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Abstract 

This report is about the accomplishment of the new Neutral Impact Collision Ion 
Scattering Spectroscopy (NICISS) set-up. The set-up is called PROMIS (PRofiling 
Organic Materials by Ion Spectroscopy) and uses the time of flight (TOF) from the target 
to the detector to determine the energy of the backscattered particles. 

The system consists of two vessels and a load loek which are evacuated by a series 
of pumpstoa base pressure of 10-10 mbar. 

The PROMIS enables us to quantitatively determine the composition of the bulk 
near the surface. We are able to obtain concentration depth profiles with a standard 
deviation in the depthof 6.4 A. 

Research is done on the diffusion of Caesium into glass/ITO/OC 1C10 -PPV 
samples. It has been found that the maximum Cs concentration after diffusion is at a 
depth of28 A and the characteristic decay length is 99A. 
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1 Introduetion 

Nowadays much research is done on polymer LEDs. These pLEDs have many 
advantages for the development of large-area displays, because of the good 
processability, low operating voltage, fast response time and color tunability over the full 
visible range. This report is about the accomplishment of a new experimental set-up with 
which research can be done to improve the understandings of the efficiency of pLEDs. 

It started in the early 1960' s when Pope et al. [1] at New York University were the 
first to obtain organic materials with electroluminescent properties. However these early 
devices had high operating voltages and very low efficiency thus they did not attract very 
much attention for two decades. 

Then in 1987 a breakthrough was made by using multilayers of sublimated organic 
molecules [2]. This resulted in reducing the operating voltage dramatically and increasing 
the efficiency significantly. 

The next step forward was in 1990 when Burroughes et al. [3] at Cambridge 
University succeeded in obtaining electroluminescence from diodesbasedon luminescent 
conjugated polymers. This was very promising because it makes low-cost manufacturing 
possible by using solution-processing of film forming polymers. 

Since then many investigations have been focussed on the development of more 
efficient pLEDs. In this the analysis of the metal/organic interfaces, which play an 
important role in the performance, has been an important aspect. For example it is known 
that the doping of a poly(p-phenylene vinylene) (PPV) with alkali metals results in an 
increased device performance. In order to estimate these interface effects on the device 
properties, it is important to know the width of the interface or the concentratien depth 
profile of the interface. 

One of the available methods to make depth profiles is neutral impact collision ion 
scattering spectroscopy (NICISS). NICISS uses a focused beam of low energy (0.5 - 10 
keV) rare gas ions. If only ions are detected (LEIS), deeper layers are not detected 
because the high neutralisation probability of the rare gas results in an extreme surface 
sensitivity. Therefore one needs also to be able to detect neutralised rare gas ions. 

This thesis describes the accomplishment of an experimental set-up that is able to 
detect neutral particles and can therefore be used to determine concentratien depth 
profiles. This new PROMIS (PRofiling Organic Materials by Ion Spectroscopy) set-up 
uses time of flight (TOF) determination of backscartered particles to obtain information 
about the surface and the subsurface. 

For the TOF measurements a pulsed beam is focussed on a target and the time is 
measured that it takes the rare gas atoms to get from the target to the detector. This time 
of flight is related to the kind of atom at which the rare gas partiele is scattered. lt is also 
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possible to determine at what depth the scattering took place. This way it is possible to 
obtain concentration depth profiles. 

Chapter 2 contains the theory and some features of Neutral Impact Collision Ion 
Scattering Spectroscopy. A description of the new PROMIS set-up can be found in 
chapter 3. Chapter 4 shows some of the first experiments that were performed and the 
results that were obtained with the new PROMIS set-up. Finally in chapter 5 the general 
conclusions are given, the results are discussed and some recommendations for future 
work are listed. 
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2 N cutral Impact Collision Ion Scattering Spectroscopy 

2.1 Introduetion 

This chapter will deal with the theoretica! background of Neutral Impact Collision Ion 
Scattering Spectroscopy (NICISS) and Time Of Flight (TOF) in the low energy range 
(0.5- 10 keV). 

In paragraph 2.2 the binary callision model is introduced and explained in detail. In 
paragraph 2.3 the stopping power is briefly discussed. In paragraph 2.4 is explained how 
a general NICISS TOF spectrum can he interpreted as energy or mass spectrum. In 
paragraph 2.5 is shown how a depth profile can he obtained from a TOF spectrum. The 
quantitative representation of the spectra is discussed in Paragraph 2.6. Paragraph 2.7 
describes the deflection of a beam of charged particles due to an electric field. Finally 
paragraph 2.8 is about diffusion of Caesium in a PPV sample. 

2.2 The binary collision model 

Under specific conditions the interaction between target atoms and incoming ions can he 
described by an elastic, binary callision model [ 4]. lt is essential that these conditions are 
fulfilled for NICISS. 

The first condition is that the deBroglie wavelength of the ions is much smaller 
than the lattice constant. Only then the diffi·action effects can he neglected and can the 
ion trajectories ofthe ion and atom he described in a classica} way. 

The second condition is that the interaction must he described with a screened 
Coulomb potential. This means that the callision can he considered to he elastically. 
Since the distance of dosest approach is much smaller than the inter atomie distances and 
the screened Coulomb potential drops faster than 1/r, the interaction can he considered 
binary. 

Finally the interaction time during the callision must he much shorter than the 
vibration time of the target atoms. Then the target atoms can he considered statie. 

All these conditions are fulfilled and therefore the collisions can he considered 
binary. In tigure 2.1 the situation before and after the callision between an incoming ion 
and a target atom is shown. 
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Figure 2.1: Situation befare (a) and after (b) a binary callision 

Considering the laws of conservation of energy and momentum, the energy of scattered 
and recoil particles can he calculated [ 5]: 

(2.1) 

for the scattered particle, and 

E = 4qcos
2 

<l> E 
2 (1 + q y 0 

(2.2) 

for the recoil particle. In equations 2.1 and 2.2, e is the angle of scattering, Cf> the recoil 
angle, K the kinematic factor, E0 the initia} ion energy and 

(2.3) 

in which m 1 and m2 are the masses ofthe incoming ion and target atom respectively. 
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Because the momenturn of a partiele must he real and positive, the following 
restrictions occur from equation 2.1: 

(2.4) 

and q2 -sin 2 8 2:: 0. If q > 1, only the plus-sign will lead to a real physical solution of 

equation 2.1. 

2.3 Stopping Power 

Only a small fraction of an incoming ion heam is scattered hy surface atoms. Many ions 
scatter with atoms in deeper layers. In hoth cases the collision can he treated as a hinary 
callision and the resulting energy immediately after the callision can he calculated using 
equation 2.1, using the energy immediately hefore the collision. While moving through a 
sample, the incoming partiele will lose energy. This happens through excitation and 
ionization in inelastic collisions with atomie electrans ( electronic stopping) as well as 
through small angle scattering events with atoms (nuelear stopping). In the low energy 
regime the stopping power is dominated hy the low angle scattering. On the way out the 
partiele continues to lose energy. This loss of energy is called stopping power and is 
defined as: 

dE 
Sp=--. 

dx 
(2.5) 

The stopping power depends on the incoming ion, on the sample composition and on the 
energy of the incoming ion. 

To ohtain values for the stopping power, three different methods are availahle: 
1. Bragg's rule 
2. Simulations 
3. Experiments 

The first two methods have uncertainties up to 20 percent [6] so in this thesis we will use 
experimental values for the stopping power for helium in hydrocarhons. 

2.4 NICISS TOF-spectrum 

In this paragraph, the essential properties of typical NICISS TOF-spectra will he 
explained using a spectrum that was measured during this research period. 

As from equations 2.1 and 2.3 can he seen, the energy of the scattered partiele 
depends on the atom it has collided with. The heavier the target atom is, the larger the 
energy of the scattered partiele will he. Since energy can he converted to time using the 
kinetic energy relation: 
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(2.6) 

the energy or time spectrum can be interpreted as a mass spectrum. In equation 2.6 l is 
the fixed distance between target and detector and t is the time of flight from target to 
detector. 
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Figure 2.2: A typical NICJSS TOF spectrum of a glass I ITO I OC1C10-PPV sample with 
some Cs, measured with the developed set-up. 

A TOF spectrum as shown in figure 2.2 is not only determined by the binary collisions at 
the surface but also by a broad distri bution of backscartered particles from deeper layers 
in the materiaL Particles scattered in deeper layers are less energetic and have a longer 
time of flight. A continuous concentration of an element results in a surface edge and a 
monolayer of an element results in a sharp peak. 

The spectrum in figure 2.2 clearly shows a peak at 2. 7 )lS and edges at 4.2 )lS and 
5.0 )lS. By using equations 2.1, 2.3 and 2.6 these can be identified as the presence of Cs, 
0 and C respectively. The Cs signa! has this shape because only a thin layer of Cs is 
present on the sample. The increase in signal after the Cs peak and the 0 edge is caused 
by sputtered hydrogen. The signal due to 0 and C shows edges foliowed by a broad 
distribution caused by scattered particles from deeper layers. 
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Figure 2.3: Schematic view ofthe used algorithm 

2.5 Depth Profile 

A recursive algorithm [7] was used to relate the final energy to the depth d at which the 
incoming partiele is back scattered. This was done taking into account the energy 
dependenee ofthe stopping power. As shown in figure 2.3 the sample is divided inlayers 
of thickness L\d. The loss of energy in the different layers is calculated using: 

(2.7) 

The depth dat which the partiele is back scattered is d = n x L\d, Eoin = Eo andEr is the 
energy in layer i on the incoming path. When the partiele is backscartered the energy 
immediately after the scattering is: 

(2.8) 

where K is the kinematic factor according to equation 2.1. On the outgoing path the 
partiele will again lose energy so the energy of the outgoing partiele in layer j is: 

EOUI = Eout - L\dout . Sn(EOUI) forJ· = 1 ton. 
1 1-1 r 1-1 ' 

(2.9) 

Note that in the outgoing path iJd must be corrected fora longer path according: 

L\dout =~ 
icosel· 

(2.10) 
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2.6 Intensity of the spectra 

The collision kinematics treated in the previous sections yields the positions of the peaks 
and edges in the spectra. The peak intensities relate to the amount of atoms in the sample, 
the probability to scatter into a certain angular and energy interval and the detector 
efficiency. 

The probability of scattering in a certain angle is given by the scattering cross
section and is determined by the interaction potential between the target atom and the 
incoming particle. The scattering cross-sections used in this thesis were obtained using 
the simulation software XSec [8]. 

Another factor that influences the intensity of the peaks is the detector efficiency. 
The detector used in our set-up is a Micro Channel Plate Detector (MCP). This kind of 
detector has an energy dependant efficiency. Our detector has been calibrated during this 
research period (chapter 4.3.5). 

The intensity of the signal for the different channels of the multi channel analyzer 
(MCA) is: 

y = _I_· u-----,-·ry:.._·_n__,· M,---
Sp(l +K) ' 

(2.11) 

with: 
I : Ion beam current 
u : Scattering cross-section 
17 : Detector efficiency 
n : Atomie density of the target 
L1E : Energy width of the MCA channel 
Sp : Stopping Power 

This equation enables us to obtain quantitative information about the measured depth 
profil es. 

2. 7 Ion Beam Deflection 

If an ion moves between two plates with non-zero potential, the ion will he deflected by 
the potential V AB between the plates. This situation is shown in tigure 2.4. 

When a voltage VAs is applied on the plates, the force Fy on and acceleration ay of 
an ion in the y-direction is: 
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Figure 2.4: Schematic view of a rnaving charged partiele that is deflected by a potential 
over two deflection plates. 

F = qVAB 
y d 

(2.12) 

qVAB 
aY =--, 

md 
(2.13) 

d is the distance between the deflection plates and m is the mass of the ion. The speed in 
the y-direction vy1 and the position y 1 of the ion at the end of the deflection plates are: 

vy, =aii 

1 2 

Y1 =2ai1 

with the flight time t1 between the deflection plates: 

The flight time from the deflection plates to the aperture will be: 

Equations 2.12-2.17 lead to a total deflection y2 at the aperture: 
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(2.15) 

(2.16) 

(2.17) 



(2.18) 

Depending on the polarity of V AB the beam will be deflected in the +y or in the -y 
direction as shown in figure 2.4. The velocity in the x-direction can be calculated using 
equation 2.6 and will be constant during the flight between the deflection plates. 

2.8 Diffusion 

It is known that the introduetion of alkali metals onto PPV results in an increase of the 
electroluminescence and efficiency of pLEDs. Important in this matter is how the 
deposited alkali metal diffusesin the PPV. 

In diffusion if the diffusing substance is immobilized by an irreversible trapping 
reaction of the frrst order, the removal of diffusing substance is kC, where k is the 
trapping constant and C is the concentration of diffusing substance. The general equation 
for Fickian diffusion in a semi-infmite plane from an instantaneous souree with an 
irreversible first order trapping reaction then becomes [9]: 

(2.19) 

with D the chemica! diffusion constant. Equation 2.19 equals zero in the case that we 
consider a steady state situation. Solving the differential equation for the steady state 
situation, the solution is: 

C(x) = Mqexp(- qx) for (x> 0), (2.20) 

where Mis the initia! amount of diffusing substance and q =(kiD/'. The value 1/q is the 
characteristic decay length. 
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3 Experimentalset-up 

3.1 Introduetion 

This chapter deals with the different parts of the PROMIS (PRofiling Organic Materials 
by Ion Spectroscopy) set-up as shown in figure 3 .1. 

Paragraph 3.2 deals with the essential elements of the Ultra High Vacuum (UHV) 
system. In paragraph 3.3 Time of flight spectroscopy system is discussed. The sample 
positioning system in the ion beam is explained in paragraph 3.4. Paragraph 3.5 deals 
with the data acquisition. The complete route from incoming signal in the detector to the 
spectrum on the screen of the pc is described. It deals with the detector electronics, the 
multi channel analyzer (MCA), The PCI/Serial Highway Controller and the self
developed software to control the TOF measurements. 

3.2 The UHV-system 

The PROMIS set-up consists of two vessels and a load loek that uses a magnetic rod to 
transport the sample from the load loek to the manipulator. There is one vessel for the 
NICISS TOF-measurements (figure 3.1 (C)) and one for sample treatrnent and Auger 
Electron Spectroscopy (AES) (B). 

The main pumps of the Auger vessel are a Varian Vaclon pump (200 lis) and a 
turbomolecu1ar pump (360 1/s) (7 and 9). In combination with a titanium sublimation 
pump (> 1000 1/s (nitrogen)) for hydrogen and other reactive gasses (1 0), they pump the 
vesse1 toa base pressure of -10-10 mbar. 

The TOF-vesse1 is equipped with a turbomolecu1ar pump (150 1/s), ion-getter pump 
(270 1/s) and sublimation pump (> 1200 1/s (nitrogen)) (8, 11 and 12) and has a base 
pressure of -10-10 mbar. 

The load loek (A) is equipped with a small turbomo1ecular pump (60 1/s) (6) and 
the ion souree is differentially pumped by a turbomo1ecular pump (50 1/s) (not shown in 
figure 3.1). 

Two va1ves separate the different parts of the system. One is placed between the 
1oad loek and the Auger vessel (2). The second (3) is placed between the Auger and the 
TOF vessel. 
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A: load loek 
B: Auger vessel 
C: TOF vessel 
1 : transfer rod 
2: va1ve 
3: valve 
4: pneumatic valveto turbomolecular pump 
5: pneumatic valveto turbomolecu1ar pump 
6: turbomolecu1ar pump (60 1/s) 
7: turbomolecular pump (360 1/s) 

8: turbomolecular pump (150 1/s) 
9: Varian Vaclon pump (200 1/s) 
10: sublimation pump (1000 1/s) 
11 : ion-getter pump (270 1/s) 
12: sublimation pump (1200 1/ s) 
13: manipulator 
14: ion souree 
15: TOF detection system 
16: deposition souree 

Figure 3.1: Top view (upper picture) and side view (lower picture) ofthe new set-up 
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3.3 TOF Spectroscopy 

3.3.1 Introduetion 

In NICISS TOF measurements the time is measured from the momentanion reaches the 
target to the arrival in the detector. This time is simply related to the energy of the 
detected partiele and can be used to calculate the mass of the target atom (as explained in 
chapter 2). 

To perform the NICISS TOF measurements, one needs an ion souree with 
focussing elements, a mass filter, a device in which short ion pulses are generated and a 
detector. The ion beam needs to be chopped to enable flight time determination. Figure 
3.2 shows a schematic representation ofthe PROMIS set-up with actual dimensions. 

Ion Souree Deflection plates Aperture Lenses 
Mass Fi lter 157.7° 

...... ;. ........... J--:.-=-=-±--=:==. • ==---------1 V"''" ~ -~~~ : C{]J 
2 cm 20 cm .. -· · · · Target 

Detector 

Figure 3.2: Schematic view ofthe PROMIS TOF set-up 

3.3.2 The ion souree and mass filter 

The Leybold-Heraeus IQE-12/38 Fine Focus ion souree is combined with the Wien Mass 
filter for IQE 12/38. Figure 3.3 shows a schematic view of the ion souree and the mass 
filter. 

The ion generation takes place in the ionization chamber (figure 3.3 (1)). Thermal 
electrous emit from a circular thoriated iridium ribbon filament and are accelerated by an 
anode grid that has a poten ti al of 1 00 V. While traveling to the anode the electrous ionize 
neutral rare gas atoms present in the volume between the filament ( catbode) and anode. 
The anode is shaped in a way that permits the electrous to cross the anode volume many 
times. This increases the collision probability and makes use of an additional magnetic 
field unnecessary. The yield in the collision chamber depends on the electron emission 
current from the filament and the gas pressure in the ion source. The produced 
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1 2 3 4 5 6 Beam line 

1: Ionization chamber 
2: Acceleration potential 
3: Mass filter (WIEN) 

4: Mass defining aperture 
5: Sets ofEinzellenses 
6:Deflection plates 

Figure 3.3: A schematic view ofthe combined ion souree and massjilter 

ions are extracted from the souree volume by a voltage of 150 V and are accelerated to an 
energy between 500 eV and 5 keV (figure 3.3 (2)). 

When the beam passes the extractor electrode, it enters the (Wien-type) mass filter 
(3). This filter is used to purify the beam from neutrals, other ions and differently charged 
ions. The mass filter consists of a permanent magnet and a pair of electrastatic deflection 
plates. The plates are mounted between the magnetic poles to produce an electric field E 
perpendicular to the magnetic field B. The angle between the ion souree and the beam 
line is 1.2°. The mass of the i ons that can pass the filter is [ 1 0]: 

(3.1) 

e stands for the charge of the ion, V is the acceleration voltage, B the magnetic field and E 
the electric field. 

Next the ion beam passes the mass defining aperture (4) that is placed at the end of 
the mass filter. Subsequently the beam is focussed by two sets ofEinzellenses (5). Finally 
the beam can be deflected in the horizontal and vertical direction using two sets of 
deflection plates. These plates are used to direct the beam into the beam line and in the 
direction of the beam chopper. 
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Figure 3.4: Two methods to vary VAB = VA - Vs as function of time. Methad (a) is the 
Impu/se Sweeping method, (b) is the Differential Impu/se Sweeping method. 

3.3.3 Creating Pulses 

To perform TOF measurements chopping of the ion beam is necessary. A commonly 
used pulsing method is electrical chopping. It uses an electrical field to deflect the ion 
beam and is called sweeping method. 

In tigure 3.2 the elements ofthe pulse generating system can be seen. It consistsof 
deflection plates and an aperture. When the applied voltage V AB over the deflection plates 
equals zero, the ion beam passes through the aperture. A pulse is created by changing the 
voltage over the deflection plates. Figure 3.4 shows two methods to do that. The frrst 
method (a) is called the impulse sweeping method. The deflection plates are grounded for 
a short time. During the time that V AB = 0 the beam passes through the hole in the 
aperture: a short pulse is created. The second method (b) is called differential impulse 
sweeping. The polarization of the deflection plates is changed so the ion beam sweeps 
over the aperture creating a pulse at the moment the beam passes the hole in the aperture. 

The PROMIS set-up uses the differential impulse sweeping method. A second set 
of deflection plates is placed perpendicular to the first set of deflection plates. In tigure 
3.5 is shown how the beam is swept over the aperture and the potential steps on the two 
sets of deflection plates. Point 1 in tigure 3.5 (a) corresponds with the point where the 
potential on the deflection plates in the vertical direction, goes from +max to -max. 
Because the potential on the deflection plates for the horizontal direction equals zero, the 
beam follows path 1 in tigure 3.5 (b). At point 2 the beam is deflected to the right, at 
point 3 while it's still deflected to the right, it is deflected upwards without passing the 
hole in the aperture. Next the potential in the x-direction is brought to zero (4) and the 
cycle starts again. 
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VAB 

0 f---+---~--------- --- - -

1 2 3 4 1 

V cv 
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(a) (b) 
Figure 3.5: (a) Potential steps on the two sets of deflection plates VAB is the potential for 
deflection in the y-direction, V cD in the x-direction. (b) shows the followed beam path. 
The numbers in the left figure correspond with the followed ion beam path in the right 
figure. 

By changing the maximum value of V AB one changes the maximum deflection and 
one influences the pulse duration. A simple (ho wever not very precise) way to calculate 
the pulse duration is: 

(3.2) 

In this equation D is the total deflection of the beam on the aperture, s is the diameter of 
the opening in the aperture and tdp is the time the ions fly between the deflection plates. 
The set-up can generate up to 8 104 pulses per second with a pulse duration that can be 
varied between 3 and 15 ns. 

3.3.4 Detector 

The detector used in the set-up is a microchannel plate detector (MCP). This type of 
detector can detect both charged and neutral particles. This is very important since the 
main part of the scattered signal consists of neutralized rare gas ions. A MCP is an array 
of 10 -107 miniature electron multipliers oriented parallel to one another with typical 
diameters in the range of -)..I.m. The channel matrix is fabricated from a lead glass, treated 
in a way to optimize the secondary emission characteristics of each channel. 

lf the incoming partiele induces an electron, this electron is accelerated by an 
acceleration voltage established over the channels and it will induce more electrons. This 
results in an avalanche of electrans that is interpreted as an incoming particle. 

It is known that the detector efficiency varies for particles with different energies. 
Therefore it is important to obtain knowledge about the detector efficiency of the MCP. 
The calibration of the detector is described in chapter 4. 
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3.4 The manipulator 

The samples used in the PROMIS set-up are quite small (- 1 cm2
) and the ion beam in 

which they have to be placed is even smaller. Therefore the TOF vessel is equipped with 
a manipulator from Panmure Instruments Limited. The manipulator has six degrees of 
freedom: translation in the x-, y- and z-direction with a precision of 1 J.lm, and rotatien 
about the x-, y- and z-axis with a precision of 1°. Using stepper motor drives the 
translation in one direction and the rotatien about two axis can be computer controlled. 

Additional features are an oven, the possibility to measure the current through the 
sample and a Faraday cup. 

With the degrees of freedom, the sample can be placed in the ion beam, in front of 
the deposition souree or in the load position and the Faraday cup can be placed in front of 
the ion beam. 

3.5 Data acquisition 

3.5.1 Introduetion 

As shown in tigure 3.6, the particles that reach the detector are converted to a TOF 
spectrum through: self built electronics, the Phybus Dual Multi Channel Analyzer, a 
serial highway controller and a pc that is used as terminal. The software runs from a 
netwerk disk. 

~ r Serlal --0 Detector Electronics MCA Highway 
~ 1-- Controller -

10 al 
DeOeetion 

Jsoftware 

plates 
I 

Network 

I disk 

Figure 3.6: Equipmentfor the TOFmeasurements. 
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TOF register 1 

TOF register 2 

TOF register 3 

TOF register 4 

Figure 3. 7: Schematic view of measuring electranies 

3.5.2 TOF Electronics 

Figure 3.7 shows a schematic view ofthe electranies that measure the time between pulse 
and detector signa!. A 1 00 MHz elock provides 1 0 ns time units that are fed to the four 
TOF-registers through the shift register. When the measurement is started the shift 
register gets a start signa!. The start signal enables the time units to he let through the 
shift register to the TOF registers. These registers count the time units that are fed to 
them. When the shift register gets a signal from the detector (a partiele bas been detected) 
the first TOF register is stopped. The amount of counts in the TOF register bas to he 
multiplied by ten to get the time of flight of the detected partiele in nanoseconds. The 
other TOF registers keep counting until the next detected partiele stops the second TOF 
register. The same happens the third and fourth time. When 4060 time units have passed, 
a stop pulse is generated which stops the shift register and starts the read sequence. 
During this sequence the value of the first TOF register is placed on the data output line 
and a trigger pulse is created which starts the read cyele from the Multi Channel Analyzer 
(MCA). Then the same happens for the second, the third and the fourth TOF register. 
Finally the registers get the reset signal and the next measuring cyele can start. 

One measuring cyele consists of 4060 time units of 1 0 ns, resulting in a measuring 
window of 40.6 JlS. This is much longer than needed in our experiments. Therefore the 
chop electranies were modified by adding the option to create 1, 2 or 4 ion pulses during 
one measuring cyele. Figure 3.8 shows a complete spectrum of a measuring cyele with 4 
ion pulses. The thick lines represent the moments that the ion pulses are created, the 
dasbed line is the moment that the shift register gets the start signal and that the 
measuring time is started. The waiting time can be varied between 1 and 10 JlS with steps 
of 1 JlS. The time needed to do the experiments is with these adaptations decreased with a 
factor up to 4. 
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Figure 3.8: 4 pulse cycles in 1 measuring cycle 

3.5.3 Multi Channel Analyzer (MCA) 

The MCA that is used is the Phybus Dual Multi Channel Analyzer. Only one of the two 
MCA's in this device is used. An analogue to digital converter (ADC) is present on the 
device but because the signal from the electranies is already digital, the ADC is bypassed. 
The MCA histogram memory contains 4096 channels. 

When the MCA is enabled (started), it is waiting for trigger pulses from the TOF 
electronics. When a trigger pulse arrives, the MCA reads the signal on the data line and a 
count is added to the corresponding channel of the histogram memory of the MCA. This 
continues until the MCA is disabled (stopped). The histogram memory can be read and 
saved using the software that was developed within the group FOG. 

3.5.4 Serial Highway Controller 

In order for the MCA and the pc to communicate a PCVSerial Highway Controller is 
needed. The PCVSerial highway Controller is a device that is used for interfacing the 
TUeDACS data acquisition system to the industry-standard PCI Bus. The complete 
TUeDACS system contiguration consists of 3 parts: a PCI/Serial Highway Controller that 
must be connected to a PCI bus of the pc, a Serial Highway/TUeDACS Controller 
located in the TUeDACS system crate (in which the MCA is placed) and an 
interconnection cable. 

3.5.4 Software 

The software that is used in the experiments is developed in the group FOG and controls 
the actions of the MCA. It generates the start (enable MCA) and stop (disable MCA) 
signals, it reads the MCA histogram memory and it clears that memory when the next 
experiment starts. The software also contains some additional features for example 
zooming in on a specific part of the spectrum that is shown on the screen of the pc. 
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4 Experiments and Results 

4.1 Introduetion 

In this chapter the performed calibration experiments and the obtained results are shown. 
Paragraph 4.2 deals with the time calibration of the PROMIS set-up. Paragraph 4.3 is 
about the determination of depth profiles from the TOF spectra. This paragraph is divided 
in four sections: the stopping power, the conversion from final energy to depth, scattering 
cross section and detector efficiency. Paragraph 4.4 shows the results of the first 
experiments performed with the PROMIS set-up: depth profiles of Cs in OC 1C10 -PPV. 
Paragraph 4.4 also gives an estimation ofthe resolution ofthe set-up. 

4.2 Time Calibration 

The chopping electronics have the option to create one, two or four ion pulses during one 
measuring cycle. That results in the same amount of complete TOF spectra (figure 4.1) in 
one measurement. In order to correctly add up the spectra from one measurement, the 
time difference between the spectra was determined from experiments. 

Figure 4.1 shows schematically how the time differences were deterrnined. A gold 
sample was placed on the manipulator and was bombarded with a chopped He+ beam. 
After the measurement the time was determined from the start of the gold peak to the 
start of the next gold peak. This was done for different amounts of pulses in one 
measuring cycle. 

If a measuring cycle contains four pulses the time between them is determined to be 
10.68 f..!S, 10.25 f..!S and 10.23 f..!S respectively. For a measuring cycle containing two ion 
pulses the time between these two pulses was found to be 20.93 f..!S. 
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Figure 4.1: Measuring cycles containing jour ion pulses (a) and two ion pulses (b) is 
schematically shown. In the case of jour ion puls es, the time between the puls es is 10.68 
ps, 10.25 J1S and 10.23 ps respectively. For two pulses the difference is 20.93 J.l.S . 
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Figure 4.2: TOF-spectrum of a gold sample, Eo = 4.5 keV. Notice the photon peak 
(multiplied by 20) at t = 4 ns and the edge caused by the gold at 2. 7 J.l.S . 
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In order to perform correct NICISS measurements, the moment that the ion pulse 
reaches the sample (t = 0) must be determined. Figure 4.2 shows a TOF-spectrum of a 
gold sample. At short times there is a small sharp peak caused by induced photons. These 
photons are produced by inelastic processes involving outer shell electrons of sputtered 
and backscattered particles and the surface itself. The photonpeak corresponds with a 
time of flight of 4 ns and is used to deterrnine t = 0. 

4.3 Quantitative depth profiles 

4.3.1 Introduetion 

In order to obtain quantitative concentration-depth profil es, the stopping power (Sp) for 
Helium in hydrocarbons, the detector efficiency and the scattering cross sections must be 
known. 

In figure 4.3 is schematically shown how the quantitative depth profiles are 
deterrnined. Step 1 is the conversion from the measured time of flight to the energy of the 
detected partiele according to equation 2.6. The recursive algorithm of equations 2.7-
2.1 0 is used to determine the depth at which the partiele is scattered as function of the 
final energy (step 2). To obtain quantitative information, the scattering cross section must 
be known (step 4). Therefore the energy before scattering must be known as well (step 3). 

To be able to use the results in the complete spectrum, fits were made on the values 
of stopping power, scattering cross sections, final energy to depth conversion and 
detector efficiency. These fits will be discussed in the next sections. 

Time OfFlight 

Final Energy 

Depth 

Energy Before Scattering 

Stopping Power 
Scattering Cross Section 

Detector Efficiency 
Depth 

step 1 

step 2 

step 3 

step 4 

F inal Energy 

Depth 

Energy Before Scattering 

Scattering Cross Section 

Depth Profile 

Figure 4. 3: Schematic view of how the depth profile is determined. 
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4.3.2 Stopping Power 

Anderssonet al. [11] obtained values forthestopping power of He in hydrocarbons for 
two different energies. For an energy of 1.07 keV the stopping power was determined to 
be 2.3 ± 0.2 eV A-1 and for 4.12 keV it was determined to be 3.7 ± 0.6 eV A-1

• We use the 
widely assumed linear dependenee of the stopping power on the velocity of the particles 
for lower energies [11]. If the values of the stopping power are plotted as a function of 
the partiele velocity, the linear fit represents the stopping power in the corresponding 
energy range. The linear fit (see tigure 4.4) was found to be: 

Sp = 6.39·10--<i ·v+0.849 (4.1) 

In this equation vis the partiele velocity. Using equation 2.6 we convert this fittoa fit for 
the stopping power as fimction of the partiele energy: 

Sp = 0.0445-JE + 0.849, (4.2) 

Eis in eV. 

5 

4 

Sp = 6.39E-6 * V+ 0.849 

2 

1,_--~---,.---~---.--~----.----r---.----~---r--~ 

200000 250000 300000 350000 400000 450000 

Partiele Velocity (m/s) 

Figure 4.4: The stopping power as function of partiele velocity for He in Hydrocarbons. 
The straight fine is the linear fit through the two points. The function represents the fit 
(stopping power) as function of partiele velocity. 
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4.3.3 Final energy to depth conversion 

This section shows how the final energy of the detected particles is related to the depth at 
which the partiele is scattered. 

Figure 4.5 shows a fit that was made using data points ofthe recursive algorithm of 
equations 2.7-2.10 with a layer thickness ~d = 10 A (see tigure 2.3). A beam ofHe+ with 
an initia! energy of 4.5 keV is used on samples that consists mainly of hydrocarbons and 
contain small amounts of cesium. With all these factors taken into account the fit for a He 
partiele backscartered from Cs is: 

d = 7.80·I0-6 E~nai-0.197Efinal +6.66·102
• (4.3) 

In this equation the depth dis in A and the final energy Efinal is in eV. 
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Figure 4.5: Depth as function offinal energy fora He+ beam of 4.5 keV under an angle 
of 15 7. 7 '. The solid curve is the fit according equation 4. 3. 

4.3.4 Scattering cross section 

In order to normalize the yield the scattering cross section has to be determined. The 
scattering cross section depends on the incoming and the target particle, on the energy of 
the incoming partiele and on the scattering angle. The values for the scattering cross 
section are obtained using the simulation software XSec [8]. Figure 4.6 shows data points 
with a spacing of 500 e V that were obtained with XSec for a scattering angle of 157. 7'. 
The fit through the data points for the scattering cross section of an impinging He partiele 
on a Cs target atom is: 

a= 16.2 · Ein-1.os, (4.4) 

where Ein is the energy ofthe He partiele in eV right before the backscattering. Therefore 
the energy right before the scattering has to be known. Again the recursive algorithm of 
equations 2. 7 - 2.10 was used to generate data points and a fit was made for the energy of 

27 



0,02 

= .~ 0,015 ..... 
C.l 
QJ 

00 

"'-
"' -0 "' --- 0,01 u~ 
OJ)~ =-·~ 
QJ ..... 

0,005 ..... co 
C.l 

00 

0 
0 1000 2000 3000 4000 5000 6000 

Energy before scattering (eV) 

Figure 4. 6: The scattering cross section for the He partiele that scatters in an angle of 
157.7 degrees from a Cs atom as function of the energy right befare the scattering. The 
data points are obtained using the simu/ation software XSec, the solid curve is the fit 
according to equation 4.4. 
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Figure 4. 7: The energy of the He partiele right befare it sealters from a Cs partiele as 
function of the depth at which it scatters. The data points are obtained using the recursive 
algorithm of equations 2. 7-2.10 and the solid curve is thefit according to equation 4.5. 
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the He partiele right before the backscattering. The result is shown in figure 4.7 and the 
fit is: 

Ein = 6.40 ·10--4 • d 2
- 3.84 • d + 4.50 ·103

, (4.5) 

gn is in e V and the depth d is in A. 

4.3.5 Detector Efficiency 

The secondary electron yield of a MCP is assumed to be linear with the velocity of 
the incoming partiele [12]. Note however that other investigations have suggested a 
quadratic velocity dependenee of the electron yield [ 13]. That resulted in different fitting 
parameters but yielded equally good fits to their experimental data. 

Figure 4.8 shows the He detector efficiency of the detector as a function of the 
detector voltage using Heions with final energy 4.16 keV. Saturation starts around 2100 
V therefore the detector efficiency measurements as function of the He final energy have 
been performed with detector voltage Vdet = 2200 V. 

In order todetermine the detector efficiency ofthe MCP detector in the new set-up, 
the backscartered yield for He+ on a gold sample was measured for several incoming ion 
energie. According to equation 2.11 the spectra are compensated for the differences in the 
beam currents and scattering cross sections. Figure 4.9 shows the He detector efficiency 
of the detector as function of the final partiele energy. A trendline has been added to the 
figure basedon the assumed [12] linear dependenee to the velocity at low final energies. 
For energies larger then 2.7 keV the saturation regime takes over and a regular trendline 
was added. This is the region where the secondary electron yield may still be increasing 
linear as function of the partiele velocity but there are enough secondary electrons to 
result in an avalanche of electrons, which is seen as the detection of an incoming partiele. 
The total fit for the detector efficiency is: 

1J(E) = 3.19 ·10-2 .JE- 0.802 

1J(E) = -9.05 ·1 o-s · E 2 + 7.24 ·1 0--4 · E- 0.452 

where Eis the energy ofthe incoming partiele in eV. 
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Figure 4. 8: The He detector efficiency as function of detector voltage. 
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Figure 4.9: The He detector efficiency as function offinal He energy at detector voltage 
Vdet = 2200 V. 
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4.4 Diffusion of Cs in OC1C10 -PPV 

This section shows the results of the first experiments that were done with the PROMIS 
set-up on glass/ITO/OC 1C10 -PPV samples. It is known that doping the PPV of pLEDs 
with alkali metals increases the electroluminescence and efficiency of pLEDs. 

Different amounts of Cs were evaporated on glass/ITO/OC 1C10 -PPV samples to 
get insight in the diffusion of Cs in the PPV. The amount of deposited Cs is calculated by 
integration ofthe depth profiles offigure 4.10 and is 1.6 1014 and 2.5 1014 Cs atoms/cm2

• 

The Cs depth profiles in tigure 4.10 show clearly that the concentratien of Cs under the 
surface is higher then at the surface. The maximum concentratien is found at a depth of 
28 A. Using equation 2.20 we fmd the characteristic decay length 1/q to be 99 A. We can 
use the equation because as determined the depth profiles did not change in periods of 
days, hence we can consider it a steady state situation for which equation 2.20 is a valid 
solution of the diffusion equation 2.19. 
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Figure 4.10: Cs dijfusion profiles (averaged over 3 data points) for the different amounts 
of deposited Cs on OC1C1o -PPV. The amount of deposited Cs is calculated by 
integration of the spectra and amounts to 1. 6 1014 and 2. 5 1014 Cs atoms/cm2

. The curves 
through the depth profiles are fits to an exponential decay function with a characteristic 
decay length of 99 A. 
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In order to get an idea of the resolution of the set-up, a depth profile was made for 
the C contribution in the PPV. Figure 4.11 shows the depth profile for the carbon step. 
The step width is determined to be approximately 20 A and the center is positioned at 
0 A. This results in a standard deviation of 6.4 A. Therefore this scale can be used for 
interpretation of other diffusion depth pro files . 
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Figure 4.11: The depth profile for the C step in the PPV spectrum. The step width is 
approximately 20 A, which results in a standard deviation of6.4 A. 

32 



5 General Conclusions and Recommendations 

The UHV -system works satisfying and the pressure in both vessels can be kept well at 
~10- 10 mbar. Because the load loek is separated from the transfer rod, the transfer rod can 
be held under UHV all the time. This reduces the pressure rise during sample transfer. 
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Figure 5.1: Two NICISS TOF spectra of one glass!ITOIOCICJO-PPV sample. The black 
spectrum is taken at a group in Leipzig, the other spectrum is taken with the PROMIS set
up. 

The NICISS TOF-system is working well. To show an indication for this, two NICISS 
TOF spectra are shown in tigure 5.1 of one glass/ITO/OC1C10 -PPV sample. One of the 
spectra was taken with the NICISS TOF set-up of the Institut für Physikalische und 
Theoretische Chemie at the University of Leipzig and the other with the PROMIS set-up. 
It shows almost identical spectra. At a time of flight larger then 6 /-lS, the spectrum of the 
PROMIS decreases faster. This is probably due to a better detector efficiency for low 
energies ofthe set-up in Leipzig. 
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Figure 5.2: depth profile of a pure gold sample. 

The calibrations to obtain depth profiles are performed correctly. To check this a depth 
profile was made from a pure gold sample. The obtained depth profile should he constant 
because the sample consists only of gold. A depth profile of a pure gold sample is shown 
in figure 5.2. The stepwidth at 0 A is again ~20 A. The depth profile is fairly constant 
untill a depth of 300 A. The increase beyond 300 A is probably due to the error in the 
establishment ofthe detector efficiency. He particles backscattered from adepthof 300 A 
have a final energy of ~1700 eV. For lower energies the detector efficiency is not well 
defined. The problem is that the beam current of the ion souree rapidly decreases when 
the initial energy of the ions drops below 2000 eV, which increases the error in the 
determination of the detector efficiency. Therefore it is recommended for future work to 
do more measurements on the detector efficiency in the final energy range 0-1700 eV. 

The diffusion of Cs in PPV has been investigated for two different amounts of deposited 
Cs. The peak in the concentration is for both amounts at a depth of 28 A and the 
characteristic decay length is 99 A. Identical measurements done in Leipzig show a 
maximum concentration of Cs around 26 A and a characteristic decay lengthof 75 A. lt 
must he said that the amount of deposited Cs was much smaller then in our case but 
according to the equations of paragraph 2.8 the characteristic decay length should he 
independent of the deposited amount of Cs. So it seems that the diffusion of Cs in PPV 
cannot he completely described by equations 2.19 and 2.20. More research is needed to 
get complete understanding of the measured differences. 
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