzed. The 

measured energies are directly related to the masses of the surface 

atoms whereas the intensities relate to the atomie abundancies in the 

first atomie layer. 

Primary ion beom 

(mass selectedl 

Energy 

-~~~ l 

crystal 

lscattered 
ion beom 

Fig. 2.1. PrincipLe setup of a scattering 
experiment . 

When an ion hits a surface several processas can occur. Firstly 

the ion can penetrate into the sub-surface layers where it can lose 

its kinetic energy by multiple scattering from atoms. One or more of 

these atoms can than be emitted from the surface. This effect is 

called sputtering. It always occurs in ion beam experiments. Secondly, 

the incident ion can be reflected from one of the surface atoms 

(fig. 2.2). This is called (back-) scattering. The scattering process 

can be understood in termsof a classica!, elastic collision [1,2]. 

This will be explained in the next section. 
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Fig. 2.2. Scattering of a nobte gas atom 
(Energy Et, mass Ni) from a surface atom (Mass Ma)· 
The ion is scattered over an angte 9 with a finaL 
energy Er. 

The scattering of an ion from a surface atom is caused by the 

nucleus-nucleus repulsive forces. The electron-configuration of the 

partiele plays an important role in the neutralization process which 

we will discuss in paragraph 2.3. Most incident ions (> 99 %) will be 

neutralized at the surface. This means that scattered-ien yields are 

usually low. Ions scattered from the secend or even deeper atomie 

layers have an even higher neutralization probability due to the fact 

that the time they spend in, or near the surface is much Jonger. lt is 

this neutralization probability which makes LEIS a surface sensitive 

technique. 

2.2 Theoreticat background 

The de Broglie wavelength of ions in the energy range of 1 keV is 

approximately in the order of 2•10-13 m. This is much smaller than the 

interatomie distance in solids which usually lies around 2•10-
10 

m. 

The consequence of this difference is that diffraction effects play no 

substantial role in the scattering process. The scattering of an ion 
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from a surface atom can in essence be understood in terms of an 

elastic two-particle interaction (binary collision). The 

nucleus-nucleus repulsive Coulomb-force is dominant in the scattering 

process. The electron configuration of the incident ion and the 

surface atom is not an important contribution to the elastic 

energy-loss of the scattered ion, but it does play a dominant role in 

the neutralization process. 

lt can be assumed that surface atoms are at rest during the 

collision with an ion. This is because the time associated with 
-13 

thermal vibrations of surface atoms (10 s) is much longer than the 

interaction time (10-15 s) associated with the collision process. It 

is only at low incident ion energies (< 100 eV) that the two become 

comparable. Furthermore, the thermal vibration energy is low compared 

to the incident ion energy (1 ... 10 keV). At 1000 K temperature of the 

sample, the vibrational energy of the surface atoms is about 10 eV. 

The ion-atom collision can now be treated as an elastic, two 

particl~ process with the target-partiele initially at rest. Using the 

classica! laws of conservation of energy and momenturn we can obtain 

the following expression (fig 2.2): 

(cos8 ± J(Ma/Mi) - sin
2eJ2 

(1 + M /M.) 2 
a 1 

(2.1) 

Where E is the ion energy, M is the atomie mass and 8 is the 

scattering angle. The subscript i denotes energy of the incident ion 

and the subscript f denotes the final ion energy after scattering from 

the surface atom. 

In expression (2.1) the + sign should be used forMa> Mi and the 

minus sign forMa~ Mi' provided that (Ma/Mi)
2 > sin

2e. From (2.1) it 

is obvious that the energy of the scattered ions is directly related 

to the atomie mass of the surface atoms provided that Ef' Mi and 8 are 

known. In our experiments we have a fixed scattering angle of 

8 = 145°, M. is very often the atomie mass of Ne+ (20) and the spread 
1 

!Ei is a usually a few percent of the primary energy Ei. 
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Inelastic energy losses are caused by direct energy transfer of 

the incident !ons to the electrens of the surface-atoms by 

electron-electron collisions, or by excitation of electrens or even by 

ionisation of either the surface atoms or the incident ions. Because 

of the large mass difference of the nuclei! compared to an electron 

mass, the movement of nuclei and electrens can be described 

separately. As we discussed above this rneans that the movement of the 

nuclei can be treated classically whereas the movement of the 

electrens should be considered quanturn-rnechanically. This leads to a 

forrnalism in which the ion approaches the atom, their electron clouds 

penetrate in each other and, depending on the distance of ciosest 

approach, one or more electrens interact. 

The description of the interaction potentlal of the ion-atom 

collision is based on the differentlal equation given by Thomas and 

Ferrni [3]. This differentlal equation can only be solved nurnerically, 

reasen why several authors have tried an analytica! approach. One of 

them is ·Molière [4], whose approximation is essentially based on the 

Coulomb-potentlal between two charged particles corrected by a 

correction factor. Another approach was made by Firsov [5], who used 

the same Coulomb-potentlal corrected by a screening function for a 

correction of the nuclear screening by the electron cloud. 

Therrnal vibrations and inelastic energy losses are not yet fully 

understood. Both effects lead to broader peaks in the LEIS-spectra, 

whereas inelastic energy-losses may also lead to a shift in the energy 

spectrum. 

2.3 NeutraLization 

The quantification of LEIS-spectra, and thus the deterrnination of 

atomie abundancies in the first monolayer, is complicated by two 

effects: neutralization and the scattering cross-section. The 
+ scattered ion yield Y is given by: 

(2.2) 

In this expression Y is the scattering yield of the primary ions at 

the target atoms and P+ is the corresponding ion fraction of scattered 
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+ particles: P = 1 - P , where P is the neutralization probability. n n 
Both Y and p+ depend on the ion-target combination under study. Y can 

be calculated from the scattering cross sectien a by using: 

(2.3) 

The scattering cross-sectien a can be calculated on the basis of a 

repulsive, screened Coulomb potentlal (e.g. the Thomas-Fermi-Molière 

approximation combined with a Firsov screening function as mentioned 

in the previous section). 

Since Y + Za and P+ + 1/Za (Za being the atom-number of the target 
+ + atom), the scattered ion yield Y = YP is approximately constant [6], 

with Za. In a first order approximation the scattering cross-sectien a 

wil! vary with sin-4(9/2) [7]. 

The neutralization process can be seen as an Auger neutralization. 

An electron of the target atom neutrailzes the ion and a secend 

electron can absorb the transition energy and be emitted. The effect 

is that inelastic energy-losses occur. The probability of an 

electron-transfer from the atom to the ion, decreasas exponentially 

with the ion-atom distance, and it also depends on the time the two 

electron clouds overlap. Analogous to the law of Lambert-Behr in 

classica! opties we can define an expression for the neutralization 

probability P+: 

(2.4) 

where v is the velocity of the ion parallel to the surface and = 
v is a sealing velocity dependent on the ion-atom system. The high 

0 

neutralization probability p+ and the short mean free path 

À = 10-4 nm of the ion in the solid, result in an extreme monolayer 

sensitivity with a dateetion limit of 10-3 of a monolayer. This 

extreme surface sensitivity can be alliviated by the use of alkali 

ions [8], which is often done in order to be able to study the 

structure of the second and even the third monolayer. 
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2.4 Surface structure tnformatton 

When we study the first monolayer of a crystal, using LEIS, we can 

obtain infonmatien about the surface composition as we have seen 

above. Besides this compositional infonmatien it is also possible to 

obtain information on the surface structure by making use of effects 

as shadowing and double collisions. These effects will be described 

below. 

,· . 
I 

• 

• 

Fig. 2.3. Each atom has a shadow cone: a region in 
mich no ions can penetrate. If the incident angle 
is such that the atoms B lie in the shadow cone of 
the atoms A, then no scattering from B is detected. 
An enhanced intens i ty on the edge of the shadow 
cone makes double collistons d.etectable (fig 2.5). 

Shadowing occurs when incident ions can collide with two different 

atoms (A and B) in a surface (fig. 2.3). Every atom bas its own shadow 

cone in which region no ions can penetrate. If we rotate the surface 

and choose the right incident angle in order that the atoms B are in 

the shadow cone of the atoms A. it is no longer possible to detect 

ions scattered from atoms B. Brongersma and Buck [9] have studled this 

effect for a Ni(001) crystal with a S c(2 x 2) surface layer (fig. 2.4 

a,b). In the <110) direction no shadowing of Ni-atoms occurs, whereas 
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Fig. 2.4.a. Structure of the Ni (001) + S c(2x2) 
surface. The sutphur atoms are tocated .12 nm aboue 
the first nickte tayer. 

Fig. 2.4.b. Ratio of the intenstties of the Ni- and 
S-stgnat as a function of the azimuthal angte ~. 
The angte of incidence and the scat tering angte are 
fixed. 

700 ~V N•• 

Nd0011 • s et2• 21 

45' 

in the <IOO> direction the Ni-peak disappears due to the shadowing of 

the Ni-atoms by the sulphur atoms in the top layer. 

Another effect that occurs when using shadowing effects is the 

focussing of ions along the edge of the shadow cone (fig. 2.5). The 

ion intensity at this edge will be higher than the intensity 

r/A 

3 
1/Á 

Fig. 2.5. Trajectories of incident and scattered 
ions at the scattering atom A. The enhanced ion 
intenstties are found at the edge of the shadow 
cone. 
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elsewhere. This focussing effect can be used to enhance the intensity 

of prirnary ions onto a second atorn (B) in order to obtain double 

collislons (fig 2.6.a), or blocking effects (fig 2.6.b) . 

• 0 
(al 

(b) 
.. .. 

' ' 

Fig. 2.6.a. Schematic representation of a double 
colltsion at a surface. The sum of the scattering 
angtes el Cll'1d e2 is equa.t to the angl.e between the 
primary ion beam. Cll'1d the detector. 

Fig. 2.6.b. Schematic representation of the 
blocRing of ions scattered from atom A by atom B. 
No ions scattered from A wilt be detected. 

0,7 

r I 

0 15 
I 

30 
l 
loS ,1_ 

1000 eV 
", .. 

Fig. 2.7. Intensity maxima for double col.tisions as 
a function of the second scattering angte e2 at a 
Ni-S surface. The totat scattering angte e1+e2 wns 
45°. 

These double collislons are the second effect that can be used in 

order to obtain structural inforrnation (fig. 2.7). lf inelastic energy 

losses are negligible, it is possible to use (2.1) for each individual 

collision. At a fixed angle between ion-souree and detector it is now 

possible to vary the angle of the incident ion bearn by rotating the 

sample, thereby varying the ratio of the scattering angles e1 and e2 
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(fig. 2.6.a). The intensity maxima for the different double collislons 

that are possible (A-A, A-B, B-B, fig. 2.7), show at what position the 

atoms A and B are located. Despite of the fact that double collislons 

have very high neutralization probabilities, we can 

study them by making use of focussing and small scattering angles. The 

scattering cross-section varles with sin-4(9/2) (§2.3) so that the 

gain in cross-section at small scattering angles 9 more or less 

balances the loss due to neutralization (2.4), which is caused by the 

larger parallel velocity v=. 

2.5 Mass resolution 

Experimental LEIS-spectra will always show broadened peaks, due to 

effects in the used ion source, the scattering process at the surface 

and energy analyzer imperfections. If we use a perfectly parallel, 

mono-energetic ion beam and a perfect energy analyzer, all 

contributions to peak-broadening will arise from inelastic energy 

losses and thermal vibrations (§2.3). 

The question whether atomie masses M and M + AM can still be a a a 
separated if we do neglect inelastic effects and thermal vibrations, 

largely depends on the scattering angle 9 and the rnass-ratio M /M .. 
a 1 

From 2.1 we deduct: 

2 2 eJ 2 (M /Mi) -sin 9 +cos (M /M.) a a 1 

. 29 -s1n 
(2.5) 

Hellings [10] has shown that an optimum mass resolution is obtalned 

for relatively large scattering angles (9 > 135°) and small (but not 

extremely smal!) values of the rnass-ratio M IM .. A larger scattering a 1 

angle has the disadvantage that the scattering cross-section 

decreases, thus the scattered ion yield wil! be lower. 

2.6 Practical aspects, LEIS and EARISS 

As mentioned above LEIS has the disadvantage of high 
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neutralization of primary ions at the surface. Thus scattered ion 
E•itttd particlts (• .- ,0,•1 

( I 
I 

Fig. 2.8. Energy transfer in a scattering process. 
The incident Ar+ ion witt disturb the atomie order 
in the surface region. Sputtered atoms (Btack dots) 
receive enough energy to be emitted from surface 
region A. Large distocations occur in region B, 
whereas reversibte tattice disorder occurs in 
region C. 

yields are relatively low. Another unwanted effect is sputtering 

(§2.1) (fig. 2.8). This causes darnage to the surface, and structural 

information can be lost. Sputtering yields can also differ for 

different elements [11,12], which makes quantification a serious 

problem. 

lt can be concluded on these arguments that a low primary ion close 

is necessary, which implies that we have to make an efficient use of 

scattered ions. Energy and Angle Resolved Ion Scattering Spectroscopy 

(EARISS) offers this possibility. Most conventional LEIS-apparatuses 

have an ion detector with a smal! opening angle [10], and an 

electrostatle energy analyzer which is only able to detect one energy 

at a time. This means that energy scans have to be collected at 

several positions of the sample, thus implying long measuring times 

and comparatively high ion beam damage. 

The EARISS-apparatus (or simply EARISS) has a nearly full 

azimuthal opening (320°) and it has an energy analyzer that does not 

necessarily require scanning of the energy spectrum. This means that 

!ons of one fixed scattering angle are effectively collected over a 

nearly full azimuth and their energy is analyzed at the same instant, 

thus diminishing measuring times by about 4 orders of magnitude. 
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Effectively we could speak of the EARISS detector having 10,000 

conventional ion detectors, if we determine the resolution in both the 

angular and the energy to be 1%. This results in low damage conditions 

whereas the usual LEIS-advantages such as very high surface 

sensitivity, a simple mass identification and structural information 

by use of shadowing or double collislons are still part of the 

technique. The EARISS apparatus wil! be discussed in the next chapter. 
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Chapter 3. The EARISS-apparatus. 

3.1 Introduetion 

The Energy and Angle Resolved Ion Scattering Spectrometer EARISS 

was developed in recent years at the Eindhoven Univarsity of 

Technology in the Surface Physics Croup. lts purpose was to improve 

the detection efficiency of conventional LEIS apparatuses, by making a 

more efficient use of the scattered ions. lts energy analyzer and 

detection system are constructed in such a way that the detection of 

energy and azimuthal distributions is possible simultaneously, thus 

eliminating the need for energy scans and target rotation. This 

results in low damage conditions during the experiments. 

EARISS uses a fixed scattering angle of 9 = 145° when the central 

ion souree is used (§3.3). The azimuthal opening of the analyzer is 

about 320° (§3.4). This means that a cone of scattered ions is 

accepted by the analyzer. The detector/analyzer system determines both 

the azimuthal angle and the energy of the scattered ions. In this way 

mass- and structural information of the sample being studied, are 

collected at the same time. In the next paragraphs we wil! discuss the 

location of all components in the vacuum system (§3.2), the central 

ion souree (§3.3), the energy analyzer (§3.4) and the detection system 

(§3.5). 

3.2 The vacuum system 

A UHV system for surface analysis wil! usually contain different 

analyzing and preparatien techniques mounted on one central 

UHV-chamber. 

The EARISS-apparatus (fig. 3.l.a,b) does have several of these 

features. The central vacuum chamber is constructed as a sphere in 

order to facilitate the access of different techniques to the surface 

of the sample which is placed at its center. The target is placed on a 

manipulator which allows translation along the x, y and z axis and two 

rotations: one around the y-axis and one around the z-axis. The 

central ion souree is placed at the top of the central vacuum chamber. 

It is capable of producing He+, Ne+ and Ar+ ion beams (an alkali-ion 
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souree wil! be installed in the future). A sputter ion gun allows the 

in situ cleaning and depth profiling of the sample. The sample can be 
0 heated up to 800 C for annealing purposes. The result of the cleaning 

of the sample can be studled using the LEED-apparatus situated on the 

leftof the vacuum chamber (fig. 3.1.b). Along the y-axis we have a 

sample introduetion system which is used to transfer 

. .J 

lubftmetlon 

"""'" 

kNI gun 

50 .... 

.......... - Ion ...... """'" 

• 10 .... 

(e) (b) 

Fig. 3.1.a. The EARISS-apparatus. The primary ion 
souree is located at the top of the centrat vacuum 
chambers. The target can be transtated and rotated 
using the manipulator. The target introduetion 
system is located on the left. 

Fig. 3.1.b. The EARISS apparatus. The figure shows 
the location of the sputter ion gun and the target. 
The analyzer is shown with a dotted line. 

samples into the vacuum system. lt is possible to store several 

samples in a separate storage chamber. 

The quadrupole mass analyzer which is located below the central 
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vacuum chamber is used to obtain a rnass-spectrum of the residual 

gases. 

Net shown in this picture are the gas-iniets for reactive gases 

meant to oxidize the surface or adsorb monolayers of a gas. The system 

is pumped by saveral ion getter pumps and a few titanium sublimatien 

pumps which have LN2-cooled screens. 

In the future saveral ether surface sensitive techniques will be 

mounted in ether vacuum chambers which will then be interconnected to 

this system. These chambers wil! contain facilities for Spot Profile 

Analyzing (SPA-LEED), Reflected High Energy Electron Diffraction 

(RHEED) and ellipsometry. On the right of figure 3.1.a a Time Of 

Flight (TOF) analyzer will be installed which wil! be operational in 

the near future. 

3.3 The central ion souree 

flrat 

Einze I 

Ie na 

aecond 

Einze I 

.... 

deflectlon platea 

Fig. 3.2. The central ion source. The tonization 
chamber contains a set of filaments around a 
cilindrical grid. The ions produced inside the grid 
are extracted by the first Einzel lens. They pass 
through the second Einzel lens and a set of 
deflection plates. 
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The energy spread of the peaks in the scattered ion energy 

spectrum depends largely on the quality of the central ion source. 

Primary ions (He+. Ne+ or Ar+) are produced in an ionization chamber 

containing the appropriate gas at a pressure of 10-4 to 10-2 Pa. 

!ons are produced by acealerating electrans from a filament (fig. 3.2) 

through a cylincrical metal grid. The electrans have enough kinetic 

energy to ionize the gas inside the metal grid. These ions are then 

extracted and focussed by the first Einze! lens. Next the ions are 

focussed by a second Einze! lens, after which they pass a set of 

lateral deflection plates. These are used to deflect the ions slightly 

into the direction of the sample. The ionization chamber, the 

extraction plate and the first Einze! lens are at a high potential 

corresponding to the ion energy. The other lenses are at a low 

potential. 

The ion beam is then mass-seperated by a Wien filter (not shown). 

This filter consists of crossed magnetic and electrastatic fields 

which eliminate charged particles in the beam with another mass to 

charge ratio than the desired one. The mass separation AM11M1 is about 

10%. Following the rnass-filter there is an aperture with a variabie 

opening size (openings of 0.3, 1 and 3 mrn). After that the ions pass 

through two more Einze! lenses and four deflection plates. These 

lenses and deflection plates determine the spotsize and spotlocation 

on the sample surface. The energy spread was measured to be relatively 

low (AE/E ~ 1%). Due to the number of filters and lenses, the beam 

intensities are rather low (~ 100 nA at 3 keV Ne+). As a consequence a 
+ sputter Ar -ion gun is needed to clean and profile the surface 

(§3.2). 

3.4 The energy analyzer 

!ons coming from the central ion souree hit the target surface at 

a normal incidence. !ons wil! be backscattered in a 2w solid angle. 

The ions scattered over 1~5° can be accepted by the entrance slits of 

the energy analyzer (fig. 3.3). These slits have a circular shape. 

They will accept all ions over a full 360° azimuthal range. The secend 

slit has three 2° holes in it. These holes are needed to support the 
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inner part of the energy analyzer. Since the ion beam can not be 

focussed infinitely sharp, there will always be some ions having a 

smal! radial velocity. This leads to spiralling tracks in the 

slit/analyzer system. In the future these tracks wil! be eliminated by 

the azimuth selector. This selector intercepts ions with too large 

azimuthal velocities. Hellings [1] has shown that either the size of 

the primary ion beam should be kept below 0.5 mm diameter, or an 

azimuth selector should be used. This selecter wil! consist of a set 

of thin plates with narrow slits in a radial direction. Up to five 

plates wil! be placed accurately bebind each ether in order to insure 

the selection of ions rnaving in the same meridian plane. Spiralling 

ions may effect the azimuthal angular resolution but they wil! have no 

significant effect on the energy resolution 

lf the slits are nearly closed, the spread in the scattering angle 

wil! be quite limited. This means that the spot on the target from 

where we detect backscattered ions wil! be very smal!. lf this spot 

colneldes with the ion beam center, spiraling ion tracks wil! be kept 

to a minimum. 

After the ions have passed the secend slit, they pass through an 

electrostatle zoomlens [2,3]. This lens has two functions. Firstly it 

can focus the ions on the entrance of the analyzer system. Secondly it 

can accelerate or decelerate ions in the direction of their movement, 

thereby changing their energy. The zoomlens consists of five elements. 

The first is held at a ground potential. The secend and third elements 

are mainly used for focussing purposes. The fourth element is used to 

accelerate or decelerate the ions. The last element is a so called 

Herzog element. lt is used to reduce fringing fields at the analyzer 

entrance. lts potentlal is always the same as that of the fourth 

element: the two are interconnected. The zoomlens is mostly used to 

vary the entrance energy of the analyzer, thereby selecting a part of 

the energy spectrum. An ion coming from the target with an energy Ef 

which passes through the zoom lens with a potentlal v3 on the last 

sectien of the lens (elements four and five) wil! enter the analyzer 

with an energy E : a 

(3.1) 
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Where q is the charge of the ion (usually equal to the elementary 

charge e = 1.6 10-19c), and v3 is negative when positive ions are 

accelerated in the zoomlens. 

The real energy selection is done in the double toroirlal energy 

analyzer (fig. 3.3) [1]. It consists of four segments which are 

sections of a torus. Plates A and B deflect the ions towards the 

central axis of the analyzer. Plates C and D deflect the ions into a 

paraxial track and focus them onto the detector. 
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Fig. 3.3. The zoomlens and analyzer of the EARISS 
apparatus. Backsenttered ions pass through the 
slits and the azimuth selector {not installed yet) 
after that they are focussed and accelerated in the 
zoomlens. Their energy is distributed radially over 
the first channel plate by the analyzer elements a, 
b, c and d. The Hertzorg element reduces fringing 
fields. The skimmers capture ions leauing the 
analyzer at too large angles. The channel plates 
produce an electron cloud for each ion. This 
electron cloud is postaccelerated towards the 
collector where its point of impact is measured. 
The gap between the second MCP and the collector is 
flanked by the inner and outer conducting layers. 
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The energy analyzer is calculated and constructed in such a way 

that only those ions in a smal! energy spectrum 6E around a central 

pass-energy E wil! hit the detector. Ions entering the analyzer with 
p 

an energy E (3.1) wil! come out of the analyzer if: a 

Where 6E is about 6%. 

(3.2) 

The potentials on the plates are related to the potentlal v
3 

on 

the last zoomlens plate. The potentials on the analyzer plates should 

now be set as follows [1]: 

V = 2E * 0.13853 a p 
vb = -2EP * 0.17069 

V = -2E * 0.13672 c p 
vd = -2EP * 0.17574 (3.3) 

Where all potentials are relative to v3 . 

By scanning the potentlal v3 we are able to scan the energy 

spectrum (the pass energy E is constant). !ons with a larger energy 
p 

wil! not be deflected as much in the analyzer as ions with a lower 

energy. This means that the energy of the ions is converted to a 

radial energy distribution at the end of the analyzer, with high 

energy ions coming close to the axis of the detector and low energy 

ions coming close to the outer edge of the detector. 

At the end of the analyzer sections we have mounted another Herzog 

element which has the potentlal as v3 • plus or minus 200V. The ions 

travel a short distance (field free region) before they reach the 

detector. This region is bounded by skiromers which capture all ions 

leaving the analyzer with too large deflection angles. This skimmers 

are connected to the Einze! lens. In figure 3.4.a,b the deflection 

plates and the zoomlens are clearly visible. 
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Fig. 3.4.a,b. The toroidal analyzer segments and 
the elements of the zoomlens. 

3.5 The detection system 

As we have discussed in the last section, the energy analyzer 

converts the energy spread of the !ons in a radial distribution. This 

means that, when the exact location of each incoming ion on the 

detector is measured, we will have an energy distribution in the 

radial direction and an azimuthal distribution as a one to one 

projection of the structure of the sample surface. 

The function of the detection system is now to determine for each 

ion its exact point of impact. This has to be done at a very high 

countrate (> 105 counts/s) in order to make full use of the detection 

efficiency. The detector assembly (fig. 3.5) consists of a set of 

microchannel plates (Chapter 4) and a charge collector (Chapter 5). 

The channel plates are sensitive to ion impacts. They produce an 
6 electron cloud (~10 electrons) for each incident ion. The electron 

cloud falls onto the charge collector where strip sets determine lts 

center. The measured center of the charge cloud corresponds to the 

point of impact of the !ons on the first channel plate . 
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Fig. 3.5. The detector array showing the pipe {A) 
through unich the prima.ry ion beam passes. The pipe 
is isolated from the high voltage on the detector 
by ceramic material first ICP {G) after passing 
through the last Herzog element {E) and the 
skimmers {F). The electron clouds emitted from the 
second ICP {H) are measured on the charge collector 
{K). The inner and outer conducing layers {L) are 
electrically connected at the bottom {H) to the 
back of the second HCP and at the top {N) to the 
detector holder {K). The mixed angle of the charge 
collector is shield by the strip {R). 

A three dimensional picture of the whole analyzer and detector 

assernbly is given in figure 3.6. 
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Fig. 3.6. Three-dimensional view of the 
EARISS-energy analyzer and detection system. The 
primary ions coming from the central ion source, 
move along the stainless steel tube A, through the 
tast Einzel lens B and the deflection plates C onto 
the sample D. The scattered ions are accepted by 
the circular slits E and F after which they are 
postaccelerated by the zoomlens G. The last element 
of the zoomlens H determines the energy of the 
particles entering the analyzer. All charged 
particles are deflected by elements K and L whereas 
neutrats can pass through one of the four holes ]. 
They can be used to determine the relative amounts 
of neutrats and ions. After the ions pass the 
second set of elements N and N they hit the 
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channel plates P. An electron cloud produced by 
these channel plates will hit the charge collector 
Q where the charge is used to determine the radiaL 
and azimuthal pos i ti on of the charge cl oud and 
hence of the incident ion. The skimmers R are used 
to eleminated ions teaving the analyzer at too 
large angles. 
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Cbapter 4. Mlcrochannel Plates. 

4.1 Introduetion 

Microchannel plates (MCP's) are an assentlal part of the EARISS 

dateetion system. They convert the signa! coming from an incident ion 

into a measurable electron cloud. The electron cloud can be detected 

by the charge collector. 

./:: éLEC'niODING 
/ ,..,... CACH FACE) 

Fig. 4.1. Schematicat representation of a 
microchannet ptate. The channet diameter is 12 ~. 
the channet pitch is 15 ~· the ptate diameter is 
46 mm. 

A MCP consists of a thin glass plate with a matrix of very smal! 

channels (12 ~diameter, 15 ~pitch). (fig. 4.1). Each of these 

channels behaves in the same way as a single channel electron 

multiplier, or channeltron [1]. The channels are internally cladded 

with a material that easily emits secondary electrens when excited by 

some primary partiele (These could be ions, neutrals, electrons, 

photons etc.). The secondary electrens are accelerated towards the end 

of the channel. However since the channel has limited dimensions, they 

wil! frequently hit the walls thereby causing them to release more 

secondary electrens (fig. 4.2). This causes a cascade or avalanche of 

electrens which finally escapes from the channel as a smal! charge 

cloud containing about 103-104 electrens depending on the 

length-diameter ratio of the channel and the voltage across the 

channel plate. 
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Fig. 4.2. Electron avalange caused by primary 
radiation in a single channel electron multiplier. 

Two of these MCP's are used in the EARlSS-detector so that gains 

of 106-10
7 

electrens per incident ion can be reached. This setup of 

two MCP's is called a chevron configuration [2]. 

Since only one channel is excited at each ion incidence, the place 

where the ion hits the MCP surface is the same as where the electron 

cloud leaves the MCP. Thus the radial- and azimuthal infonmatien are 

conserved during the amplification process. 

In the next sections we will discuss the gain of the chevron 

configuration (§4.2), the pulse height distribution of the electron 

clouds (§4.3), the enlarging of the charge cloud in freespace (§4.4) 

and some common operatien problems we have encountered during the 

operatien of the MCP's (§4.5). 

4.2 Specifications and gain 

The chevron configuration used in the EARISS-apparatus consists of 

two Philips-Mullard microchannel plates, type C12-46DT/O and 

C12-46/13. Both have an outer diameter of 46 mm of which 42 mm is 

effectively useful. A hole has been made in both channel plates, 

through which the primary ion beam passes. (fig. 4.3.a). Both channel 

plates have 12 ~ channels with a 15 ~pitch. The first channel 

plate, on which the !ons impinge is 1 mm thick. The second MCP has a 

0.5 mm thickness. The latter plate has its channels placed under a 13° 

angle with respect to the surface normal. Characteristics of both 

channel plates are shown in tabel 4.1. 



-37-

IJ 

11 
,, I 

lal 

c:::.:. = = - = = = r:=:t-= ~ 0.2 

(b) 

Fig. 4.3.a. Dimensions of the channelplates in mm. 
The hole is meant for the prima.ry ion beam. 

Fig. 4.3.b. Gold plated gtass ring used for 
apptying a voltage between the channet plates 
(dimensions in mm). 

C12-46/13 C12-46DT/O 

Plate diameter 46.0 111111 46.0 
Usefull diameter 42.0 mm 42.0 
Plate thickness 0.5 mm 1.0 
ehannel diameter 12.5 JlDl 12.5 
ehannel pitch 15.0 JlDl 15.0 
Open area 60 % 60 
Electrode material Ni-cr + Pt Ni-cr + Pt 
Plate resistance 30-100 Mn 60-200 
Channe 1 angle 13° 00 
Lenght/diameter 40 80 
Maximum temp. 300 oe 300 

mm 
mm 
mm 
JlDl 
JlDl 
% 

Mn 

oe 
Ca in 3 103 (lOOOkV) 104 (1200kV) 

Tabte 4.1. Bpecifications of the used mierochonnet plates. 

The gain of a single channel electron multiplier is given by [1]: 

c = ( 4. 1) 



Where: 

-38-

V is the voltage across the channel , 

V is the initia! of the emitted 
0 

energy secondary electrans 

a 

A 

(~ 1 eV), 

is the length to diameter ratio, 

is a constant (A ~ 0.2). 
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Fig. 4.4. ELectron gain of a cascade of two 
microchannet ptates as a function of the apptied 
vottage per ptate. 

In figure 4.4 we have plotted a typical gain curve of a 

microchannel plate [2]. The channel plates are separated by a thin 

glass ring (0.2 mm thick). This ring has a circular gold contact on 

both sides. (fig. 4.3.b). lt is used to apply a voltage across the gap 

between the channel plates. Furthermore it functions as a contact for 

the high voltage which has to be applied to the channel plates. The 
3 first channel plate will produce a smal! charge cloud (10 electrons) 

for each of the incident ions. This charge cloud 

escapes from one channel into the region between the plates. The 

electrans in the cloud have an initia! velocity. This velocity plus 

the space charge forces are the cause of the charge cloud expansion. 
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By varying the voltage across the gap we can influence the time 

the electrens need to cross the region. Thus we can directly influence 

the size of the charge cloud when it strikes the second channel plate. 

This wil! be discussed in more detail in §4.4. 

Fig. 4.5. Output current of a singte channet ptate 
as a function of the input current at different 
vottages across the ptate. The output current 
increases tinearty with the input current untit the 
output current reaches a vatue of about 108 of the 
standing current through the ptate. This is catted 
current saturation. 

In a channel plate two saturation effects may occur: current and 

space-charge saturation. Current saturation occurs when the channel 

plate input current reaches the order of 10% of the DC-current through 

the plate [2] (fig. 4.5). Effectively this means that the channels do 

not get enough time to reeover from a previous trigger of the channel. 

This recovery time can be calculated as follows. The effective usefull 

area of the channel plate is calculated from figure 4.3.a to be: 

v(212-1o.52) = 1040 mrn2 . Since the hexagonal matrix consists of 

channels with a 15 ~ pitch we have 5128 channels per mm2 . In total we 

have about 5.3•106 channels. The resistance of the channel plates was 

measured to be 600 MO and 50 MO for the 1 mm and 0.5 mm plate 

respectively. Their channels thus have a resistance of 3•1015 and 

2.6•1014 n respectively. 
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Assuming that the MCP's are filled for 40% with Corning 8161 glass 

(relative dielectric constant~ = 8.3), we can calculate the plate's 
r 

capacitance C using: 

~ (0.4 ~ + 0.6)•A 
c 0 r = d (4.2) 

Where: is the dielectric -12 
~ constant of vacuum (8.85•10 C/V), 

0 

A is the effective surface area (1~ mm2), 

~ is the relative dielectric constant (8.3), and r 
d is the channel plate's thickness. 

In our case C is calculated to be about ~ pF for the 1 mm plate and 

about 70 pF for the 0.5 mm plate. The capacitance per channel is then 

7•10-18 F and 13•10-18 F respectively. The recovery time T can be 
r 

calculated with: 

Where: Rchannel is the channel resistance and 

cchannel is its capacitance. 

(4.3) 

Using the calculated values we obtain Tr1 = 22 ms and Tr2 = 4.5 ms. 

From the above calculations it results that channels should not be 

triggered more often than once every 200 ms; thus limiting the 

countrate per channel to about 5 counts/s. For the channel plate as a 
7 6 whole, we should not exceed a countrate of ~ 3.0•10 cts/s (at 6•10 

channels effectively), assuming we have an homogeneous input 

distribution. Another way of expressing this maximum number is per 

unit surface area: this would amount to a maximum of 22.000 
-1 -2 ions s mm 

Space charge saturation is another effect that can occur at larger 

amplifications. In that case the number of electrens in a channel is 

so large that their negative space charge prevents other electrens to 

escape from the walls of the channel. Because of the large number of 

electrans which have formed the charge cloud, the wal! remains 
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positive. As we have calculated above this positive charge is 

recovered in a characteristic time of a few ms. Since the total pulse 

duration of the firing of a charge cloud from a channel is about 1 ns 

[3], the positive charge on the wall is a further harrier for the 

escape of secondary electrons from the wal!. 

The consequence of the negative space charge and the positive 

charge rernaining on the wal! wil! be that the electrical field 

originating from the applied high voltage is nearly completely 

compensated. Therefore the electrons in the cloud wil! no longer be 

accelerated towards the end of the channel and the size of the charge 

cloud will remain constant. As a result the pulse height distribution 

of a channel plate oparating in a space charge saturated mode will 

show a preferred charge cloud size. These pulse distributions wil! be 

discussed in the next section. 

The dateetion efficiency of a MCP is defined as the fraction of 

the incident particles which produces a rneasurable charge cloud at the 

other end of the channel [4]. lt depends on three factors: the 

secondary electron emission coefficient, the geometry of the channel 

and the gain of the MCP. 
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Fig. 4.6.a. The detection efficiency of a 
mierochonnet plate as a function fo the energy of 
incident positive ions and neutrals. 

Fig. 4.6.b. The detection efficiency for ions of a 
microchannelplate as a function of the impact 
angle. 
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The secondary electron emission coefficient of the channel wal! 

depends largely on the kind of the primary particle, its angle of 

incidence and its energy. The detection effiencies for noble gas ions 

and lts dependenee on energy and incident angle is shown in 

figure 4.6.a,b. From these figures it can be seen that there is an 

optimum efficiency at 10 keV ion energy and a 15° impact angle. The 

energies we have used usually varled from 1 to 5 keV. However, the 

energy spread of the ions leaving the analyzer is about 6% of the 

analyzer pass-energy (§3.4). This means that differences in detection 

efficiency due to energy variations of the detected ions wil! not be 

very large. Much more important is the difference in detection 

efficiency due to variations in impact angle. The ions leaving the 

energy-analyzer wil! hit the first channel plate under angles varying 
0 0 0 from -6 to +12 (fig. 4.7). Those ions with impact angles close to 0 

wil! have a relatively smal! detection efficiency (fig. 4.6.b) due to 

the fact that they can penetrate very deeply into the channel before 

they hit the channel wal!. 
e = o• 

Fig. 4.7. The ions teaving the analyzer impinge on 
the first channel plate with angles between -6° and 
+12°. 

This effect is demonstrated in figure 4.8 in which we have plotted 

the detected countrate versus the potentlal v3 on the 

zoomlens. This potentlal can be used to scan the energy distribution 

of 2 keV Ne+ ions scattered from a Pt surface. The dip in the central 

peak of the figure is caused by the reduced detection efficiency for 

ions with incident angles close to 0° with respect to the MCP-normal. 
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Fig. 4.8. The detected count rate of incoming ions 
as a function of the potenttal v3 on the zoomlens. 
The llea1l pecik shows a dip due to the normal 
incidence of the ions. The small peciks befare and 
af ter the main peciks arise from neutrats. The 
background rises towards high acceleration voltages 
due to the detection of sputtered ions. 

We have chosen the second MCP in our chevron construction to have 

channels with a 13° angle with respect to the MCP-normal. This was 

done to prevent ionic feedback. Ionic feedback is an effect which 

occurs at high gain MCP configurations. When an escaping charge cloud 

has enough energy, it is able to ionize atoms from the residual gas. 

These ions wil! be accelerated in the opposite direction, where they 

are able to produce another cloud of secondary electrons. This effect 

depends on both the size of the charge cloud and on the background 
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pressure in the system. A continuous discharge is possible if the 
-3 pressure reaches values of above 10 mbar. Cenerally, there are two 

ways to prevent ionic feedback: it is possible to use curved channels 

(J-shaped channels in MCP's or spiralized channels in channeltrons) or 

to use channels with an angle with respect to the surface normal. Both 

solutions try to minimize the length of the path an ion can travel 

befere it hits the channel wall, thereby minimizing the possible size 

of the secend charge cloud. Amplifications of the order of 108 are 

possible. It should be noted that we have taken the secend solution. 

Curved MCP's were not readily available at the time the detector was 

constructed. 

4.3 Pulse height distributions 

As we have discussed in the last section, space charge saturated 

channels have a preferred electron-cloud size. In unsaturated channels 

the formation of charge clouds is a purely statistica! process. This 

is the reasen that the pulse height distribution of unsaturated 

channels is an exponentlal function [1]: 

Where n(q) is the number of counts with charge size q, and 

are some normalizing factors. 

50 100 

n, 
0 

channel 

Fig. 4.9. Unsaturated pulse height distributton of 
the chevron construction. 

(4.4) 

and q 
0 
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An unsaturated pulse height distribution is shown in figure 4.9. 

The electron clouds escaping from the first channel plate have an 

unsaturated pulse height distribution. When they pass the region in 

between the channel plates they spread out due to their initia! 

velocity distribution and due to space charge forces. By tuning the 

voltage across the gap between the MCP's, we are able to influence the 

size of the electron cloud when it arrives at the second channel 

plate. Thereby we are able to focus or defocus the charge cloud. This 

means that we have a way of varying the number of electrens that 

excite the channels of the second channel plate. As a result we can 

drive the channels of the second channel plate into space charge 

saturation by applying a larger voltage to the intarplate region. This 

is shown in figure 4.10, where we have plotted the pulse height 

distribution of our chevron configuration eperating in a space 

saturated mode. It is clearly shown that certain charge cloud sizes 

prevail. 

40 

10 

200 

Fig. 4.10. Saturated putse height distributton of 
the chevron construction showing a preferred charge 
ctoud. 

The reason we want the second channel plate to operate in space 

charge saturation, is that it is of advantage to have a narrow pulse 

height distribution: one can easily discriminate noise coming from the 

preamplifiers from real pulses by setting a level discriminator. A 

narrow distribution requires a smaller dynamic range for all further 

signa! processing. In order to operate the EARISS detector in a space 

charge saturated mode we should at least apply lSOOV across the first 

channel plate, 200V across the gap between the plates, and 1200V 

across the second channel plate. 
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Knibbeler [5] has shown that it is necessary to take the pulses 

from both the front and the back of the secend channel plate to obtain 

a signa! for the total charge in a charge cloud. The way in which we 

measure the size of the emitted charge cloud is discussed in 

chapter 6. 

4.4 Spread of the charge cloud 

The electrens leave the channel with a certain angular and 

velocity distribution. As we have explained in the last section, the 

electrical field applied between the two channel plates determines the 

size of the charge cloud on the surface of the detector. 

Schat [6] has calculated the spread of the charge cloud between 

the first and the secend channel plate, with the assumption that the 

farces on an electron due to the charges of the ether electrens are 

negligible compared to the force on the electrens by the electrical 

field originating from the voltage applied across the gap. His 

calculations on the radius of the charge cloud are presented in 

table 4.2. 

vt. 2 (V) Rlle (J..UD) 

50 115 
100 100 
200 78 
400 69 
800 60 

Table 4.2. The 1/e radius of 
the electron cloud as a function 
of the voltage across the gap. 

The desired radius is determined on the basis of the need of space 

charge saturation and on the demand to prevent current saturation. The 

first restrietion yields (§4.2): 

(4.5) 

where n is the number of electrens entering a channel in the secend 

MCP, and A
2 

is the amplification of the channel. The secend 

restrietion yield: 
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(4.6) 

where C is the maximum allowable count rate per channel (C = 5 cts/s) 

and the factor 2•106 is calculated from the current through the 

channel at 1200 Volts across the plate. Current saturation then limits 

the pulse current to a value of 10% of the calculated DC-current 

through the channel. From the above equations and assuming the maximum 

countrate C to be 5 cts/s, we conclude: 

(4.7) 

The value of n is determined by the number of electrens coming from 

the first channelplate. lf we take the gain of the first MCP to be A1. 

and we assume that the electrens leaving the first MCP distribute 

themselves over a channels in the second plate we obtain: 

(4.8) 

Our amplifiers are not able to handle count rates of more than 

105 cts/s if the average charge equals 1 pC. This restricts the 

overall amplification A1A2 to 6•106 . From these arguments we conclude 

that: 

6<a<60 (4.9) 

The spread of the charge cloud between the two channel plates should 

therefore be restricted to a number of 60 channels on the second MCP. 

This is a radius of 15 ~·~ = 0.1 mm. The lower limit yields a 

minimum radius of 27 ~· 

The calculations of Schat [6] were based on the assumption that 

the spreading of the charge cloud due to the space charge was 

negligible. The acceleration of an electron caused by the electrical 

field between the channelplates if given by: 

(4,10) 
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where aE is the acceleration, q
9 

is the elementary charge. v1•2 is the 

intarplate voltage, m
9 

is the electron mass, and o1.2 is the distance 

between the MCP's. 

An electron at the edge of the charge cloud wil! in a first order 

approximation experience an electrical force from the other electrons: 

a 
s (4.11) 

where n is the number of electrans in the cloud, and R is the cloud 

radius, ê is the permittivity of vacuum (ê = 8.85•10-12). and a is 
0 0 s 

the acceleration due to the space charge. lf we take n = 103 and 

R = 6 ~we can calculate a to be 7•1015 ms-2 . lf we take s 

v1 .2 = 200 V and o1,2 = 0.5 mm we can calculate aE to be 2•1017 ms-2 

The difference is about 2 orders of magnitude and therefore the farces 

due to the space charge can be neglected in the region between the 

channel plates. 

The charge cloud leaving the second MCP bas to cross the gap 

between the MCP and the charge collector. lf we look at this region 

(fig. 3.3). we have A) a lower electrical field strength between MCP 

2 and the collector and B) much larger electron clouds. 
15 

lf we take v1•2 = 200 V and o2 .c = 17 mm we have aE = 2.0•10 

~ 6 ms If the charge cloud bas about 6•10 electrans on a radius of 50 
17 -2 

~we have: a = 6•10 ms which is 2 orders of magnitude larger 
s 

than aE. Therefore in this case space charge is the main reasen for 

the expansion of the charge cloud. Rees et al. [7] have measured the 

radius of a charge cloud to be of the order of 1.5-2.5 mm (1/e value). 

The distance between their channel plate and detector was 15 mm and 

the applied voltage was 200 V. At these radii a is about 3.8•10
14 

s 

ms-2 which is smaller than aE. Therefore we can assume that a further 

expansion of the charge cloud beyend this radius, is almast linear 

(fig. 4.11). In the calculations of Rees et al. [7]. the electron 

cloud takes about 3.5 ns to travel from the MCP to the detector. In 

our detector configuration this is about 5 ns. The time needed for an 

electron to travel across the potential difference between the secend 

MCP and the charge collector is given by: 
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where t 2 is the time needed for travelling from MCP-2 to the 
,C 

( 4. 12) 

collector, and v2 is the potentlal difference between those two. 
,C 

Since we assume the further expansion to be linear, we can calculate 

the radius of the electron cloud to be: 

D = A 2,c 

Jv2,c 

(4.13) 

where R11e is the radius of the cloud at 1/e of the maximum (fig. 

4.11), and A is a factor which can be estimated from the data given by 

Rees et al: (D2 = 15 mm, v2 = 200 V) 
,C ,C 

R11e = 1.5 mm yields A= 1.4 

R11e = 2.5 mm yields A = 2.4 
( 4. 14) 

Using the above data we are able to calculate the size of the charge 

cloudat the EARISS charge collector (§5.2). 

R1te 

(mml 

3 

2 

2 3 

t (nsl 

4 s 

Fig. 4.11. The radius of the charge clouds arriuing 
on the collector from Rees et al. [7]. 
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4.5. COmmon operating probtems. 

During some of our first experiments we noted sudden instahilities 

in the current through the MCP's. These were thought to originate from 

electrical discharges through the MCP's which causes a sudden drop in 

the MCP resistance. Since the high voltage applied was able to deliver 

substantial DC-currents (mA's), there was substantial damage done to 

both the channelplates and to the glass ring between the channel 

plates (fig . ~.12). 

Fig. ~.12. Damage to the gotdptated surface of the 
gtass ring due to spark tapacts and high voltage 
discharge. 

The large currents caused the evaporation of the gold layer on the 

glass ring close to contact wires. Also some spots were observed where 

spark-impacts had taken place. In order to pr~vent these kind of 

damages it was thought to be necessary to p·~t resistors of over 1 Mn 
in the H.V. supply lines to the channel plates . Electrical discharge 

can still occur, but the currents can never become so large that they 

can damage the detector . 
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Spontaneous pulses were observed occasionally. Usually after 

increasing the voltage over the chevron. After some time, typically 

several hours a decrease in the nurnber of spontaneous pulses was 

observed. These effects were also described elsewhere [8,9,10,11]. It 

is generally believed that spontaneous pulses are caused by 

field-emission. The spot where this occurs is called a 'hot spot', or 

a 'switched on channel'. The dark-eurrent of channel plates is usually 

very low. We have measured a dark current of about 80 cts/s. This 

number increases exponentially with the channel plate voltage. Channel 

plates should be treated very carefully. It is reported [8] that if 

the applied voltage is increases to fast, sudden bursts of pulses 

presumably caused by desorbed gasses can damage a MCP in less than 

1 ms. Therefore one should monitor the number of spontaneous pulses 

during the increase of the MeP-voltage. It was suggested that one 

should never increase the voltage before the number of spontaneous 

pulses bas dropped a factor 10. A number of protective measures are 

discussed in [~]. A further discussion on the prevention of electrical 

discharges is given in §6.~. 
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Cbapter 5. Tbe Two Di.ansional Cbarce Collector. 

5.1 Introduetion 

The EARISS 2-dimensional detector is used to determine the point 

of impact of an ion after it has passed through the analyzer. The 

microchannel plates (MCP) have amplified the signa! from the ion to a 

detectable electron cloud, thereby preserving the information on the 

point of impact. The center of the charge cloud should be determined. 

There are several ways in which this can be done [1]. 

lf we want to obtain an azimuthal and energy spectrum of a sample 

we should at least be able to determine the point of impact of the ion 

with an accuracy of 1% in both directions. This implies that should we 

use small individual charge collectors in both a radial and an 

azimuthal direction. This would require 104 collectors, each with its 

own amplifiers and signal processing. This solution is too complicated 

to be practical. Several solutions have been found [2], that do not 

require such a large number of collectors and electronic circuits. 

The use of conducting strips on the collector in a grid can reduce 

the number of circuits considerably to about 200. Since this number is 

still rather large due to the number of vacuum feedthroughs that such 

a detector would need, several authors have tried other solutions. One 

of these is to place a capacitor or resistor between each strip, and 

collecting the charge at the end of the chain [3,4]. The time between 

the moment of impact and the moment the pulse arrives at the end of 

the chain, can now be used to determine the point of impact. The 

number of amplifiers can in this case be reduced to four or five. 

Another possibility is to shape the strips in such a way, that the 

amount of charge collected on a strip is a measure for the place where 

the charge cloud was deposited on the collector. 

Several forms of conducting strips have been invented. C. Martin 

et al. [5] used a two dimensional set of strips and wedges (fig. 5.1). 

The strips have a width varying in the Y direction, whereas the width 

of the wedges only varles in the X direction. In this way, the charge 

collected on a strip is a measure for the Y position and the charge 

collected on a wedge is a measure for the X position of the point of 

impact. A complicating factor is that the number of electrons in a 

charge cloud is not constant. This means that the collected charge on 

each strip has to be normalized with respect to the total charge in 

the cloud. 
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X- c -c+o 

Fig. 5.1. Wedge (A) and strip (C) detector of 
Martin et al. [5]. The position of the center of 
the charge cloud is determined by the fract ion of 
the cloudon each strip set. 

lt has been shown elsewhere [5,6,7,8] that the size of the 

arriving charge cloud should be somewhat larger than the 

characteristic distance in the collector, thus larger than the size of 

a single set of strips. The situation is complicated by the fact that 

the size of the charge cloud is not constant. lt varies with the 

number of electrons in the cloud. 

The disadvantage of the charge collector used by Martin et al. [5] 

is that the strips run parallel to the wedges for a distance of more 

than 4 m. The consequence is that the coupling capacitance between the 

X and Y signals is relatively large. This causes cross-talk. Another 

disadvantage of the wedge and strip collector is that the resolution 

of this type of collector depends on the position where the incident 

electron cloud hit the collector. Both disadvantages are absent in the 

present collector design. 

The charge collector in our situation should have a hole in its 

center for the passage of the primary ion beam (e.g. fig. 3.6). There 

are several collector geometries that solve this problem [5,9]. We 

have chosen a sickle and ring (SR) geometry which will be described in 

the next section. 
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5.2 Detector design 

The two-dimensional sickle and ring charge collector which is 

schematically shown in figure 5.2 is used to determine the center of 

the deposited charge cloud coming from the secend MCP. 

Fig. 5.2. PrincipLe of the sickte (A) and ring (B) 
detector. The sickte width increases with the 
azimuth ~· The ring increases with increasing 
radius R. 

771!11 il!i!ïiil; !117 
steel 

Fig. 5.3. The colteetor consists of thin goLd 
strips deposited on a gtass substrate which is 
mounted on a steeL support. 

The detector consists of smal! gold strips (1 ~ thick) deposited 

on a thin (100 ~ thick) glass substrate (Si02) (fig. 5.2.b). The 

substrate is mounted on a stainless-steel support, which functions as 

a "ground" contact; this wil! be discussed later (§6.5). The gold 
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strips on the detector have a special shape. Each of the sickles 

increases linearly in width with the azimuthal angle ~- All sickles 

have the same width in a radial direction. just the opposite is the 

case for the ring-like strips B. Their width remains constant in an 

azimuthal direction. But the width of each ring increases linearly 

with increasing radius. Altogather we have 14 sickles and 14 rings on 

our collector. A charge cloud falling onto the detector wil! deposit 

its charge on a few rings and sickles at the same time. The charge 

collected on the rings determines the radial position of the center of 

the incident charge cloud. The charge collected on the sickles 

determines lts azimuthal position. Since we can not know in advance 

the total charge in the electron cloud, due to the statistica! 

variations in the gain of the channel plates, we have to normalize the 

collected charges on the sickles and rings with respect to this total 

charge. This is done by measuring the charge emitted from the secend 

MCP (§6.2). 

We have explained previously (Chapter 3) that the energy analyzer 

converts the energy distribution of the backscattered ions in a radial 

distribution on the first MCP. The ~~alyzer is optimized in such a way 

that the radial distribution is linearly proportional to the energy. 

Therefore the radius of the center of the charge cloud is a linear 

measure for the energy of the scattered ion, and the azimuthal 

coordinate is of course preserved. 

According to the calculations of Hellings [10] the ions having an 

energy equal to the analyzer pass energy E are focussed in a 16 mm 
p 

ring on the first MCP. The analyzer focusses ions with E + 6% on the 
p -

edges of the MCP, thus with radii of 21 and 11 mm respectively. The 

energy Ef of a detected ion can be calculated using: 

_Ef_-_(_E...._P_-_E...._P *_o_. 06_) = ( R - 21) 

(EP - EP* 0.06) (16 - 21) 

Which yields: 

Ef 
~ = 1.192- R * 0.012 

p 

Where R is the radius of the point of impact of the ion on the 

collector, given in mrn. 

(5. 1) 

(5.2) 
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The radius R is determined by the amount of charge falling on the 

ring strips. From now on we wil! cal! these strips the energy strips 

or E-strips. The sickle strips A will be called azimuth-strips or 

~-strips. The radius R and the azimuth ~ of the center of the charge 

cloud are given by: 

Where QE is the charge collected on the E-strips, 

Q~ is the charge collected on the ~-strips and 

QT is the total charge in the cloud. 

(5.3) 

The space between the E-strips and ~-strips is filled with a 

ground strip G (fig. 5.3.a). Each individual E-or ~-strip has its own 

compensating ground strip E' or ~· 

Fig. 5.4. A complete strip set showing also the 
ground strips G which occupy the space left open by 
the sickles (A) and rings (B). The width of a 
complete set is 1 mm. The inner radius uaries from 
9 to 22 mm. 

The distance between the strips is always 40 Jllll. A "set" of strips 

will consist of four strips (E, E', ~. ~·) and four spacings (three 

between the strips and one separating this set from the next one). The 

width W of each strip is given by: 
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WE = 40 + 26.15•(i-1) (J.Uil) (i = 1 14) 

WE, = 380 + 26.15•(i-1) (J.Uil) (i = 1 14) 

w = 40 + '() (J.Uil) ('P = 00 340°) 
'() 

w. = 380 - '() (J.Uil) ('P = 00 340°) 
'() 

Where i is the number of the set (i = 1 has the smallest radius, 

i= 14 bas the largest). Each set has a total width of 

2• ( 40 + 380 + 2•40) J.U11 = 1 nvn. 

(5.4) 

The inner radius of the collector is 9 mm and the outer radius is 

23 mm. Not the full 360° azimuth angle is used. A 20° part is used to 

conneet the strip sets to the each other and to the preamplifiers 

placed outside the vacuum system. Therefore a 340° useful area is 

available for the collecting of charges (fig. 5.5). 

Fig. 5.5. The 14 strip sets and the connecting 
strips of the sickte and ring cottector. 

The detector is somewhat larger than the active area of the MCP's. 

This was done since the charge clouds escaping from the MCP's wil! 

expand in the region between the MCP and the charge collector. The 

arriving charge cloud should have a diameter somewhat larger than the 

characteristic of a set of strips which in our case is 1 mm. The 

distance between the second MCP and the collector in our detector 

system is 16.5 mm. According to equation (4.13) we can calculate the 

voltage needed across the gap between the second MCP and the 

collector: 
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V = 2,c (5.5) 

If we substitute the values for A resulting from the measured by Rees 

et.al. [7] we obtain 534 V < v2 < 1570 V. This large voltage can not 
,C 

be used in our case due to the conducting layers (fig. 3.6). These 

layers consists of a Ru04-layer with a high resistance R
0 

= 10 Mn 

which is deposited on a glass (Si02 )-substrate. The layers would be 

damaged if such a high voltage were applied to them. The temperature 

they would get by ohmic heating would be too high. 

This problem and some other problems concerning the conducting 

layers wil! be discussed in §8.2. There are only two more remarks to 

be made at this point concerning the construction of the collector. 

Firstly, the insulating gap between two strips (fig. 5.6) wil! charge 

ltself negatively due to the negative charge clouds. This charge will 

influence the electrical field above the collector and thus the 

effective width of each strip will be larger than lts physical width. 

) \' 
,-, 

I \ 
I \ 

I \ 

I I 1//71///77 
ISOLATOR 

Fig. 5.6. The deflection of the electrans in the 
charge cloud by the potential between the strips. 
This effectively enlarges the strip size. 

Secondly, we have notleed that during the production process of 

several indentical collectors, the mask which was used to deposit the 

gold strips was somatimes turned upside down. Therefore care should be 

taken: two different collectors exist which are each others mirror 

image. This should not cause any trouble provided that it is known 

which strip is connected to which preamplifier. 
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5.3 Signat transmission 

The collected charges on the strips have to be fed into the 

amplifiers and signal processing system. The input capacitance of a 

charge sensitive preamplifier should be kept at a minimum, because of 

the noise which they produce at larger capacitances (§6.3). Therefore 

we should keep the connecting wires as short as possible. Another 

point to take into consideration is the capacitive cross-talk between 

the strips. This can be demonstrated as follows (fig. 5.4.). The 

capacitance between two strips is determined by the length that they 

are parallel toeach other. The ground strips (E' and ~·) are 

connected to a ground potential. The result is that the coupling 

capacitance between the E- and ~-strips is reduced, since a signal on 

the ground strip will be coupled to ground instead of to the other 

strip. This capacitance is further reduced by the backing of the 

charge collector (fig. 5.3.a). This backing is connected electrically 

to the ground strips. lt increases the capacitance between the E and 

ground strip or between the ~ and the ground strip, but it reduces the 

capacitance between the E- and ~strips [6]. 

The capacitance between the E and ~ strips was measured to he 3 pf 

with the ground strip connected to ground. With the ground strip not 

connected to ground we~asure a capacitance of 110 pf. The 

capacitance between the E-strips and the ground strips was measured to 

be about 210 pf. About the same capacitance was measured between the 

~strips and the ground strips. 

The wires which conduct the charges to the preamplifiers have 

recently been changed. Two parallel wires (about 40 cm length) have, 

at a distance of 1 cm, a capacitance of 30 pf. This would drastically 

increase the coupling capacitance between theE- and and ~signal. 

Therefore we have made an in-vacuum coaxial cable, one for each strip. 

The mantie is at the same potentlal as the groundstrip. The central 

line of each coax conducts the signals of the E-, the ~-strips 

respectively to the preamplifiers. The mantie of each coax conducts 

the charges collected on the ground strips to the grounding capacitor. 

A further discussion on the signal processing will be given in 

chapter 6. 
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Chapter 6. Analog Electrical Circuit. 

6.1 Introduetion 

The electrical circuits of the EARISS apparatus can be separated 

into two different parts: the analog and the digital circuit. The 

analog circuit is used for supplying all bias voltages to the 

different parts of the analyzer and detector system. Another function 

of the analog circuit is the signal transmission and amplification 

(§ 6.2). These two parts will bedescribed in this chapter. The 

analog/digital conversion and the digital electronic circuit will be 

described in chapter 7. 

Since the charge collector is composed of thin gold strips close 

to each other, we should be careful that no discharges can occur 

between the strips or from the strips to the surroundings. Thus an 

important aspect of the analog circuit is the prevention of high 

voltage (H.V.) discharge (§6.4). Another aspect is the filtering of 

high frequency interference (also Radio Frequency Interference, RFI). 

This will be discussed in §6.5. High frequency cross-talk between the 

measured charges on the collector strips should be prevented, as we 

have seen in section 5.3. This subject will bedealt with in 

section 6.6. 

Event detection is done in a timing circuit (§6.6). The timing 

circuit supplies a trigger pulse to the analog to digital converters 

(ADC's), at the moment the charge can be sampledon their inputs. We 

have discussed in section 5.2 that the measured charge on the E- and 

~-strips has to be divided by the total charge QT in the electron 

cloud. All three charges are measured and their values are digitized 

by the ADC's. The division is done in the digital electronic circuit. 

6.2 High voltage power supplies 

The power for all elements of the zoomlens/analyzer/detection 

system are supplied from a single rack (fig 6.1). The zoomlens 

requires three bias voltages ranging from -10 kV up to +10 kV on the 

second, third and fourth lens elements. (The first element is 

connected to ground, and the fifth element is connected to the fourth 
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element, sectien 3.4). These voltages (V
1

, v
2

• v
3

) are supplied by 

three FUG HCN-35-12500 power supplies rated for 12.5kV (positive or 

negative). These power supplies are stabie within 0.1%. They can be 

programmed with a O .... lOV input voltage. This enables computer 

control using conventional digital to analog converters (DAC's). 

10S2k 

188k 

2100k 

FUG HCN 
as-asoo eaak 

848k 

848k 

~------r-----------~----+----+----{I}------oVMCP2 FRONT 

848k MC 2 

801i10k 848k 

'782k 

r------oVMCPl FRONT 

4 x FUG HCN-8S-3SOC 

1 

~---------------------o·v-A r----------------o·v-a r---------o·v-c 
,--o·v-o 

~----------------------~~----~----~----._---o·v-3 
~---------------------o·v-2 r-----o·v-1 

8 x FUG HCN-8S-12SOO 

ZOOML.ENS 

GRCUNC 

Fig. 6.1. Power supply for the analyzer, detector 
and zoomlens. ALL power suppl ies a.re mounted in one 
ra.ck.. 

The analyzer segments require voltages ranging from -2 ... +2 kV 

(equation 3.3) with respect to the voltage on sections 4-5 of the zoom 

lens. We used four FUG HCN-35-3500 power supplies rated for 3.5 kV 

(positive or negative). 
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The detector voltage is supplied by a fifth FUC HCN-35-3500. This 

power supply is set as a current source. It supplies its current to a 

resistor-network (fig 6.1) which enables us to set the required 

voltages over the channel plates, the gap between MCP-1 and MCP-2, and 

over the gap between MCP-2 and the charge collector. The currents 

through the two channel plates are measured, as wel! as the voltages 

over the different elements. Typical detector voltages are: 

Where: 

VMCP-1 = 1000 ... 1600V 

V 1. 2 = 0 ... 300V 

VMCP-2 = 1000 ... 1300V 

v2 = 200 ... soov ,c 

VMCP-1 (MCP-2 ) is the voltage across channel plate 1 (2) 

(6. 1) 

v1, 2 is the voltage across the gap between channel plates 1 and 

2 

v2 is the voltage across the gap between MCP-2 and the 
,C 

collector. 

Since the five FUC power supplies have a bias voltage with respect 

to ground, we are not able to program them directly by using DAC's. 

Instead we convert the DAC voltages to optica! signals that are 

transmitted to a receiver through optica! fibers. This receiver can be 

at high voltage with respect to the DAC's. The receiver converts the 

optica! signals to input voltages (0 .. 10V) for the power supplies. The 

required software for the DAC's has not yet been installed. Therefore 

all measurements were done by setting the voltages manually. 

6.3 Mensurement of the collected charges 

An important part of the analog circuit is the charge maasurement 

and amplification. As we have discussed previously, we have to measure 

three charges (§5.3), namely the chargescollectedon theE-stripand 

~-strip and the total charge QT in the electron cloud escaping from 

the second MCP. This total charge QT can be measured in two ways. 

Firstly we can take the current pulse in the power supply lines of the 

second MCP. This yields a pulse which is proportional to the size of 

the escaping charge cloud. Secondly we can sum all the charges 

arriving on the detector (The sum of all the strips E, E'. ~. ~·). 
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Thereby we measure the number of electrens arriving on the collector. 

Provided that there are no losses between the second channel plate and 

the collector, both methods wil! give the same result. The second 

salution however is complicated by the fact that we want to use the 

ground strips E' and ~· as a shielding against cross-talk between the 

E- and ~strips, as discussed in §5.3. This means that the charge on 

these strips is not available to be measured. A second disadvantage is 

that the determination of the sum signa! (QE + QE' + Q~ + Q~, = QT) 

would require more process time, thus limiting the maximum countrate. 

For these reasens we have chosen the first solution. The current 

pulse in the supply lines of the second MCP is coupled to ground 

potentlal by two 10 nF capacitors (fig 6.2). Knibbeler [1] has shown 

that the combined pulses of the front and back of the channel plate 

are an accurate measure for the total charge in the electron cloud. 

H. v. 

MC -2 lO~F ~QT ~~ 
10 nF PRE-AMP. 

R BAW82 

'T 

Fig. 6.2. The total charge is measured by 
decoupling the current putse in the supply lines to 
the front and the back of the second MCP to low 
voltage. The antiparallel diodes are ment for 
proteetion against discharge. 

The charge collected on the E- and ~-strips and the total charge 

QT from the second MCP are amplified by charge sensitive 

preamplifiers, after which they are pulse shaped and again amplified. 

A charge sensitive preamplifier is in essence an integrator 

(fig 6.3). The charge Qin collectedon its input capacitor Cin wil! 

result in a smal! voltage step on the negative input of the 

operational amplifier (amplification A ). This operational amplifier 
0 
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H. V. 

Fig. 6.3. Principle of a charge sensitiue 
preampliefier. 

wil! charge the capacitor Cf in order to bring the voltage on the 

negative input back to virtual ground. As a result the amplifier 

output exhibits a voltage step V t given by [2]: 
OU 

V out 

Where V t is the output voltage, Q. is the charge, Cf is the 
OU ln 

(6.3) 

integrator capacitance, C. is the input capacitance and Cd is tpe 
1n 

detector capacitance. The output voltage V reduces to: 
out 

for very large amplifications A . This means that the output voltage 
0 

is linear to the charge deposited on the input. The input capacitance 

C. is discharged through the resistor R that biases the high voltage 
1n 

to the detector. The charge on the capacitor Cf is discharged by the 

resistor Rf' in a characteristic time T given by: 

(6.5) 

The charge rate is defined as the number of pulses arriving at the 

amplifier per second (or count rate) multiplied by the average charge 

per pulse deposited on the amplifier. The charge rate of a charge 

sensitive amplifier is limited by the output voltage V t which cannot 
OU 

exceed the power supply voltage of the amplifier. This means that the 

capacitor Cf should get enough time to discharge, which results in a 

limited charge that can be accepted per time interval. 



-66-

We have used two different types of charge sensitive 

preamplifiers: Canberra types 2003BT and 2006. The fermer is used for 

the maasurement of QT, the latter type is used for QE and Q~. The 

2003BT delivers a fast timing pulse that can be used to trigger the 

ADC's. Some characteristics of these amplifiers are given in 

table 6.1. 

2006 2003 BT 

Amplification 0.3 V/pC 0.45 V/pC 
Rise time 30 ns 18 ns 
Fall time 50 J.LS 250 J.LS 
Noise (Cin = 200pF) < 10-16 c < 2·10-16 c 
Bias voltage 5 kV 5 kV 
Non-linearity < 0.02 % < 0.04 % 
Charge rate 2•10-7 C/s 9·10-8 C/s 
Input capacitance 1.0 nF 3.0 nF 
Max. input charge 33 pC 22 pC 
Max. output voltage ± 10 V ± 10 V 
Rise time timing < 6 ns 

Tabte 6.1. Characteristics of the preamptifiers. 

It is worthwhile to note that in our case Cf = 6.8 pF and Rf = 100 

Ma. The detector capacitance en is measured to be ~ 210 pF. The input 

capacitance of the preamplifiers is- 1nF (Canberra 2006). The input 

rise time is about 30 ns (Canberra 2006), which means that, since the 

duration of the input pulse is about 1 ns, the preamplifiers need 

about 30 ns to reach their output voltage V t" 
OU 

The average number of electrens in a charge cloud wil! be about 

106-107 (Chapter 4). This is a charge of 0.1- 1 pC. From table 6.1 we 
-7 conclude that the charge rate is limited to- 10 C/s which means 

that the preamplifiers can handle 105 - 106 cts/s. 

The noise produced by the preamplifiers is a function of the input 

capacitance. This is shown in figure 6.4, from which we conclude that 

we have a noise of 8•10-7 pC (RMS) which is equal to 0.5 mV (RMS) at 

the output of the preamplifier. 
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Pl'LS[ SIM PIN(, CONST 4NT 
l1n ,.,S\·\ 

Fig. 6.4. Noise of a Canberra 2006 preamplifier as 
a function of the pulse shaping constant and the 
detector capacitance. 

The voltage step produced by the preamplifiers is proportional to 

the collected charge on its input. Since the output voltage decreases 

slowly (typically in 50 ~s), we have to shape the pulse in order to 

process it. This is done by the pulse shaping amplifiers Canberra 

2110. These amplifiers convert the voltage step to a pulse of- 300 ~s 

(depending on the integration and differentlation filters selected) 

with a pulse height linearly proportional to the voltage step (fig. 

6.5). Pulse shaping is done by selecting the appropriate integrating 

or differentlating filters which range from 0 to 200 ns integration or 

differentlation time constants. 

T 
V 

t-

Fig. 6.5. Pulses from the preamplifier (a) with 
risetime tr and from the main amplifier (b) with 
integration time t 1 and differentiation time td. 
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Knibbeler [3] has shown that the pulse duration T of the 2110 

amplifiers is about T = 3•T1 + 3•Td' where Ti and Td are the 

integration respectively the differentlation time constants. In order 

to eliminate the oversboot of the preamplifier signa! (fig 6.5) we 

have to choose an integration time of roughly 3 times the preamplifier 

rise time constant. 

Pulse pile-up occurs when two pulses are detected nearly 

simultaneously. Knibbeler has shown that at a count rate of 3•105 and 

a pulse duration of T - 350 ns, about 10% of the pulses has to be 

rejected to avoid pile-up effects. The elimination of piled-up pulses 

is done in the timing circuit (§6.7). 

6.4 High frequency interference suppression 

Charge sensitive preamplifiers have very sensitive inputs. 

Capacitive coupling of signals from other places of the system is 

easily possible. During our first measurements, we found a whole 

variety of different interferences on the outputs of our 

preamplifiers. 

A major problem was to reduce this RFI to an acceptable level. In 

order to get some understanding of the mechanisms involved we first 

found out what RFI sourees existed. Then we tried to understand the 

way in which they coupled their signa! to the preamplifiers. Next we 

found ways to prevent the coupling of RFI to the preamplifiers. 

Fig. 6.6.a. Interference on the main ampLifier 
output. 
Fig. 6.6.b. 50Hz pickup on the main ampLifier 
output. 
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To begin with we photographed (fig 6.6.a) the noise at the output 

of a 2003BT preamplifier connected to a 2110 amplifier at maximum 

amplification and no integration or differentlation of the main 

amplifier. The smal! peak in the high frequency domain originates from 

the power supplies of the amplifiers. It has a repetition rate of 50Hz 

and a height of ~ 10 mV. It cannot be avoided, unless other power 

supplies are to be used. The low frequency 50 Hz signa! is completely 

eliminated once we differentlate the signa! with the pulse shaping 

sectien of the 2110 amplifiers. The minimum noise level we could 

possibly reach is therefore ~ 10 mV. with an exception of the smal! 

peak (fig 6.6.a). Connecting the preamplifier to the second channel 

plate resulted in a wide variety of RFI. Most prominent was the RFI 

coming from computers. Range: 16-20 MHz, amplitude 1V p-p. All high 

frequency apparatuses produced interference in this region: the 

Eurobus-PEP slave, the CADMUS-computer and several pulse generators. 

Other RFI sourees with sharp peaks in a lower repetition frequency 

were found to be: the Eurobus power supply, the turbomolecular pumps 

of the sample introduetion system and different power supply units 

using switching triacs (mostly Delta power supplies). In a low 

frequency domain the main interference souree was 50 Hz pickup 

originating from ground loops (fig 6.6.b). 

To find out how the different signals coupled to the preamplifiers 

we disconnected all supply lines to the vacuum system, except the 

lines between the second MCP and the charge sensitive preamplifier. 

Extra filtering of the power supply lines was also necessary 

(fig 6.7). Furthermore it was found that the lines to the preamplifier 

input should be as short and as well shielded as possible. 

GNO o---a-+O 
- 24 V o-..... +--o 

CNDo--&+O 
• 24 V o-...... +--o 

• 12 vo--w+<> 
- 12 V o-...... +--o 

NJM-RA.CK 
POWER SUPPLY 

• 24 V o-_,...,'V'I-""---,.--------o 
1DQ uH • 

1DQ uH 

• 22 uF 
- 24 V o-~"'V""r'lo..-__.IL......------o 

1DC uH 

PRE-A.MP. 
POWER 
JNPUT 

Fig. 6.7. Filters for the preamplifier power supply 
lines. 
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In order to suppress all 50 Hz pickup, we changed the 220V power 

supply to the whole EARISS-apparatus. We supplied the apparatus from 

one 380V-3 phase outlet. Each phase is rated for 25A at 220V which is 

sufficient to supply every instrument on the EARISS-apparatus. This 

solution at once eliminated the ground loops. 

Once the grounding of the EARISS was proved to be correct and the 

power supplies to the preamplifiers were filtered, it became clear 

that the RFI signals could only be coupled to the preamplifier inputs 

from the inside of the vacuum system. Therefore we disconnected all 

wires from the vacuum system. Connecting one power line, e.g. of one 

of the analyzer segments, introduced a whole range of RFI. This could 

be understood in the following way. All H.V. lines had an 10 MO series 

resistor in them. This was done to proteet the detector against 

electrical discharge (§4.5). These resistors were placed at a distance 

of 2m from the vacuum system. lt turned out that this high impedance 

line functions as a pickup for RFI. This can be understood from figure 

6.8. We detected a 16MHz signa! with an amplitude of IV p-p 

originating from the CADMUS computer on our charge sensitive 

preamplifier. With table 6.1. we can calculate the equivalent charge 

on the preamplifier input. This yields an input charge of 6•10-13 C. 

lf we take Cpl + Cp2 = CP as parasitic capacitance and if we take the 
-2 computer generating SV p-p, we canthen calculate C to be- 10 pF. 

p 

Fig. 6.8. Capacitive coupling of RFI to the charge 
sensitive preamplifiers in the vacuum system. 

It is not possible to reduce parasitic capacitance cp2 since it is 

an inherent part of the analyzer system in the vacuum system. However 

it is very well possible to reduce Cpl by placing the 10 MO resistor 

right on the vacuum feedthrough thereby reducing the high-impedance 
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wire length. It turned out that the rest of the wire (L ~ 12 rn) also 

functioned as a RFI pickup. Therefore we developed !ow-pass filters 

which were placed on all analyzer and detector supply lines 

(fig. 6.9). These filters have two 3 dB-points, one at 1 Hz and one at 

1 kHz. We have chosen for double filters since the 100 nF capacitors 

lose some of their filtering characteristics at high frequencies due 

to their inductance. The last resistor R3 is solely ment for the 

proteetion of the interlor elernents. lf a discharge would occur 

sornewhere in the vacuurn, the capacitors could deliver considerable 

amounts of energy. The resistor R3 prevents the currents frorn becoming 

too large. 

lU R2 R3 

Fig. 6.9. Low-pass filters for the high voltage 
power supply l ines. 

Even after we filtered all lines to the vacuurn system, we still 

found a considerable arnount of RFI. lt turned out that placing the 

filters in brass boxes and shielding all wires over their entire 

length using capper mantles connected to a central ground eliminated 

almest all RFI, except some 50Hz pickup originating from the 

H.V.-supply rack (fig 6.1). This 50Hz pickup could be elirninated 

using the scherne frorn figure 6.10. The 5 MOresistor was installed 

5 M FUC HCN-35-3500 
I80L.ATION 

TRANSFORMER 

~ ,,~ I} SOOk llt • 11 - I 

0 

V3 

111 
I) SM : ~ 200 

220V 

FUC HCN-35-12500 
CNC -",_ 

Fig 6.10. Configuration of the 220V power supply 
to the analyzer/detector FUG's. 

HV 

V3 
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between v3 and ground because the H.V. power supplies are much faster 

in stahilizing their output voltage if their output is loaded. The 200 

nF capacitor is used to filter fluctuations in v
3 

to ground. The 

variabie resistor is used to compensate the asymmetrie output of the 

isolation transformer. If v3 is monitored on an oscilloscope, the 

variabie resistor can be used to minimize the 50 Hz pickup. 

In a later stage we discovered that the use of coaxial lines 

between preamplifiers and main amplifiers introduced an ground loop 

and consequently different kinds of RFI were detected. Wrapping the 

coaxial line around a ferrite ring removed the ground loop for high 

frequencies. The same problem occurred between the main amplifiers and 

the analog to digital convertors. 

After all measures were taken to prevent RFI reaching our 

preamplifiers we again measured the noise level of the preamplifiers

main amplifiers (at full amplification). The result was a 50 mV noise 

level (compared to figure 6.6.a, 10 mV) with the RFI peak (fig 6.6.a) 

about 40 mV high. In the 50 Hz region, the interference level did 

neither significantly increase nor decrease. This is regarded as an 

acceptable level. 

6.5 Cross-talk 

A very important part of our investigations deals with the 

dateetion and prevention of cross-talk between the E- and ~-signals. 

Roughly speaking cross-talk can occur in two stages of the signa! 

processing circuit. The first stage is in the collector ltself and on 

the way from the collector to the preamplifiers. The second stage is 

cross-talk between the amplified signals from the preamplifiers and 

the computer system. The first stage wil! be most important because 

puls frequencies in this stage are the highest ( 1 CHz at 1 ns pulse 

duration). The amplified pulses in the secend stage have lower rise 

times(~ 6 ... 30 ns) and thus lower frequencies (~ 100 MHz). 

The cross talk in the secend stage is rather easy to check. We can 

apply a test signa! on one of the preamplifier inputs and monitor the 

signa! on all ADC's (With all preamplifiers disconnected from the 

system). At a frequency of 13 MHzaresonant frequency could be 
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Delay line 1 
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OI 
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0.1 
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0.1 10 
log{t) MHZ 

Fig. 6.11. RFI coupling between the delay lines. A 
sinus is applied to delay line 1. The output is 
monitored. At about 8 MHz the second delay line 
picR.s up RFI. 

detected on the other amplifiers (fig. 6.11). Aftersome experiments 

we discovered that the cross talk occurred between the delay-lines 

which are used for the timing of the signals (§6.6). Due to the length 

of coaxial-line used in the delay lines and due to the fact that they 

were placed close to each another, cross-talk could occur. The 

solution was to wrap part of the coax-line around a ferrite ring. No 

more cross-talk could be measured in this system which means that the 

level was below 10 mV. 

Fig. 6.12. Simplified scheme of the capacitive 
coupling of the collected charges on the collector. 
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The cross-talk occurring on the collectors is much more 

complicated. In figure 6.12 we have shown a simplified scheme of the 

charge collector and the preamplifiers. The capacitors CE and C~ 

represent the capacitance between the E- and ~strips and the 

collector ground strip. The coupling capacitor C represents the 
c 

capacitance between the E- and ~-strips. A charge cloud deposited on 

CE wil! be distributed between Cc' CE and the 1 nF input capacitor of 

the preamplifier. Through C some of the charge wil! also be deposited c 
on C and the 1 nF input capacitor of the other preamplifier. 

~ 
In the first few ns (before the preamplifier starts to react) the 

input of the preamplifier is at an undefined potential. Therefore only 

the capacitors CE' C and C determine how much of the charge is 
~ c 

coupled to the other preamplifier. Knibbeler [3] bas determined that 

if the cross-talk bas to be kept below 1%, CE should be about 100 x Cc 

(the same holds for C ). There is however a difference between the 
~ 

charge deposited at ~ and C~. The charge on CE is an actually 

deposited charge. The charge on C is capacitively coupled through C . 
~ c 

Therefore C~ can lose lts charge if CE loses its charge. This happens 

at the moment the preamplifier becomes active. The charge on CE is 

then transferred to the input capacitor of the preamplifier. This 

effect reduces the cross-talk of our circuit. 

HV 100nF 
-,- G~OUNOING 
~ CA~ACITOR 

T 

Fig. 6.13. Charge collector and connections to the 
preamplifiers. The antiparallel diodes are used for 
proteet ion. 
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The circuit of our charge collector is somewhat more complicated. 

(fig. 6.13). The ground strip can not be connected to ground directly, 

since the charge collector is at a high voltage with respect to 

ground. Instead, we have to use a grounding capacitor that collects 

the charge deposited on the ground strips . This capacitor functions as 

a buffer, thereby reducing the cross-talk between the E- and ~-strip. 

The grounding capacitor should be taken at least 100 times larger than 

the capacitance between the strips. This capacitance was measured to 

be ~ 200 pF. We chose a grounding capacitor of~ 100 nF . 

Fig . 6.14 . Deformed putses from the cottector 
strips E and ~ using (a) a 20 nF grounding 
capacitor and (b) a 100 nF grounding capacitor. 

The antiparallel diodes in the scheme of figure 6.13 are meant to 

proteet the charge collector in case a high voltage discharge occurs. 

They prevent the voltages between the strips from becoming larger than 

~ 0 . 6 V. The pulses we measure at this point show some characteristic 

fluctuations (fig. 6.14). It seems that the value of this capacitor 

influences the frequency of these fluctuations. We observed a resonant 

frequency of about 15 MHz in our pul ses. Later we discovered that it 

was not the value of the capacitor that caused the fluctuations but it 

was the inductance inherent to each capacitor . We should therefore use 

a capacitor placed as close to our charge collector as possible. 
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Besides we should choose a capacitor with a low inductance . It turned 

out that these two measures were not enough. This can be understood if 

we realize that the coaxial lines in the vacuum system also have an 

inductance (fig 6.13.). lf we take the inductance of a wire to be 

~ 0.8 nH/mm, we have a total inductance of ~ 300 nH per line 

(fig. 6.13.). The resonance frequency of a LC-circuit is given by 

(6.6) 

If we take C = 200 pF and H = 300 nH we can calculate this frequency: 

f ~ 20.5 MHz, which is quite close to the measured resonance 

frequency. All connecting wires to the charge collector should be kept 

as short as possible, thereby having a low inductance. The conneetion 

between the ground strip and the backplane of the collector was 

previously made using a fine 0.02 mrn diameter gold wire. This wire has 

been replaced by a thick gold strip with a low inductance (fig. 6.15). 

Fig. 6.15 . Connecting strips to the charge 
amplifiers. The ground strip is connected with a 
gold strip to the backing of the collector. 
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There is a way of reducing the amplitude of the remaining 

resonances by placing a 100 0 resistor in series with the input of the 

charge sensitive preamplifiers (fig. 6.13). The disadvantage is that 

the rise time of our pulses becomes longer. This means that we have to 

adapt the integration and differentlation time constants of our main 

amplifiers to 100 ns each, thus yielding a pulse with a duration of 

~ 600 ns. This is still acceptable. This pulse duration does not 

decrease the maximum countrate since the process-time of a pulse in 

the digital system is about 1 ~s. 

6.6 The timing circuit 

The preamplifier·Canberra 2003 BT supplies a fast 20 ns timing 

pulse. This pulse can be used to trigger a logic circuit that 

determines whether the event should be measured or whether it should 

be neglected if the pulseis too smal!. A second function of this 

circuit is to determine whether a second pulse bas arrived and to 

inhibit the processing of this pulse if the time interval between the 

two pulses is to short for the digitization to have taken place. The 

third function of the circuit is to supply a trigger pulse to the 

ADC's at the maximum amplitude on the ADC's inputs. The timing circuit 

and the time scheme are given in figure 6.16 respectively in figure 

6.17. 

The timing pulse from the Canberra 2003 BT is fed into a main 

amplifier which also inverts the pulse. This is clone because the 

Constant Fraction Discriminator (CFD) only accepts negative pulses. 

The CFD has two functions. Firstly it is able to discriminate pulses 

that are too small. Since the timing output pulse of the 2003 BT is 

proportional to the charge detected in its input, this pulse can be 

used for discrimination purposes. Secondly the CFD generates a timing 

pulse at exactly the moment when the input pulse bas reached a fixed 

fraction of its total amplitude. This means that the timing pulse is 

always generated at the right moment, independent of the amplitude of 

the pulse. The CFD generates two logic outputs. One fast negative 

pulse is directly fed to a Fast Slow Coincidence (FSC) circuit. The 

other somewhat slower positive pulse is used to trigger a pulse 
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Fig. 6.16 The ampLification circuit, showing the 
preampLifiers, the main ampLifiers, the deLay Lines 
and the ADC's. The timing circuit processes the 
timing p.LLses from. the 2003 Hf and de termines 
whether the ADC's are triggered. 
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Fig. 6.17. Time diagram of the p.LLses in the timing 
circuit. The second figure shows the eLimination of 
a p.LLse arriving during the processing of the 
previous one. The numbers in the diagram correspond 
to the numbers in fig. 6.16. 
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generator. This pulse generator generatas a logic output pulse with a 

lengthof 1.1 ~s which is somewhat longer than the time our digital 

circuit (chapter 7) needs to process an event. 

An FSC is in fact a logica! AND with 5 different inputs. It can 

detect coincidences or anti-coincidences of very short (> 5 ns) 

pulses. Each input bas three different settings: inverting, 

non-inverting, and disabled. The FSC inputs accept both positive slow 

or negative fast pulses. The FSC generatas a pulse at the moment a 

coincidence is detected. No output pulse is generated if at the time 

of a coincidence one of the inverting inputs detects a pulse. 

The FSC determines whether a trigger pulse should be supplied to 

the ADC's or not. The pulse from the pulse generator will arrive 20 ns 

later than the pulse from the CFD (fig. 6.18). This means that the FSC 

will generate a logic 150 ns pulse. lf the CFD detects a next pulse 

within the 1.1 ~s set by the pulse generator, this pulse will not 

trigger the FSC since the negative input is still high. Only if two 

pulses arrive on the 2003 BT within 20 ns, it is not possible for the 

timing circuit to detect such an event. The probability of this event 

happening is, even at countrates up to 106 cts/s, smal!. (Poisson 

distribution: probability ~ 0.02). This means that 2 out of 100 

detected counts are false, which we find acceptable. This timing 

circuit was preferred to the one suggested by Knibbeler [3] because he 

uses the output of the main amplifiers to detect pile-up. This means 

that the pulse duration is much longer which makes it harder to 

distinguish piled-up pulses. 

The timing pulse generated by the FSC is split into four 

equivalent timing pulses by the MCA controller (Chapter 7). Three of 

these are used to trigger the ADC's and one is used to trigger the 

digital circuit. 

The timing circuit requires about 100 ns to detect an event and to 

determine whether it should be accepted. This means that the pulses of 

the three amplifiers have to be delayed. The ADC's are triggered at 

the positive going edge of the pulse from the FSC. This edge bas to 

coincide with the maxima of the pulses from the main amplifiers. 

The delay lines we used consist of RC 172U-coaxline, with a length 

determined by a set of switches. This enables us to select delay times 

from 3 to 258 ns. At the maximum delay time of 258 ns about 50% of the 
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signa! amplitude is lost. No measurable reflections or dispersion 

occurred. The loss in amplitude can he compensated by a higher gain of 

the main amplifiers. The ADC's require pulses with an amplitude of 

0- 1 V. 
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Chapter 7. Di1ital Electrical Circuit. 

7.1 Introduetion 

The fractions of the electron cloud falling on the E- and ~-strips 

are measured and amplified. As we discussed in chapter 5 these 

fractions have to be norrnalized to the total charge in the electron 

cloud. There are two ways in which this division (according to 

equation 5.3) can be done. 

Firstly we can use an analog divider. These dividers achleve an 

accuracy of 0.2% over a 10:1 dynamic range in the total charge [1]. 

Analog dividers of this kind require a settling time of 1 ~s to reach 

a stabie output voltage with the desired accuracy. This means that 
6 counts up to 10 cts/s can be handled. 

We have chosen a second division method. This metbod uses the 

digitized pulse amplitudes. A digital circuit allows us to calculate 

the ratio of the measured charges. To reach the required accuracy of 

1% we need at least an 8 bits analog to digital convertor (ADC) for 

each pulse. lts conversion time should be smaller than 1 ~s. We have 

chosen 8 bits flash ADC's (Analog Devices MATV 0811), with a 

conversion time of 150 ns and an accuracy of 0.2% ± 1/2 least 

significant bit. The input is digitized 3 ns ± 30 ps after a trigger 

pulse has been received. 

The ratio of the charges can be calculated from the digital 

numbers. This process is described insection 7.2. The two calculated 

ratlos (R and ~ coordinate) are combined to an address in the memory 

of a Multi Channel Analyzer (MCA) (§7.3). The number at this address 

is incremented by 1. At the end of the rneasuring cycle, the MCA-memory 

contentscan be transferredtoa computer system (§7.4). 

7.2 Concepts of uery fast diuisions 

The digitized ADC inputs can be divided by each other in two ways: 

by hardware or by software. Using the software division one computes 

the result of a division with a microprocessor. The result of the 

division can be used as an index to an array. This array element is 

incremented by one each time it is accessed. Such a computation would 

require a lot of time to process (typically 10-20 ~s). This reduces 

the maximum countrate considerably. 
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Using hardware dividers is another possibility. The answers to all 

possible divisions are calculated once. These answers are then stored 

in a memory. The two digital numbers which have to be divided are 

combined to one address. The answer to the division is then found at 

the address in the preprogrammed memory. This is called a look-up 

table. The result found at the address is used to form an address in a 

accumulation memory where the result is used as a new address. The 

contentsof this address is then incremented by 1. This second memory 

is the multichannel analyzer memory. We have chosen the hardware 

division method. Processing times lie around 1 ~s. 

Each 8 bits ADC yields 28 = 256 possible numbers. Therefore the 
8 8 lookup table should contain 2 •2 = 64 kBytes (kB) addresses. A few 

years ago this kind of memory was not readily available. At that time 

a first look-up table was tempted using Programmabie Read Only 

Memories (PROM's) [2]. In a later stage this setup was abandoned due 

to its inflexibility: it is possible to change the contents of a PROM 

but this requires a lot of effort and time. A more flexible look-up 

table can be buildusinga 64 kB Random Access Memories (RAM's) [3]. 

DJ' V 

DJ' V 

EN CODE 

COL.OA C:AAFJ'CS 
~AJ'NTER WOAKSTATJ'DN 
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T 

Fig. 7.1. Schematic diagram of the digital system 
showing the ADC's, the divider memories, the male 
selector and the MCA memory. 

MCA 
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8220 
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Two divisions have to he calculated (§5.3), which means that two 

64 kB RAM's have to he used (fig. 7.1). The two answers obtained from 

these memories represent an azimuth and an energy. These two answers 

are again combined to one address in the two dimensional MCA-memory. 

This address content is now incremented by one, meaning that one ion 

of a certain energy and angle has been detected. 

Since this whole cycle of dividing the ADC outcome and 

incrementing the MCA memory takes about 1 ~s. a maximum countrate of 
6 10 counts per second can be obtained. 

7.2.1 The analog to digital conuerters 

SYNTHESIZE,. 

SAWTOD TH 

Fig. 7.2. Test setup for the ADC's. 

8 bS't.• 
MCA 

The digitization process and the subsequent division introduce 

some artifacts in our system. The ADC's used are not completely 

linear. A simple test (fig. 7.2) in which we applied a sawtooth 

voltage of 0 to 1 V, 100Hz at the ADC inputs and an independent 

trigger pulse with a 100kHz repetition frequency, showed that the 

three ADC's did not produce an homogeneaus distribution in all 

channels as we would have expected (fig. 7.3.a,b,c). From figure 7.3 

we see that channels with an index of a power of 2 or manifolds of 2 

have an higher number of counts than we expected. This means that our 

ADC's have to be tuned. An ADC is supposed to split the interval 

between 0 and 1 V in 255 equal parts. The most significant bit 

determines whether the input lies above or below 0.5 V. The second bit 

determines whether the input is above or below 0.25 V or 0.75 V etc. 

If the splitting of an interval in two parts is done asymrnetrically, 

(e.g. 0-0.45 V and 0.45 V to 1 V instead of 0-0.5 V and 0.5-1 V) we 

expect most counts to be detected in the largest interval. In figure 

7.3.a. we see that some of the least significant bits have to be 
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Fig. 7.3.a,b,c. Digitat output of the ADC's with 
sawtooth voltage apptied on their inputs. 

adjusted, in figure 7.3.b. we see that the first second and third bit 

require adjustment and in fig. 7.3.c. we see that the third bit needs 

adjustment. A suitable calibration procedure should be developed in 

the near future to reduce these artifacts. 

7.2.2 Theory of integer division 

A far more fundamental problem occurs if we calculate the answers 

to a division of integer nurnbers [4,5]. Even if we would have an 

homogeneous input from our ADC's not all answers are equally likely to 

occur. This can be explained in the following way: The division we 

would like to calculate is given by: 

E = A I B, 0 ~ A < B (7 .1) 

where A and B are given by two 8 bits integers coming from our ADC's. 

The restrietion 0 ~ A < B originates from the fact that the total 

charge emitted from the channel plate is always larger than the charge 

collected on a strip. 
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Using (7.1) however yields a fraction somewhere between 0 and 1. 

this can not be represented by an 8 bits integer. We multiply the 

resultant fraction of (7.1) by an integer value 256, thereby shifting 

the whole answer 8 bits to the left: 

E' = 256 • A I B, 0 ~ A < B (7.2) 

A multiplication by 256 however causes serieus problems. When we 

evaluate all possible sets of A and B yielding a certain value of E', 

we discover that the distribution N(E') is not homogeneaus 

(fig. 7.4.). Sharp peaks occur at powersof 2 and at multiples of 2. 

,.,.,... • 'SI Lief\. • a 
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Fig. 7.4. Distribution of the di vision 
E = 256•AIB . 

0 

Fig. 7.5. Distribution of the diuision E = 257•AIB. 

Since the peaks occur at powers of two it was thought that the 

nurnber 256 has sarnething to do with this effect. We replaced the 

multiplier 256 by 257 (which is a prime nurnber). This multiplier 

yields a straight distribution (fig. 7.5.). What happenscan be 

simplified using the following scheme. Suppose we have two 4 bits 

integers, say A and B. If A is always smaller than B, the division of 

A/8•16 does nat deliver an homogeneaus outcome. Let E = A/8•16. All 

possible outeernes E and their frequency N(E) are listed in table 7.1. 

25li 
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E=fMA/8 N(E) (f=16) N(E) (f=17) 
0 15 15 
1 7 7 
2 8 7 
3 6 7 
4 9 7 
5 7 7 
6 8 7 
7 4 7 
8 11 7 
9 7 7 

10 8 7 
11 6 7 
12 9 7 
13 7 7 
14 8 7 
15 0 7 

Tabte 7.1 Distribution of f•AIB. 

In the third colurn of table 7.1 we have shown the sarne division using 

a multiplier factor f = 17 insteadof f = 16. 

The use of a prime nurnber as a multiplier is not the whole answer 

to this problern. lf we calculate all answers of the division A/B•17 (0 

~ A < B) and we write thern down for each nurnber B, we obtain: 

A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 B 

1 0 
2 0 8 
3 0 5 11 
4 0 4 8 12 
5 0 3 6 10 13 
6 0 2 5 8 11 14 
7 0 2 4 7 9 12 14 
8 0 2 4 6 8 10 12 14 
9 0 1 3 5 7 9 11 13 15 

10 0 1 3 5 6 8 10 11 13 15 
11 0 1 3 4 6 7 9 10 12 13 15 
12 0 1 2 4 5 7 8 9 11 12 14 15 
13 0 1 2 3 5 6 7 9 10 11 13 14 15 
14 0 1 2 3 4 6 7 8 9 10 12 13 14 15 
15 0 1 2 3 4 5 6 7 9 10 11 12 13 14 15 

Tabte 7.2 Answers of the division 17•AIB, with 0 ~ A < B 
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From table 7.2 we can conclude that a homogeneaus distribution is 

only obtained if all values of B are taken into account. lf B = 15, 

each answer to the division 17•AIB occurs nearly one time. Only the 

number 8 is still missing in this row. When B gets smaller (moving 

upwards in table 7.2), more and more numbers do not appear in the row. 

This means that the distribution of answers in a row is not 

homogeneous. However if we count the accurences of the answers in the 

whole table, we see that each answer occurs exactly 7 times. This 

yields the homogeneaus distribution of the third colomn in table 7.1. 

We could use a multiplication factor smaller than 17. Using the 

number 8 as multiplier again yields the same inhamogeneaus 

distribution as we observed earlier using the factor 16 (table 7.3). 

However if we use a factor f = 7 we obtain a homogeneaus distribution, 

as we can see from the secend colomn in table 7.3: 

E=f•AIB N(E) (f::S) N(E) (f=7) 

0 22 24 
1 14 17 
2 16 17 
3 12 17 
4 18 17 
5 14 17 
6 16 11 
7 8 0 

Tabte 7.3 Distributton of the answers to 
the division E = f•AIB. 

It is now possible to make the same table as we did for f = 17. 

This is done in table 7.4. In this table we can see that from B = 7 to 

B = 15 each possible answer occurs at least one time in every row. For 

B < 7 we cbserve that in each row one or more answers are missing. 

Furthermore we note that the missing answers start accuring at exactly 

the row number which equals the multiplication factor. We should 

therefore restriet ourselves to a dynamic range of f ~ B ~ 15. The 

number of times an answer appears in each row can be observed from 

table 7.4. The inhomogeneity in each row can therefore be corrected 

for afterwards. This means that the number of times each row occurs 

should be known. 
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For example: if we take B = 10 and we have a homogeneous 

distribution of numbers A, we obtain twice as many occurrences of the 

results 0,2 and 4 as of the results 1,3,5 and 6. This means that if 

the row B = 10 occurs duringa measurement, we should multiply the 

number of times the answers 1,3,5 and 6 appear by a factor 2. 

These inhomogeneities become less important if the number of bits 

of A and B becomes larger and we are allowed to ignore more bits. 

A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 B 

1 0 
2 0 3 
3 0 2 4 
4 0 1 3 5 
5 0 1 2 4 5 
6 0 1 2 3 4 5 
7 0 1 2 3 4 5 6 
8 0 0 1 2 3 4 5 6 
9 0 0 1 2 3 3 4 5 6 

10 0 0 1 2 2 3 4 4 5 6 
11 0 0 1 1 2 3 3 4 5 5 6 
12 0 0 1 1 2 2 3 ~ 4 5 5 6 
13 0 0 1 1 2 2 3 3 4 4 5 5 6 
14 0 0 1 1 2 2 3 3 4 4 5 5 6 6 
15 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 

Tabte 7.4 Answers of the division 7•AIB, with 0 ~ A < B. 

7.2.3 PracticaL aspects for EARISS 

We can summerize the effects we described above and discuss what 

they imply for the EARISS divider process. We have noted that 

multiplying the division of QE/QT by a prime number yields a 

homogeneous distribution of answers. However for QT smaller than the 

multiplier we do not obtain all possible answers. This means that 

answers with a QT smaller than the multiplier should not be taken into 

account. We have chosen a multiplication factor f = 101. We thus do 

not accuroulate counts with a QT smaller than 101, thereby avoiding the 

effect that some answers do not appear for small Qr's. This 

corresponds to that we limit ourselves to the upper part of table 7.4. 

taking B ~ 7. It means that we have a dynamic range of about a factor 

2.5 in QT. 
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Fig. 7.6.a. Distributton of the division 
E = 101•AIB with a lower limit B ~ 101. 

Fig. 7.6.b. Distributton of the division 
E = 127•AIB with a lower limit B ~ 127. 
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In figure 7.6.a we have shown the distributton of answers which we 

obtain using a factor 101 and a lower limit also set to 101. It is 

clear that although the result is already much better than the 

distributton shown in figure 7.4, it still is not optima!. 

In effect, it would have been much better to take a factor f = 127 

and thus also a lower limit of 127 (fig. 7.6.b). This was however not 

possible. We needed a way of signaling false counts. These are counts 

that have a QE ~ QT (implying an improper amplification), or a QT = 0 

(implying a false trigger pulse from the timing circuit), or (which is 

new) a QT < 101. In our dividers we have used the number 127 for 

signaling those false counts, which means that the number 127 is not 

free to be used as a multiplication factor. 

In figure 7.7 we have photographed the computer screen showing an 

intensity distribution in the MCA memory. The figure was made by 

applying a sawtooth voltage from 0 to 1 V onto the ADC's used for 

measuring QE and Q~ and by applying a DC voltage of 1 V on the ADC 

used for QT. The photograph shows quit clearly that powers of 2 are 

still dominant. We would have expected an almost homogeneaus 

distributton in both the X and Y direction, however variations of over 

a factor 3 in the number of counts can be observed. Corrections for 

this effect will be added to the software. 

274 
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Fig. 7.7. Contents of the two-dimensionat JCA 
memory 1Vi th a hom.ogeneous input on both the azimuth 
and energy channet. Channets equating manifotds of 
2 are prominent . 

The consequence of the effect discussed above is that we lose part 

of the dynamic range in QT. This disadvantage is however compensated 

by a gain in the divider resolution. A solution to this loss in 

dynamic range would be to use 10, 11 or even 12 bits ADC's [6]. This 

ld 1 . 1 di id i f 22 •10 bytes (1 MB RAM) wou a so requ1re arger v er mernor es o 

in case 10 bits ADC's are used. We could then ignore the last three 

bits of the division result by using a multiplication factor of 127 

and thus also setting a lower limit of 127. The lossof those bits is 

compensated by a gain in the dynamic range of QT by a factor 4. (QT 

ranges from 127 to 1023 in stead of ranging from 101 to 255 with 8 

bits ADC's). 
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Another part of the solution to this problem is to record 

simultaneously the pulse height distribution of QT. This would require 

an extra memory board of 64 kB. However this pulse height distribution 

could also automatically be measured after the MCA memory has been 

filled. The obtained pulse height distribution can then be used to 

correct for the number of times each row (B) has appeared in the 

look-up table. The inhomogeneous distribution of each row can then be 

corrected for. More insight in these phenomena is needed to determine 

the optima! solution to this problem. 

The conclusion should be that the product of the dynamic range in 

the denominator and the accuracy of the calculated division is a 

constant. Increasing the dynamic range by using a larger 

multiplication factor automatically result in a lower resolution of 

the calculated answers unless more bits are to be used. 

7.3 The NCA memory and controller interface 

The output of the ADC's is transported to the two divider 

memories. The two divisions QE/QT and Q~/QT yield two 8 bits integers. 

These integers represent an energy and an azimuth (fig 7.1). The two 8 

bits integers are combined to an address in the MCA memory. However 

this MCA memory uses only 14 bits addresses. Therefore two bits have 

to be truncated. The reason why only 14 bits addresses are used is the 

following: Since we would like to accuroulate over 105 counts per 

second each MCA address should be able to contain enough counts. 

Making use of the same memory boards as we used for the dividers (64 

kBytes, 8 bits RAM) would allow us only 28 = 256 counts per address 

which is not nearly enough at such count rates. However these memory 

boards can be programmed to 32 kbytes, 16 bits RAM or 16 kbytes 32 

bits RAM. The former setting would allow for 216 = 65536 counts per 
9 address and the latter setting would allow for over 4 10 counts per 

address, which is sufficient for our measurements. A 16 kB memory uses 

14 bits addresses. The truncation of the last two bits is done in the 

Mode Selecter (MS). The MS enables us to choose the number of bits 

used for the energy or for the azimuth. We could for example use 1 

bits for the energy and 7 bits for the azimuth, thus one bit of each 

divider result is lost. Another possibility would be to use 6 bits for 

the energy and 8 bits for the azimuth or vice versa. This means that 
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we have some freedom to choose the accuracy in the energy or azimuth 

direction. However a higher accuracy in the energy direction 

automatically implies a lower accuracy in the azimuthal direction. 

The controller interface (fig 7.1) is the central part of the 

digital system. It controls the flow of data between the ADC's the 

dividers, the MCA memory and the MS. The controller is a state 

sequencer. This means that a measuring cycle is started at the moment 

a trigger pulse is generated by the timing circuit. This pulse 

triggers both the ADC's and the controller interface. The controller 

uses 50 ns clock pulses. After 350 ns the controller transports the 

data from the ADC's toa buffer register (fig 7.8.). The dividers read 

(''o n•) f-(---J...._..w ... •L---~) fo(---.A.l....lue~---~) ( 1 we ) 

ADC .uFFER 
REGISTER 

Fig. 7.8. Pipe line showing the transport of data 
from the ADC's to the MCA Memory. 

MCA 
MEMORY 

the data from these registers and transport the result in the look-up 

table to a second buffer register. The MS reads the data from these 

second buffers and combines them to a 14 bits address. Next, the MS 

reads the contents of the selected address from the MCA memory. This 

number is then incremented by 1 and the result is written back to the 

same address in the MCA memory. In this way the MCA memory is filled. 

The computer is able to stop the controller after which the 

accumulated counts in the MCA memory can be read. 

The controller enables the digital system to accept a second pulse 

at the moment the previous count has left the dividers This is called 

a pipe line. It means that it is not necessary for the digital system 

to wait for the whole storage process to have finished, but new pulses 

can be accepted after the division has taken place. which in theory is 
5 6 after 1 ~s. This means that countrates of 10 to 10 can be handled. 

We have shown that a countrate of 4 105 is about the maximum we can 

handle at this moment. 

A more detailed description of the MCA memory the controller 

interface is given in by Dijkstra [7] and Knibbeler [8]. 
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7.4 Computer interfaces and control 

All parts of the digital system (the divider memories, the mode 

selector, the MCA memory and the controller interface) are connected 

to an Eurobus system [9]. The Eurobus system is a real time 

maasurement system meant for data acquisition in laboratory 

experiments. It consists of a whole range of exchangeable modules such 

as scalers, digital to analog convertors, ADC's (not the special ones 

we use), liquid crystal displays, memory boards, steppermotor 

interfaces etc. All these modules are connected to a data I address 

bus (Eurobus). This bus can be controlled and addressed by a computer 

system. We have used a Cadmus 9220 computer (1 MB RAM, 40 MB Harddisk) 

with a LSill-bus (Q-bus) to Eurobus converter. This computer uses the 

UNIX-System V oparating system which was modified and extended for 

real time operations. The computer generatas the look-up table for the 

divider memories, it sets the Eurobus system to the right starting 

values and it enables or disables the data acquisition. At the end of 

each measuring cycle the computer reads the data collected in the MCA 

memory and stores them onto the harddisk. This enables a later 

treatment of the datafiles. 

The MCA memory contains a two dimensional height map of the 

accumulated counts in the energy and azimuthal direction. There are 

several ways of looking at such a map. We could for example take one 

single energy channel and plot the measured counts as a function of 

the azimuthal angle, or vice versa. It is also possible the sum all 

channels in one direction thereby obtaining an overview of all 

occuring energies or azimuths. 

In the last stage of our experiments we were able to use another 

computer (Hewlett Packard 9000/350). Since this computer also uses the 

UNIX oparating system we were able to transfer our datafiles directly 

to this computer system without making any changes. The HP 9000 

computer supports a high resolution color grapbics monitor (1024 x 786 

pixels) and a color grapbics printer (Paintjet) plus the associated 

software. 
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The two dimensional height map of the MCA memory can be presented 

on this screen using color as a representation for number of counts. 

Another way of presenting the MCA contents is by making a three 

dimensional picture. Examples of this will be shown in the next 

chapter. 
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Chapter 8. EARISS First Results. 

8.1 Introduetton 

As we have discussed in the last few chapters a lot of problems 

were encountered during the oparation of the EARISS apparatus. The 

three major difflculties, electrical discharges through the channel 

plates, and the problems of radio frequency interference in the analog 

electrical circuit and the grounding of the ground strip, were solved. 

We started our measurements using a Ne+ ion beam with a primary 

energy of 2 keV. Beam intensities usually varled between 30 and 50 nA, 

depending on the focussing properties of the electrostatical lenses 

and the deflection along the beam line. We took a platinum sample 

(polycrystalline foil). This sample does not contain measurable 

amounts of other elements. 

From equation (2.1) we expect a final energy Ef for 2 keV Ne+ ions 

backscattered from Pt of Ef = 1.04 keV. Our first objective was to 

detect counts from backscattered ions arriving at the second 

microchannel plate (MCP). The result was shownaarlier in figure 4.8. 

We were able to dateet countrates of up to 3.8•105 counts per second 

with a background countrate of 80 counts per second from spontaneous 

pulsas in the MCP's. 

The width of the energy window on the first channel plate was 

calculated to be 12 % of the analyzer pass energy. We chose a pass 

energy of 4 keV, meaning the ions entering the analyzer with energies 

between 3760 eV and 4240 eV will arrive on the first MCP. Thus the 

width of the window is 480 eV. From figure 4.8 we observe that the 

detected peak is 560 eV wide. This extra width is caused by the 

convolution of the analyzer window and energy spread of the 

backscattered ions. A rough estimate of this energy spread in the 

backscattered ions is thus calculated to be 560-480 = 80 eV. This 

energy spread is caused by the energy spread in the primary ion beam, 

by the scattering process and by analyzer imperfections. These 

processas add up to this estimated energy spread of 80 eV. 

At this time we can start looking at the collected charges on the 

E- and ~-strips. We would like to dateet an energy dependenee if we 

vary the acealerating potentlal v3 of the zoomlens and we would like 
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to see an azimuthal dependenee if we close the second slit in front of 

the analyzer. This slit bas two openings used for mounting the inner 

part of the analyzer (figure 8.1, §3..4.). These openings should also 

Fig. 8.1. The second slit in the analyzer. The 
unused part of 40° and the two openings of 2° are 
shoun. 

be visible in the azimuthal spectrum. They can be used as a raferenee 

since their position is known. In this chapter we will discuss some of 

the effects mentioned above. 

8. 2 Energy and azimuthal dependendes 

In the first stage of our work we recorded several spectra, of 

which some characteristic examples are shown an figure 8.2.a,b. All 

spectra showed a broad distribution in the azimuthal direction (70 

channels out of 101 ) and a much narrower distribution in the energy 
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Fig. 8.2.a,b. The energy (a) and azimuthal (b) 
distributton in the HCA memory. 

60 

direction (30 channels out of 101). Both the energy and the azimuthal 

spectrum showed rather sharp peaks at the edges of their distribution. 
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We thought that this effect was caused by cross-talk: a higher pulse 

on the energy strips causes automatically a higher pulse to be 

detected on the azimuthal strips. This vision was supported by the 

calculation of the correlation coefficients: the correlation between 

energy and azimuthal pulses would typically lie around 0.85 to 0.95, 

thus indicating that QE/QT and Q~/QT showed a streng coupling. This 

coupling was also demonstrated in another way. When the sample was 

tilted, the effect of this could be seen in the azimuthal spectrum. 

However the tilting could also be observed in the energy spectrum in 

which it behaved in exactly the same way. 

Another observation was done when the potentlal v3 on the last 

part of the zoomlens was decreased. We would have expected that the 

energy peak in shifts to the right. However we observed that the peak 

shifted in the opposite direction: to the left. Part of this shift 

could also be observed in the azimuthal spectrum, however the effect 

was not very clear. 

The cross-talk was then thought to originate in the electrical 

circuit. We discovered that the delay lines between main amplifiers 

and ADC's caused cross-talk and that the ground capacitor for the 

ground strips should be kept large compared to the capacitance between 

the E (or ~) strips and the ground strips. It turned out that this 

capacitor should also have a very low inductance. Although these 

discoverles gave us more insight in the electrical characteristics and 

the dynamic behavier of charge collector and preamplifier circuit, we 

were not able to reduce the correlation between the angular and energy 

spectra. All aforementioned effects could still be observed. 

At this point we started realising that this so called cross-talk 

could also be caused by a defect in QT' since QT is an essential 

signa! for determining QE/QT and Q~/QT. This would would mean that the 

QT measured on the secend microchannel plate (MCP), which we use to 

normalize our collector charges, is not a good representation of the 

number of electrens actually arriving on the collector. 

There are several ways in which the charge cloud emitted from the 

secend MCP can be distorted on lts way to the collector. Firstly 

inhamogeneaus or radial electrical fields between the secend MCP and 

the collector can deflect the electrens in the charge cloud from a 
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straight path. This means that the point of impact of the electron 

cloud on the collector does not correspond linearly with the point of 

origin on the second MCP . 

Secondly the situation can occur in which the charge cloud becomes 

larger than the collector size, which means that the charge cloud 

expands too much. Part of the cloud wil! then be deposited onto the 

conducting layers or onto the collector holder (fig . 8 .3.a). This 
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Fig . 8.3 .a. Too Large eLectron cLouds wiLL Lose 
electrans to the conducting layers and the 
collector holder. 

Fig. 8 .3.b. Charge clouds which fall on the marked 
positions wiLl result in a false detection of their 
point of impact. 

means that we divide QE and Q~ by the wrong number since we divide by 

QT which is the number of electrans leaving the second MCP and not the 

number arriving on the collector (fig. 8.3.b) . This explanation 

accounts for the energy peak rnaving in the wrong direction: if the 

ions are deposited closer and closer to the edge of the MCP. more and 

more electrens of the charge cloud escaping from the second MCP wil! 

be lost in the conducting layers on their way to the collector. This 

means that although the energy strips become relatively larger near 

the outer edge of the collector, we start losing so much of the 

electron cloud that we start dividing by a QT which is much larger 

than the number of electrans actually arriving at the collector. The 
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result is that the answer to the division becomes smaller, insteadof 

becoming larger as we would have expected. The energy peak will shift 

in the opposite direction as the one we expected. 

In the azimuthal direction however, the collector strips are quite 

long. Even if the charge cloud is larger than the radial dimensions of 

the collector, we would still be able to abserve a rather broad 

azimuthal distribution. 

The salution the problem of a too large radius of the charge cloud 

is to increase the voltage across the gap between the second MCP and 

the collector, thereby giving the charge cloud less time to expand 

(§4 .4 and §5.2). This was tried. We increased the voltage across the 

conductlog layer s between the second MCP and the collector to the 

maximum voltage we could achieve, which is about 500 V. According to 

equation (4 . 13) we can calculate the 1/e radius of the electron cloud 

to be 1 .0 to 1.8 mm. This is still a factor 2 larger than the desired 

cloud size. 

Increasing the voltage across the conducting layers significantly 

improved our spectra. Some results wil! be discussed in the next 

section. It is appropriate at this point to mention that we did obtain 

an energy shift in the right direction. 

If we take the problems mentioned above into account, the 

dateetion system can be tested in the following way: 

In order to test the energy dependenee we could image the peak of 

Ne+ ions scattered from our Pt sample onto the center of the first MCP 

by selecting the right accelerating potentlal v3 on the zoomlens at 

the chosen analyzer pass energy. By taking a larger or smaller 

acealerating potentlal we are able to scan this peak across the 

surface of the first MCP. At larger accelerating potentials we start 

imaging other parts of the energy spectrum onto the first MCP. 

Sputtered ions are emitted from a surface with energies up to a few 

hundred eV. Taking v
3 

to be near the pass energy of the analyzer will 

image those sputtered ions onto the first MCP. Since the energy spread 

of these ions is rather large (also in the range of a few hundred eV) 

we have a way of imaging a more or less homogeneaus energy 

distribution on our detection system. This should result in an equally 
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homogeneaus energy distribution measured on our collector. 

The azimuthal dependenee was tested by closing and opening the 

second slit (fig. 8.1, fig. 3.3). lf all inhomogeneities would have 

been corrected for we would expect a rectangular azimuthal spectrum 

when the slits are open. When we close the second slit, only the two 

openings should be observed on the detector. lf we open the second 

slit slightly we should observe the same two peaks an a homogeneaus 

rectangular background. This azimuthal spectrum should also be 

independent of the energy of the detected ions. 

8. 3 EARISS spectra 

In this section we wil! discuss some aspects of the collected 

EARISS spectra using different photographs and prints of the collected 

data. 

+ We used 2 keV Ne ions scattered from a Pt polycrystalline 

surface. The scattered ions have an energy of about 1 keV. They are 

postaccelerated in the zoomlens to 4 keV. After they have passed the 

analyzer (which was set to a 4 keV pass energy) they are focussed onto 

the first MCP. At that point their energy spread is about 2 % of the 

analyzer pass energy, as we have estimated insection 8.1. These 

incident ions are detected and the radial and azimuthal distribution 

is collected in the MCA memory. 

In figure 8.4 we present a three dimensional picture of the 

collected counts in the MCA memory. One axis shows the energy channels 

containing the distribution of QE/QT. The other axis shows the 

azimuthal channels containing the distribution of Q~/QT. The vertical 

axis represents the number collected counts. 

Several aspects of the dateetion system can be seen in figure 8.4. 

The collected counts show up as a steep ridge. This ridge stretches in 

the direction from channel 10 to channel 40. In the azimuthal 

direction it stretches from channel 10 to about channel 90. The ridge 

is not perpendicular to the energy axis. This is presumably caused by 

cross-talk between the QE and the Q~ pulses or by the size of the 

charge cloud still being too large. Furthermore we see that the number 

of collected counts is not homogeneously distributed over the ridge. 

We observe two peaks, one at each end of the ridge. These peaks may be 
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Fig . 8.4. Three dimensional picture of the counts 
collected in the ICA memory. 

caused by electron clouds falling on the strips meant for 

interconnecting all rings and sickl es located in the unused part of 

the charge collector (fig. 5.3.b and fig. 8.3.b) . 

In figure 8.5. we have shown a height map of the same kind of 

ridge as we showed in figure 8 .4. The color in this map represents the 

number of accumulated counts in the MCA memory . From this figure we 

see that the aforementioned ridge i s not a straight line, but it is 

slightly bent to the left at higher energy channels. At the lowest 

energy channels we observe the ridge to be very slightly bent to the 

right, thus causing the ridge to have a very slight S-shape. A 

possible solution for this observation is that the ring of ions 

inpinging on the first MCP is projected slightly off axis on the 
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Fig. 8.5. {Previous page) Height map of the counts 
collected in the HCA memory with a homogeneaus 
energy distributton over all azimuthal angles. 

Fig . 8.10. {Previous page ) Height map of the counts 
collected in the HCA memory with the second slit 
slightly opened and a broad energy distribution. 

charge collector (ftg. 8.6). A numerical simulation has shown that 

this lateral shift can cause an S-shape in the detected signals. A 

possible cause for this off-axis projection is the 13° angle which the 

channels of the second MCP have with respect to the surface normal. It 

Fig. 8.6 . The projection of the electron clouds on 
the collector is slightly off axis. This can cause 
an S-shape in the spectra . 

is plausible that the escaping elec t ron clouds gets a velocity 

component parallel to the MCP surface because of this angle. Due to 

this velocity component the point of impact of the electron cloud on 

the charge collector is shifted laterally with respect to its point of 

origin on the second MCP. Since all MCP channels are parallel this 

would account for the slightly off-axis projection of the ring of 

inpinging ions. This effect could thus cause the S-shape detected in 

the ridge. The effect could also be present if the electrical field 

between the second MCP and the collector has a lateral component . Such 
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a field could cause the same kind of lateral deviations of the 

electrens in the cloud. 

Our next objective is to show that a correct energy shift is 

observed when the accelerating voltage v
3 

is varied. Several 

collected spectra at different voltages are shown in figure 8.7.(a, b, 

c, d, e, f, g, h) 

Starting from the upper leftof figure 8.7. (picture a) we have 

increased the voltage on the zoomlens in 100 V steps from -2.2 kV to 

-3.2 kV (picture h). Each picture is scaled to lts maximum number of 

counts. 

At -2 . 2 kV we observe a rather homogeneous distribution of counts 

over the whole collector area. The counts observed in this picture can 

be attributed to the neutrals we observed earlier (§4.2) due to 

analyzer imperfections. These neutrals have a more or less homogeneous 

distribution over the first channel plate, which means that we detect 

impacts from the entire detector. 

The shape of picture (a) demonstrates that the rectangle we would 

have expected is distorted. At the right we observe a rather straight 

edge but at the left there seems to be part of the detector where no 

incident particles are detected. The upper edge is tilted to an angle 

of nearly 35° with respect to the lower edge. These distortions are 

probably caused by a distorted electrical field in the gap between the 

second MCP and the collector. This distorted field could be caused by 

the conducting layers in this gap. Later, we discovered that the 

conducting layers at the inner edge of this gap differed from those at 

the outer edge (fig. 3.5). This means that the voltage drop in the 

region between the second MCP and the collector is different for the 

inner and the outer conducting layers. The electrical field in this 

region will thus be inhomogeneous. A radial component will be present. 

The electrens leaving the second MCP have a low velocity. Even a small 

electrical field at this point could cause large deflections in the 

electron trajectories. An inhomogeneous electrical field near the 

collector would not be able to cause such large deflections since the 

electron veloeities at that point are much larger. 
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Fig. 8.7. (Previous page) The collected EARISS 
spectra at different settings of the acceleration 
potenttal on the zoomlens. For a further 
explanation see text . 

When we start increasing the accelerating voltage, we see that the 

right edge of the active area receives more counts. The background 

seems to be disappearing because each picture is scaled with respect 

to the maximum number of counts. At an accelerating voltage 

v3 = -2.4 kV we start seeing the same ridge we observed earlier in 

figure 8.4. This is an indication that the ions backscattered from the 

Pt surface are now imaged at the outer edge of the first MCP (compare 

with figure 4.8). Increasing the accelerating voltage shows that the 

ridge starts moving to è.he left in the MCA memory. This is in 

agreement with the shift we were expecting to observe. Each 100 V step 

in the voltage causes the ridge to shift approximately over 10 

channels to the left. The shifting stops at an acceleration voltage of 

-2.9 kV (picture g). At this point the ridge is at the left edge of 

the active area of the collector. The upper part of the ridge at this 

point shows a strong bending to the left. The last picture (h) again 

shows the whole active detector area. The overall number of collected 

counts is much lower than in the previous picture, thus indicating 

that we are starting to observe sputtered ions (fig. 4.8). These 

sputtered ions also cause the right edge of the detector to receive 

more counts. 

From this series of pictures we can conclude firstly that the 

energy dependenee can be observed, and secondly that the shift is in 

the right direction. Within the resolution we can reach at this moment 

the observed shifts are linear over the whole detector range. 

Another experiment we did was to close the second slit. The 

scattered ions can pass through two openings in this slit. This will 

yield two very narrow spots of ions imaged on the first MCP. The 

resulting peaks on the charge collector are shown in figure 8.8. As we 

can see in this figure, the two peaks are just a few channels wide in 

both the energy and the azimuthal direction. 
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Ftg. 8.8. Image of the two opentngs tn the second 
sltt from the collected counts tn the HCA memory. 

We have seen earller that the detected energlas on the collector 

range over about 30 channels in the MCA memory. This should correspond 

to a 480 eV range on the flrst MCP. The energy spread of the 

backscattered !ons on the first MCP was estimated to be about 80 eV. 

From the above we can conclude that this would amount ot about 6 

channels spread in the MCA memory. This is in close agreement wlth the 

wldth of the two peaks of figure 8.8 in the energy direction . 

The openings in the second sllt are only 2° wlde. The total 

openingazimuthof the analyzer is 320°. We have seen that the 

azimuthal range in the MCA memory is roughly about 90 channels. 

Therefore the azimuthal spread of the imaged peaks in the MCA memory 

is estimated to be half a channel. From figure 8.8 we see that the 
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actual spread in the MCA memory is much larger, about 6 channels. The 

extra width is likely due to spiralling ion paths in the analyzer. 

This is quite possible since the azimuth selecter which should 

eliminate such paths is not yet installed. 
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Fig. 8.9.a. Energy distributton of the collected 
counts with the second slit nearly closed. 

Fig. 8.9.b. Azimuthal distributton of the collected 
counts with the second slit nearly closed. 

If we start opening the second slit slightly we can see the other 

angles coming into view in the spectra (fig 8.9.a,b). We also observe 

some increase of the number of counts near the edge of azimuthal 

range, especially at large azimuthal angles. 

From figure 8.8 and figure 8.9.b we can see clearly that although 

the two peaks resulting from the two openings in the detector should 

have been caused by ions with the same energy, the two spots on the 

collector are not detected at the same energy channel. This is again 

probably due to the cross-talk or to the size of the electron cloud. 

We change the acealerating voltage to -3.1 kV. At this setting we 

start detecting sputtered ions as we discussed above. This means that 

we image a homogeneaus energy distribution onto the first channel 

plate. But since the second slit is nearly closed we observe mostly 

those ions passing through the two openings and those ions close to 

the edge of the analyzer azimuthal range (0° and 320°, Fig. 8.3.a). 

The rest of the detector area shows a rather homogeneaus energy 

distribution. From figure 8.10 (below fig. 8.5) we see that there is 

not much distortien at the lower edge of the detector area: the energy 
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ranges from channels 35-40 to channels 60-65 with almost no increase 

in the azimuthal direction, indicating a low cross-talk. At larger 

azimuthal channels we observe that the cross-talk increases since the 

azimuth increases with increasing energy. The lines of equal azimuth 

are tilted up to 35° with respect to the lower lines of equal azimuth. 

The azimuthal angle between the two openings in the second slit is 

105° (fig. 8.3.a). As we can see from figure 8.10, this corresponds to 

about 35 channels in the azimuthal direction in the MCA memory. The 

angle between the first opening in the slit and the lower edge of the 

analyzer range is 115°. The above leadsus to believe that this would 

correspond to about 38 channels in the MCA memory. However we observe 

in figure 8.10 that the lower edge of the area is separatedabout 25 

channels from the first opening . lt seems that the lower edge is 

compressed. Low azimuthal angles do not occur. The same holds for the 

upper edge of the analyzer range: this edge is spaeed 100° from the 

second opening, which should be about 33 channels in the MCA memory. 

The observed number of channels between the second opening and the 

upper edge is about 20 channels. which means that the upper part of 

the detector area also seems to be compressed . 

In the next chapter we wil! summarize the conclusions from the 

measurements presented above and discuss some of the possibilities for 

improving the detection system. 
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9. Concludina Reu.rks. 

In this thesis we have demonstrated that the EARISS apparatus is 
5 able to detect and process up to ~·10 backscattered ions per second. 

The energy and the azimuth of each backscattered ion can be determined 

simultaneously. The energy and azimuthal dependenee have been observed 

in the first spectra, although some distortions still exist. 

A large part of this work dealt with the problems we encountered 

during the first experiments with the EARISS apparatus. We have 

reduced the high frequency interference to an acceptable level. 

Furthermore we have found a way of oparating the chevron construction 

of microchannel plates in a space charge saturated mode. Thereafter we 

have discovered that the size of the charge cloud arriving on the 

collector is still too large. 

Some suggestions concerning further improvements of the EARISS 

detector will be discussed in this chapter. We will distinguish 

improvements that can be made in the detector assembly, in the 

electronic circuit and in the divider and the multichannel analyzer 

memories. 

9.1 Detector assembly 

The most important result of our experiments is that the distance 

between the second microchannel plate (MCP) and the charge collector 

should be reduced. We suggest to reduce this distance of about 7 mm. 

This wil! result in a charge cloud diameter of about 1.~ to 2.~ mm 

(1/e radius of 0.7 to 1.2 mm) on the charge collector at a 200 V 

accelerating voltage. 

Another possible change in the detector assembly is related to the 

conducting layers. Care should be taken that the electrical field 

between the second MCP and the collector is absolutely homogeneous 

with an emphasis on the region close the MCP. The radial field 

strength should be kept at least two orders of magnitude smaller than 

the axial field strength in order to prevent distortions in the image. 

Therefore, we suggest to make the distance between the top of the 

conducting layers and the back of the second MCP as short as possible, 

thereby reducing the effect of fringing fields. 



-111-

A third suggestion is to disconneet these conducting layers from 

the ground strips and the holder of the collector. This conneetion 

could then be made outside the vacuum system which would imprave the 

flexibility of the experiments meant to get insight in the grounding 

of the collector. 

The neon discharge tube that protacts the goldplated ring between 

the two MCP's could be placed outside the vacuum system. The 

disadvantage of this change would be that when a discharge occurs it 

will take about 4 ns extra time for the neon tube to react. An 

important advantage would be that a more reliable kind of neon 

discharge tube can be used . 

We would again like to emphasize that two collectors, which are 

each others mirror image, are in use. Care should be taken not to 

confuse the E- and ~strips. 

9.2 AnaLog circuit 

The grounding capacitor should have a capacitance of at least 20 

nf. Due to the inductance of such capacitors the grounding is not 

optima!. This caused the distortions in the pulses measured from the 

E- and ~-strips. A better capacitor should be sought with a low 

inductance. This capacitor has to be placed as close to the collector 

as possible. The connecting wire should have a very low inductance; a 

copper strip could probably be used. It is important to gain more 

insight in the behaviour of the ground strip at high frequencies. 

Attention should also be paid to the way in which the deposited 

charges are fed into the preamplifiers . Furthermore, the way in which 

the preamplifiers charge their input capacitances influences the 

distribution of charges. More insight in the dynamic characteristics 

(especially the dynamic capacitance) of the preamplifiers should be 

obtained . 

A suggestion would be to conneet the ground strips to a third 

preamplifier. This would mean that the capacitance to ground of each 

strip is exactly the same, and remains the same during the transfer of 

the collected charges to the preamplifiers. This would mean that 

charge shifts through the detector capacitances would be kept to a 

minimum. This test would require the disconnection of the collector 
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holder from the conducting layers, which is the reason why this 

experiment bas not yet been done. 

9.3 Digital circuit 

In chapter 7 we have discussed the effects which occur during an 

integer division. The analog to digital converters (ADC's) we use at 

this moment need adjustment. Furthermore it could be worthwhila to use 

10 bit ADC's. This would increase the dynamic range of the dividers. 

It would then be necessary to use 1 MB divider memories. However. the 

multichannel analyzer would not require adjustments since the divider 

outputs would still be 8 bits numbers. Another improvement would then 

be to accuroulate simultaneously the pulse height distribution of Q1 . 

This would yield a correction factor for each divider row and the 

inhomogeneities in the divider output could be corrected for. 


