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1) Introduction 

The first elastic scattering experiment was the so-called Geiger–Marsden experiment (also 
called the Rutherford gold foil experiment). From this landmark experiment, the scientists 
discovered that every atom contains a nucleus where its positive charge and most of its mass 
is concentrated [1]. They deduced this by observing how alpha rays are scattered when they 
pass through a thin metal foil. The experiment was performed in 1909 by Hans Geiger and 
Ernest Marsden, under the direction of Ernest Rutherford at the Physical Laboratories of the 
University of Manchester. In 1914, Marsden also observed the first recoil reaction [2]. The first 
nuclear reaction (14N + α → 16O + p) was observed by Rutherford in 1919. 

The first particle accelerator was built in 1930 by John Cockcroft and Ernst Walton. Protons 
with an energy of 200 keV were accelerated along a straight line to test for a phenomenon 
known as Gamow's tunneling [3]. Their attempt to observe the phenomenon failed, and they 
concluded that a higher energy accelerator would be needed. Thus began the quest for higher 
and higher energies that continues to this day. A fully artificial nuclear reaction and nuclear 
transmutation was achieved in 1932 using artificially accelerated protons against lithium-7, to 
split the nucleus into two alpha particles [4]. 

Rutherford Backscattering Spectrometry (RBS) and Elastic Recoil Detection Analysis (ERDA) are 
based on the same scattering events investigated by Marsden. RBS method was used later by 
nuclear physicists to determine the thickness of thin layers used in their experiments. Explicit 
energy spectra were not published until the 1950s (in papers on the quantum mechanical 
calculation [5] and analytical chemistry [6]). But the RBS technique did not become useful for 
materials analysis until more convenient silicon diode detectors were available, with the first 
paper by Georges Amsel on Si diode detectors in 1960 [7] and Turkevich's immediate proposal 
for the Surveyor Moon mission in 1961 [8]. In 1967, the Surveyor 5 used an alpha-scattering 
surface analyser to measure directly the abundances of the major elements of the lunar 
surface using a 5 MeV alpha source [9]. RBS depth profiles were not published until 1970 [10]. 
Although there was a few attempts of ERDA-like experiments in transmission mode [11, 12] 
ERDA for the analysis of light elements was demonstrated by L’Ecuyer [13] using 35Cl beam. 
The recoil analysis technique was adapted soon to determine 1H depth distribution using 4He 
beam [14].  

The full range of analytical techniques with ion beams includes many methods based on the 
same principles as illustrated in Figure 1: firstly, a beam of MeV ions is aimed at the sample. 
These projectiles penetrate, losing energy continuously at a well-known rate. Along their 
trajectories, there is the chance for collisions with nuclei and with electrons. Secondly, the 
products of these interactions are emitted from the sample, with probabilities determined by 
the respective interaction cross-sections, and are finally measured and collected spectra 
carrying information on the chemical composition of the sample and the elemental depth 
distributions. 
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Figure 1 . Aim of ion beam analysis (IBA): depth dependent element (or isotope) analysis. 

With particle induced x-ray emission (PIXE) one measures x-rays arising from the filling of 
inner-shell vacancies produced by the projectiles. The x-ray energies are characteristic for the 
respective elements. 

In Rutherford backscattering spectrometry (RBS) one records projectiles elastically 
backscattered from nuclei of sample atoms. The measured energy depends on the mass of the 
target nucleus (and thus on the element or isotope) and also on the depth of the scattering 
event beneath the surface. 

Elastic recoil detection analysis (ERDA) is also based on elastic scattering. One records the 
target nuclei recoiled by the scattering of projectiles. The measured energy depends on the 
mass of the recoil and on the depth of the scattering event. 

Nuclear reaction analysis (NRA) relies on the measurement of the products (p, d, etc.) of 
nuclear reactions between projectile and target nuclei. The recorded energy of the products 
gives information on the specific target nucleus and, in general on the depth of the reaction 
event. 

In addition, there are many other techniques, as for example, particle induced gamma ray 
emission (PIGE), charged particle activation analysis (CPAA), scanning transmission ion 
microscopy (STIM), Ionoluminescence and ion beam induced charge imaging (IBIC). 

Many of these techniques may be applied simultaneously. For example, PIXE, RBS, ERDA, NRA 
and PIGE instrumentation may all be installed in the same vacuum chamber and applied at the 
same time. In the present laboratory measurement, only RBS and ERDA methods will be used 
to characterise various samples. 

The advantage of RBS and ERDA methods: 

 “Non-destructive”. Although the ion beam analysis (IBA) is at the same time also an 
ion implantation, which causes some damage in the sample, the depth profile of 
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elements (or isotopes) determined by IBA is usually originated from the undamaged 
region of the samples. Special care is needed for polymers, or organic materials, etc. 

 If the cross sections are known, the measurements are absolute. No calibration 
samples are needed. 

 The elemental composition as a function of depth can be determined in the first 1-2 
µm. 

 Combining IBA with channelling effects, the depth profile of damage or the lattice 
location of foreign atoms in the crystal can be determined. 

2) Elastic scattering 

Before dealing with the technical details of instrumentation for RBS [15, 16] and ERDA, let us 
summarise briefly the method itself. In RBS, those incident ions of M1 mass and Z1 atomic 
numbers are detected, that scatter back elastically from the target nuclei (M2, Z2) to the 

detector direction of Q, while in case of ERDA, the recoiled target atoms are detected. 

 

Figure 2. Schematic of the elastic scattering 

Due to the conservation of momentum and energy, their energy, E1 and E2, are unambiguously 
determined by M2, i.e., the energy distribution of scattered ions (energy spectrum) describes 
the elemental composition of the investigated target specimen: 
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Here the k and l kinematic factors for RBS and ERDA are characterised by the target atom; E0 

is the energy of the incident ions and Q  and  are the scattering and recoil angles. In Eq. 1 
usually the + signal is valid except for M1>M2, where both sign is valid. In this latter case, there 

is a maximal scattering angle of Qmax = arc sin(M2/M1). If the incident energy and type of the 
incident ions is chosen in such a way that their scattering from the target atoms will be 
predominantly pure coulomb scattering (e.g., 0.5-5 MeV He ions), the probability of the 

scattering i.e., the differential cross section of 
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(��,��,��,��,��,Q), can be calculated 

from basic principles using the Rutherford formula [15-16].  
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Knowing the cross sections, the areal density, Nt, of the various elements in thin films can be 
determined from the area, A, of the corresponding peaks in the energy spectrum without 
applying any calibration standards: 
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where  is the incident angle of the ions, Q is their number, and   is the solid angle of the 
applied detector. In practice, Q is given through the charges of the ions (1 µC = 6.242 * 1012 
piece of single charged ions). 

 

Figure 3. Schematics of the RBS and ERDA measurements using He beam. 

The above simple picture holds only for infinitesimally thin target foils. For thicker samples, 
both the incident ions and the scattered or recoiled ions interact with the electrons and atoms 
of the sample. In this interaction, they lose their energy. The stopping power, S is characterised 
by the energy loss per unit length. S is proportional with the density n of the material. 
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The energy dependence of the stopping cross section � can be found in the literature. Several 
theoretical works of Bohr [17], Bethe [18], Bloch [19], Firsov [20], Lindhard [21], Sigmund [22], 
Brice [23], Winterbon [24] give contribution to understand the slowing down processes. In 
practice, to calculate � tabulated data and semi-empirical approximations [25,26, 27] are very 
useful. Nowadays the stopping power can be calculated with various codes, e.g., SRIM (TRIM) 
[28]. If the sample material contains several elements with a concentration of ci and stopping 
cross section of ��, the stopping cross section of the compound can be calculated using the 
Bragg-rules [29] 

  � = ∑ �����  (7) 

The schematic of the measurements can be seen in Figure 3. If the reaction is occurred at 
depth x, the energy of the ion just before the reaction can be calculated as:  
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where  is the incident angle of the ions. The Sin(E) is the stopping power of the incident ion 
at the actual energy E and the integral has to be calculated to the inward path. After the 
scattering or recoil event, the energy of the scattered and recoiled particles can be calculated 
by kinematic factors determined in Eqs. 1 and 2: 

 �� = ���       and  �� = ���,  (9) 

respectively. The energy of the particles, when they just leave the sample can be calculated 
as: 

 ���� = �� − ∫ ������(�)� ��

�

��� �

�
 (10) 

where i and  are 1 and R for RBS and 2 and E for ERDA. The R and E outgoing angles are 
measured from the outgoing particle direction to the sample normal; Sout(E) is the stopping 
powers of the outgoing particles at the actual energy, the integral has to be calculated to the 
outward paths. In case of ERDA, the particles also have to go through an absorbent foil. In this 
case, the detected energy, Ed,E is:  

 ��,� = ����,� − ∫ ����(�)� ��
�
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 (11) 

The detected energy is Ed,R = Eout, R  for RBS.  

If the scattering happened at a depth x, which is not too deep in the sample, i.e. the energy 
dependence of the stopping power can be neglected Eq. 10, and the detected energy can be 
written in the following form: 

 ��,� = ���� − [�]� (12) 
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The energy difference, E between the scattering from the surface and a given depth x is given 
by: 

 ∆� = [�]� = �[�]� (14) 

The energy scale of the measurement can be transformed to depth scale using Eq. 13. 

a) b) c)  

Figure 4. Schematic of RBS spectra. a) monoisotopic sample and b) the resulting sample, c) 
spectrum of homogeneous mixture of two monoisotopic elements.  

Due to the stopping powers, the RBS spectrum is composed from step like functions. The 
height of the sub spectrum is determined for each element: 
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where ��� =
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�(����)
��, and �� is the energy width of a channel. 

In RBS and ERDA, the depth profile of a given element is extracted from the experimentally 
measured energy spectra. However due to the various energy loss processes, the energy of 
the ions is not well defined. The energy resolutions obtained even with the best experimental 
set-up are still limited by effects of both extrinsic and intrinsic origin as illustrated in Figure 5. 
The extrinsic energy spread contributions arise from the experimental conditions i.e., energy 
and angular spread of the beam, geometric spread caused by the finite beam spot and 
detector solid angle, detector resolution and the effects of the absorber foils used when 
present. As for the intrinsic contributions, they are connected to the sample itself, like 
projectile energy straggling and multiple scattering, or possibly the Doppler effect due to the 
thermal vibration of the target atoms. The energy spreads corresponding to these 
contributions may present probability distributions that differ markedly in shape, like 
Gaussians or multiple scattering induced long tailed spectra. In the calculations of the total 
energy spread, these different contributions should be combined appropriately [30]. 

From the energy resolution, Ed(x) of the methods two main parameters can be derived; 

namely the depth resolution, x and the mass resolution, M2(x). 

 

Figure 5. Energy spread contributions from extrinsic and intrinsic origin. 

Because of the energy resolution of the methods, the edges, sharp peaks will be spread out in 
the real measured spectra. Therefore, from the shape of the edges, the energy resolution can 
be determined experimentally. The half width of the distribution assuming Gauss distribution 
has to be measured with 12 and 88 percentage at the height of the peaks. 

In case of ERDA, the effect of the absorber foil has to be taken into account.  

Unfortunately the cross section of 1H(4He,1H)4He reaction is non-Rutherford. In the RBX code, 
which will be used in the laboratory work, several non-Rutherford cross sections are involved 
[31, 32]. 
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Beside energy, depth and mass resolution, one of the other important parameters is the 
sensitivity of the methods. Sensitivity is defined as the minimum quantity of an element, which 
can be detected for a moderate charge of incident ions (say 4 μC). It is dependent on the cross 
sections and the detector solid angle. The latter is kept normally in such a way that the opening 
of detector has an acceptance angle, which is comparable or smaller than the kinematic 
broadening. RBS has a very good sensitivity (of the order of parts-per-million (ppm)) for heavy 
elements in thin layer on a lighter substrate. While for light elements, its sensitivity is low 
because the absolute cross-section is low and also because the light element signal frequently 
has a heavy element background. The sensitivity of ERDA for hydrogen is about 0.1 atomic per 
cent. 

Ions flying along major crystal axes or planes of single crystalline samples might penetrate 
deep in the sample without suffering close interaction with nuclei of atoms positioned in 
atomic rows or planes [33,34]. This “channelling effect” is caused by repulsive electrostatic 
forces arising between the positively charged atomic nuclei of ions and sample atoms. 
Combination of channelling with RBS (or other IBA methods), hence, might give information 
on such details as crystalline quality of the sample or lattice location of various impurity atoms, 
as well. Depth distributions of the above properties can also be obtained by RBS. 

Questions, tasks: 

 Why is the RBS detector placed near to 165 deg? 

 What is the maximum scattering angle of a 4He+ ion scattered from hydrogen (1H)? 

 Calculate the solid angle of the detector if it is placed 110 mm away from the sample 
and its effective surface is 25 mm2! 

 What thickness of a Mylar absorber foil should be placed in front of the 25-degree 
detector to stop all-the scattered particles if the incident beam is 3 MeV 4He+? Use the 
TRIM program [28]. 

 Mass-depth ambiguity of RBS/ERDA: particles scattered from different masses 
emerging from different depths can reach the detector with the same energy. How can 
we solve this problem? 

 Is it important to know the sample density to interpret the spectra? 

 Why does absorber foil need for ERDA? 

3) Instrumentation 

For valuable measurements, from which quantitative information might be obtained with 
reasonable precision, all the so far mentioned parameters have to be precisely known or 
defined by the experimental setup. 

To perform RBS analysis, typically the following instrumentation is necessary. An instrument 
that generates the suitable energetic ions; a beam line that shapes the ions into a well-defined 
beam and directs them onto the sample, which is positioned in a scattering chamber. A 
detector together with the necessary electronics observes the energy distribution of the 
backscattered ions, which is then handled and evaluated by a suitable computer code (see 
Figure 6). 

The most common type of accelerators used for the application of ion beam analysis 
techniques, from their early development until today, are the electrostatic accelerators. The 
most widespread ion beam analysis techniques, PIXE and RBS, define most of the 
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requirements on the accelerator. Protons and alphas in the energy range 1-3 MeV are the 
most frequently needed ions. Broader range of energies (both lower and higher) and ions 
(heavier ions) will in principle enable a wider range of analytical possibilities. Beam currents 
of less than 1 µA (easily delivered by a typical electrostatic accelerator) are sufficient for all 
existing characterisation techniques. 

Electrostatic accelerators are operated today in basically the same way as their prototypes 
constructed at the beginning of thirties. The most successful of these were Cockcroft-Walton 
and Van de Graaff type accelerators. 

 

Figure 6. Schematic overview of the RBS setup. Energetic ions are generated by the 
accelerator and directed to the sample by the beam line. The scattered ions are detected by 

the detector, which signal is evaluated by the electronics and the PC. 

In 1932 J. Cockcroft and E. Walton at Cambridge built the accelerator based on voltage 
multiplication which was able to accelerate protons upto 380 keV energy. Cockcroft-Walton 
accelerators were used for decades mostly as neutron generators (using (d,n) reactions), until 
the recent revival of the similar principle found in new MeV tandem accelerators built without 
moving parts (HVEC singletron and tandetron) [35]. 

Producing a 1 MV potential difference between the terminals of two belt charged generators, 
R.J. Van de Graaff demonstrated in Princeton in 1931 a principle of the most known 
electrostatic accelerator — the Van de Graaff. Since then a large number of MeV energy 
accelerators using the Van de Graaff generators were built enabling numerous experiments in 
the field of nuclear structure research. 

The main part of the Van de Graaff accelerator is the high voltage generator. It consists of a 
continuous conveyor belt that carries electrostatic charges (sprayed by the DC power supply) 
up to a hollow terminal. The high DC potential is maintained by a charge continuously flowing 
back to the ground through a voltage divider of very high resistance. A beam of positive ions 
is extracted from the chamber with a RF oscillator ionised gas inside the terminal (a positive 
ion source). The positive ions are then accelerated through the accelerator tube to the ground 

potential. Such single-ended accelerators are used for the production of protons and -
databases between a few hundred keV and a few MeV energy. Positive ions can be produced 
from any atom of the periodic table with many available ion sources. However, a difficult 
access to the ion source that needs a power at a potential of some million volts limits the 
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range of ions that can be conveniently produced. A review by Alton [36] describes the 
principles of existing positive and negative ion sources. 

More versatile Van de Graaff accelerators are tandems, having a negative ion source outside 
the accelerator and a two-stage acceleration with a pair of accelerator tubes. A stripper 
channel inside the high voltage terminal is used to strip the electrons from the accelerated 
beam of negative ions. Either a thin carbon foil (2-5 µg/cm2), or a low-pressure gas in a narrow 
channel is used as a stripper. 

Already accelerated ions are accelerated again over the same potential difference. The total 
energy which ions acquire is (n + 1)V, where n is the charge state of the ion emerging from the 
stripper at the terminal voltage V. 

Larger range of energies and most of the ion species can be produced in tandem accelerators. 

Voltages as high as 20 MV could be achieved in tandems. However, tandems that accelerate 
ions in the low MeV energy range are today the most common, due to the frequent application 
of ion beams to materials characterisation. Instead of the conventional belt, many of the new 
accelerators today have a chain of insulating and metallic links (NEC pelletrons) [37]. 
Electrostatic accelerators are mounted inside a pressure vessel (tank) that contains the high 
pressure insulating gas. Perhaps the best gas for this purpose is sulphur hexafluoride (SF6,) 
but various mixtures of N2 and CO2 are also used. 

Ions emerging from the accelerator pass through the analysing magnet, used for the selection 
of particular energy and ion having the same magnetic rigidity: 
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where, B is magnetic induction, M1 and E are particle mass and energy, q its charge and r is 
the radius of curvature. After the analysing magnet, the beam passes through the switching 
magnet, which directs the beam to the appropriate beam line. Magnetic and/or electrostatic 
focussing (quadrupoles) and steering (deflectors) are needed to direct the beam towards the 
experimental target chamber. 

More about the fundamentals of charged particle acceleration and beam transport can be 
found in numerous books and reviews. In particular the book by Humphries [38] and the 
review of the history of electrostatic acceleration by Bromley [39] are suggested. 

4) Data analysis software 

Computer methods in the data analysis of ion beam techniques date back to the 1960’s and 
1970’s. These techniques were developed in parallel with the beginning of the new 
semiconductor and other high-tech technologies. New needs for ion beams in the production, 
modification and characterization of novel materials arose in semiconductor and thin film 
technologies. Numerous software packages are presently being used by the community for 
ion beam analysis, including both general-purpose tools suitable for one or more techniques 
and codes dedicated to specific problems or techniques. A short history of computer data 
analysis in ion beam techniques can be found e.g., in Refs. [40, 41]. 

The most frequently used particle-particle nuclear data analysis software codes, which 
available to the IBA community for thin film depth profiling, have been compared and 
evaluated in [42]. 
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The simulation modelling used in all IBA software assumes that the underlying physics, 
mathematics and nuclear and atomic data are valid, and adequately describe the physical 
processes involved. Starting from a known sample structure, the corresponding experimental 
energy spectrum, be it either particle or electromagnetic, created from ion beam interactions 
can be theoretically simulated from a few basic data, and the known formalism of the reaction 
spectrometry. Comparing the experimental and theoretical spectra, after a few user-
conducted iterations where the assumed composition of the sample is iteratively modified, a 
close similarity of the spectra is accomplished. The sample structure leading to the theoretical 
spectrum is then taken to correspond to the material’s sample structure. 

Of emerging importance is the necessity for IBA users to have sufficient confidence and 
evidence of the ability of the software codes to produce reliable and correct results, if used 
properly. 

Spectrum synthesis: 

In an analysis of solid by RBS or ERDA the sample is bombarded by ions of a given energy, 
atomic number and atomic mass and the energy E and number of particles Y(E) scattered or 
recoiled into a given angle recorded. An RBS spectrum is a plot of the yield Y(E) versus energy 

E with E channel width. The first step of any calculation is to define all measuring parameters. 
In the standard RBS methods, all parameters are described in laboratory system. The main 
input parameters are the following:  

E0  Energy of ions before hitting the target in keV,  
Z1  Atomic number of ions (all atoms),  
M1  Atomic mass of ions (all isotopes),  

Q Detection angle measured from the beam direction,  

 Target tilt (It is the angle between the beam direction and the surface 
normal),  

 Angle between the outgoing particles and the surface normal,  
Q Number of incident particles,  

 Solid angle of the detector and  

E Detector resolution.  

The relation between Q,  and  depends on the position of the detector (see Figure 8). In the 
case of IBM geometry, � = Q − α, and in CORNELL geometry cosβ = cos� cos(� − Q). The 
calculation of some special effects needs additional input ( e.g. beam current ibeam for pile-

up calculation, and shape of the beam spot and detector or its collimator diaphragm for 
geometrical straggling, etc.).  

The next step is to describe the sample in a formal way. Most of the simulation programs 
consider the sample as a stack of sublayers, each with uniform composition. The input 
parameters of each layer are the thickness d and the elementary composition (the atomic 
number zi and the mass mi and the relative composition ni).  

The scattering geometry is shown in Figure 3 for standard RBS and standard ERDA. This 
schematic diagram includes the kinematics, the energy loss and the depth scale together with 

the shape of the spectra. The �(�) is the energy dependent stopping cross section, (E) is the 
differential cross section, Ai and Hi are the area and the height of the i-th peak, respectively. 

Let us consider the scattering events occurring in a thin slice of the target with a thickness of 
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x at a given depth x. Particles arriving at the front surface of x have energy E1, that transform 
into kE1 after scattering, where k is the kinematic factor. After leaving the target the particles 
have an energy of Eout. The differences of E0 and E1 and that of kE1 and Eout are due to the 
energy loss along the incoming and outgoing path, respectively. In the ERDA method, an 
absorbent foil is placed before the detector. In this case, the detected energy Edet is different 
from Eout due to the energy loss of ions in the foil and it depends on the thickness and 
composition of the absorbent, too. 

 

Figure 7. Basic element of spectrum synthesis: the brick. 

The simulated spectrum is constructed by superimposing the contributions from each isotope 
of each sublayer in the sample. In the first step, we neglect the statistical energy fluctuations 
due to the instrumental system resolution and the energy straggling of particles. In this case 

the contribution is considered as a brick of height Hi
F, Hi

B , and position of Ei
F  and Ei

B  (Figure 

7). If the energy width of the brick of the i-th element is equal to the channel width E of the 
ADC, then the detected yield is the following:  
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where ni is the atomic concentration of the i-th element at x’ depth and x is the effective 

thickness (the path of penetration) of the slab. 

The first factor is Q, the number of projectiles bombarding the target. In most cases, the 
determination of Q is solved via measuring the integrated charge carried by the ions onto the 
target sample. The precision of this measurement depends on the neutral fraction of the beam 
and the number of secondary electrons created by the collision of ions with the constructing 
element and the target. The precision of determination is usually 5-10 % and depends on the 
efficiency of secondary electron suppression. In our laboratory, precision is better than 1 % 
can be reached using transmission Faraday cup [43]. 
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The second factor, 
��

�
 is the differential scattering cross section. In the standard RBS methods 

it is assumed that the differential scattering cross section is a Rutherford cross section. At 
lower energy and for higher Z elements the core electrons screen the nuclear charges from 
each other, thus reducing the cross section somewhat below the Rutherford value [44]. This 
assumption is valid in the range about 800 - 2400 keV for He and 50 - 700 keV for H. In the 
case of He ions the light atoms have some resonances above this energy ( for example 
12C(,)12C, 14N(,)14N, 16O(,)16O, etc.), but the deviation of the cross section of the 
heavier target atoms from the Rutherford one may be neglected up to 4 MeV. For H ions above 
a few hundred keV the cross section of elements differs from Rutherford cross section, and in 

this range, the (E) function cannot be written in a general analytical equation for all the 
elements. Often the effects of the nuclear resonant scattering processes enhance the elastic 
cross section over the Rutherford values by a factor of 2-3 orders of magnitude. However, 
there are some energy regions too, where the cross section is less than the Rutherford value. 

Non-Rutherford spectra may also be evaluated using fitting functions. In the last years, many 
fitting functions on experimental cross section data have been published. Cross sections for 
many reaction can be calculated by SigmaCalc; this calculator provides evaluated 
(recommended) differential cross sections for Ion Beam Analysis [45]. 

Several fitting functions are built into the RBX program [46] (the (E) function can be linear, 
polynomial, Lorentzian, Breit-Wigner, enhanced Rutherford, etc.). The energy-cross section 
values or the parameters and energy limits of these methods are saved in cross section library 
files. RBX includes a utility program to create and maintenance these libraries. 

In the RBS and ERDA measurements, the solid angle of the detectors is relatively small; 
therefore, the integration of cross section over the detection angle can be replaced by an 
average cross section value measured at the centre of the detectors. The variation of cross 
section between the front and back surface of the thin slab depends on the energy loss of 

penetrating ions. In most cases these energy losses in a slab (corresponding to E) is a few 
keV, and the change of the cross section can be neglected. For narrow nuclear resonances a 
numerical or analytical integration must be performed. The calculation time can be decreased 
if the integrated cross section data are stored in table. The precision of calculation depends 
on the density of the experimental points around the resonance energy.  

The third factor in Eq. 17, 
n

n
i

total

, describes the relative atomic concentration of the i-th element 

in the current layer. However, most of the simulation programs assume that the concentration 
of the elements in sublayers is uniform and concentration steps may be found only at the 
interfaces. 

Uncertainty of the measurement 

Accurate measurements of quantity of material are hard to make in thin films, as are accurate 
measurements of their stoichiometry as a function of depth. RBS spectra are interpreted 
quantitatively through a generalization of Eq. 17 and appropriate numerical integrations, 
using the electronic energy-loss database. To determine the accuracy of the method, all the 
uncertainty of the explicit and implicit parameters can be considered; and an analysis of the 
uncertainty budget has to be performed. In ref [47], the sorts of protocols are shown that 
needed to achieve high accuracy of 1% (1σ) for RBS. 
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5) Measuring system at Wigner FK 

In the laboratory practice, ions produced by a 5-MeV Van de Graaff type accelerator of Wigner 
FK will be used. The energy spread of the beam is typically less than 1 keV. The beam line 
consists of a long vacuum tube of typically 10-4 Pa pressure equipped with various beam-
handling elements. Diaphragms define the position, shape and size of the incident ion beam 
(typically ~1x1 mm2). For channelling experiments, two diaphragms are mounted about 1m 
from each other, because the angular divergence of the beam has to be limited below 0.1o. 
The necessary direction and position of the beam can be ensured by beam steering elements 
(small electromagnets or electrostatic deflector plates). Magnetic quadrupole lenses focus the 
beam to reach high intensity at a given beam size (typically a few tens of nA is necessary for 
RBS).  

To perform absolute RBS measurements, one has to know precisely the number of incident 
ions (Q in Eq. 5, 15). This typically is determined by integrating the electric charge carried by 
the ions. This information is important in RBS, because in some cases light elements do not 
contribute significantly by counts to the spectra, they are seen only through their energy 
stopping. In these cases the yield of the thick samples decreases, which effect might be easily 
misinterpreted as a result of a smaller number of incident ions. In case of reliable 
determination of the measuring dose, the decreased yield unambiguously indicates the 
presence of light elements and call the attention of the experimentalist to repeat the 
measurement under conditions more sensitive for the light elements, e.g. p-RBS (RBS 
performed by protons) or ERDA (Elastic Recoil Detection Analysis, i.e., observation of target 
atoms that became repelled out from the sample when the incident ions scatter back 
elastically from them). 

The beam current can be measured using a so-called transmission Faraday-cup. Using this 
method a precision of ~1% can be reached [43]. 

The measurement itself is performed in the scattering chamber. It is connected to the 
accelerator through the beam line and consists of the following parts. A vacuum vessel that is 
evacuated by a vacuum system; a sample holder that holds and moves the sample(s) in a 
suitable way; and detectors mounted to suitable detector holders, that observe the 
backscattered particles. To avoid the interaction of incident or emitted ions with gas atoms in 
the target chamber, the vacuum in the chamber is kept around 10-4 Pa.  

Unfortunately, hydrocarbon molecules from the vacuum ambient are continuously deposited 
to the sample surface. There, being excited by the incident ions at the beam spot, they 
decompose into chemically reactive fragments. These fragments form new chemical bonds 
resulting in a non-volatile polymer layer on the surface. This layer might substantially disturb 
the RBS measurements, e.g. by shifting down all the characteristic energies as both the 
incident and backscattered ions lose energy when crossing it. To reduce the hydrocarbon 
deposit, liquid nitrogen cooled traps are used.  

There is a multiple-sample, two-axis goniometer in the scattering chamber as shown in Figure 
8. The beam spot has to remain at the same position at any tilt or azimuth angles, i.e. all the 
axes should intercept each other in the point where the beam hits the surface of the sample.  

RBS and ERDA measurements will be performed simultaneously using two ORTEC type 
charged particle semiconductor detectors mounted to detector holders. Schematic of the 
detectors are shown in Figure 9. The Si wafer is fixed into a metal housing by epoxy glue, and 
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then contacted by two layers of different metals (e.g. Au and Al). Finally, the whole unit is 
completed with an electric junction (e.g. microdot or BNC). The thickness of the depleted 
region varies with the reverse bias applied on the metal contacts. Never touch the surface of 
the detectors by hand! A fingerprint on the gold surface is enough to destroy the diode 
characteristics of the detector. 

The applied voltage has to be carefully chosen. If it is too small, the thickness of the depleted 
layer might be shorter than the range of the ions in the detector; furthermore, the energy 
resolution of the detector will be worse than at the ideal voltage (always given by the 
manufacturer). At too high voltages, because of electric breakdown, high current might flow 
through the detector, destroying it completely. The same might happen, if the sensitive 
surface of the detector is illuminated by intense light. Light emitted by insulating samples 
through ionoluminescence might also damage the detectors. In such cases so called 'blind' 
detectors (the surface of which is covered by a thin light tight metal layer) have to be used. 
Moreover, there is a critical pressure range of 5 Torr < p < 50 Torr, where the probability of 
corona discharge events, which will eventually destroy the detector and the pre-amplifier, is 
high. 

a) b)  

Figure 8. a) Multiple-sample goniometer. The sample holder plate can be translated 
independently of the goniometer. By this solution orientation of the sample can be performed 

at a fixed beam spot on the sample and vice versa, the sample can be moved without 
changing its crystallographic orientation. b) detector geometries: Special detector positions 

are also indicated. CORNELL geometry: the detector is in the plane containing the tilt axis and 
the beam direction. IBM geometry: the detector is mounted in the plane, which contains the 

beam line and is perpendicular to the tilt axis. 

RBS detector has mounted to 165o degree at Cornell geometry, while ERDA detector together 
with a Mylar foil with suitable thickness to stop the scattered beam particles is mounted in a 
movable holder in IBM geometry (see Figure 7). 
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The principle of operation of the electronics setup is relatively simple as is diagrammed in 
Figure 10. The solid-state detectors are connected to preamplifiers, which generate a pulse 
for each incident ion. The height of the pulse is proportional to the energy of the detected 
particle, if the particles completely stop in the depletion depth. This signal is further amplified 
and shaped by a spectroscopic amplifier and is digitized and displayed by a multichannel 
amplifier (MCA). An external Mixer/Router module is used to handle the simultaneous 
measurements. 

 

Figure 9. Schematic drawing of a surface barrier detector. The Si wafer is fixed into a metal 
housing by epoxy glue, and then contacted by two layers of different metals (e.g. Au and Al). 

Finally, the whole unit is completed with an electric junction (e.g. microdot or BNC). The 
thickness of the depleted region varies with the reverse bias applied on the metal contacts 

  

Figure 10. Basic electronics set-up for RBS/ERDA measurements 

By the development of computer technology, data acquisition became one of the tasks of the 
data analysis computer. For the simplest single parameter pulse-height analysis, MCA is today 
just an electronic module inserted in one of the slots of a personal computer, with an external 
ADC, or ADC being incorporated into the module. The memory needed to store the data is 
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now the main computer memory and the hard disc, while the computer screen is used for the 
spectrum display. 

To interpret the spectra the RBX code [46] will be used. 

6) Tasks for the laboratory practice 

In the following tasks has to be solved during this practice: 

 Mount the samples to the sample holder.  

 Then the position of the measurements has to be determined using a special 
microscope.  

 Write in the laboratory book the name of the samples and their positions. 

 Open the scattering chamber. 

 Mount the sample holder to the goniometer. 

 Mount the detectors to the scattering chamber. 

 Close the scattering chamber and start the pumping. 

 If the vacuum is good enough, set the beam. 

 Set electronics. 

 Determine the energy calibration of detectors 

 Perform RBS and ERDA measurements on the samples. 

 Write all the necessary information in the laboratory book. 

 Evaluate the energy spectra 

 Write the final report. 

a) Sample handling 

At first the samples has to be fastened to the sample holder. Be careful; do not touch the 
samples by hand! It is very important that the samples have to be identifiable even after the 
RBS/ERDA experiments.  

You might also investigate your own samples. (In this case, please, bring 1-2 samples to the 
first measurement day, and we will discuss this possibility.) 

The following samples shall be placed in the sample holder: 

 mm paper 

 thin layer Au 

 single crystalline silicon 

 a-C:H/Si 

 #1 Si (Xe) 150 keV. Si single crystal implanted with Xe+ ions. The implantation was done 
at room temperature. 

 #2 Si (Xe) 400 keV. Si single crystal implanted with Xe + ions. The implantation was 
done at 300 oC. 

 #3 Ti / Si pattern, sign: N2. Evaporated Ti layer on single crystal silicon. 

 #6 Ti / Si pattern, sign: N2. Evaporated Ti layer on single crystal silicon. After 
evaporation, the sample was annealed at 450 oC. 

 #7 Porous Silicon, Sign: PS486. Anode current was 0.5 mA / cm2. 

 #10 Porous Silicon Sign: PS520. Anode current was 2 mA / cm2. 
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 #11 a-C:H/Si. An amorphous carbon layer on silicon carrier 

 (The samples might be changed, but the task will be similar.) 

The sample holder is a 9 x 7.5 cm metal plate with only a 5 x 6 cm part of the useful area. Here 
you have to fix the samples with glues or clamps. The coordinates of the measurement points 
can be determined by a microscope. In the field of view of the microscope, a green light point 
indicates the position of the beam. For each sample exchange, the measuring points has to be 
measured and recorded in the record with an accuracy of at least 1 mm. Don't forget to include 
a calibration point! This is a point drawn on the mm paper. 

b) Vacuum System 

Measurements will be made in the scattering chamber connected to the EG-2R Van de Graaff 
accelerator. The chamber contains a two-axis goniometer on which the samples are fixed. The 
first axis is the so-called “TILT” axis, by which the angle between the analysing ion beam and 
the normal of the sample surface can be changed. At TILT = 0o, the beam is perpendicular to 
the sample,. The samples can be tilted up to 90o with an accuracy of 0.05o. The other axis is 
the so-called “AZIMUTH” axis, which coincides with the normal of the sample surface. The 
sample can be rotated from 0o to 360o with an accuracy of 0.05o. This axis is not used for the 
present measurements. Samples are fixed to an X-Y table that can be moved with an accuracy 
of 0.1 mm. The table is driven by computer-controlled stepper motors. The position of the 
sample can also be read visually. Let’s note that never rotate the azimuth axis further than the 
range 0-360o to avoid the cable of the motors getting in the gears of the goniometer. 

Measurements are carried out under high vacuum, which means that the vacuum in the 
chamber must be better than 3x10-4 Pa. Extraction of hydrocarbon gases remaining in the 
chamber is provided by liquid-nitrogen cooled traps. The vacuum system block diagram is 
shown in Figure 11. 

a) Open the chamber 

The chamber must be vented to mount the sample holder to the goniometer. 

It is very important before venting: 

THE GATE VALVE BETWEEN THE ACCELERATOR AND THE TARGET CHAMBER HAS TO BE 
CLOSED! 

DETECTOR BIAS: BIAS CONTROL HAS TO BE TURNED OFF; THE UNIT HAS TO BE SWITCHED OFF! 

SUPPRESSOR VOLTAGE HAS TO BE SWITCHED OFF! 

THE VALVE BETWEEN THE CHAMBER AND TURBOMOLECULAR PUMP HAS TO BE CLOSED! 

The venting process is as follows: 

1) Turn off the detector bias and switch off the unit. 
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Figure 11. Schematic of the vacuum system.  

2) Switch off the suppressor voltage! 
3) Close the gate valve between the accelerator and the target chamber! 
4) Close the pneumatic valve between the pump and the chamber! 
5) Loose the screws on the chamber window! 
6) Open the venting valve! 
7) Open the valve of N2 bottle! 
8) We wait until the window loosens and then closes the venting valve! 
9) Close the valve of N2 bottle! 
10) Open the chamber! 

b) Inserting the sample into the scattering chamber 

The sample holder plate is secured with 2 screws to the XY table. After loosening the screws, 
the holder can be shifted towards the motors and removed. Two lamps have been installed to 
make the work easier in the chamber. 

The washers on the sample holder should be mounted on the new holder and then reinserted 
into the chamber. 

Set the position of sample holder near to the orientation point. (It is useful, if the beam will 
not reach the samples during the beam setting procedure). 

Put the detectors to the chamber! For ERDA measurements, an absorbent foil with suitable 
thickness must be placed in front of the detector that will filter the scattered He ions and 
passing only the ejected H ions to the detector. 
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c) Pumping 

Before closing the chamber, check whether the detectors are in place and remove the 
detector protection caps. 

Check whether the turbomolecular pump works. This pump is equipped with automatic 
protection that monitors the presence of cooling water and power supply and, in case of 
failure, stops the system and boosts the turbomolecular pump. This pump is designed for 
permanent operation, so it is not being resumed by restarting. 

The process of vacuum preparation is as follows: 

1) Replace the window and tighten it with the screws. 
2) Start the second prevacuum pump to remove air from the chamber. 
3) Open the valve in the pre-vacuum line. 
4) Switch on the vacuum meter. 
5) Wait until the vacuum is better than 5 Pa (about 15 minutes). 
6) Close the valve in the pre-vacuum line and switch of the pre-vacuum pump. 
7) Open the pneumatic valve between the turbomolecular pump and the chamber. 
8) Wait until the vacuum is better than 3-4x10-4 Pa. 

Fill the nitrogen traps only if you have already checked the beam in the chamber and have 
verified that all electronics are working. 

d) Beam 

The ion beam required for the measurements is provided by the EG-2R accelerator. Hydrogen, 
deuterium, helium, nitrogen and argon positive ions can be accelerated in the energy range 
of 0.5 - 5 MeV. The analysing magnet separates the accelerated ions by energy and mass in 
the, and bends the vertical beam to the horizontal beam lines. The switching magnet bends 
the beam to the various beamlines. We use a scattering chamber placed in the +30o line. The 
beam can be stopped and observed using various movable quartz plates. The ions in the quartz 
generate blue light, so the beam shape (cross section) can be seen with eyes. The last quartz 
identifier in front of the scattering chamber is #5. For the laboratory practice, the accelerator 
operator prepares the beam until the quartz. To prepare a good beam in the chamber is one 
of the students' tasks. 

There is a collimator system between the accelerator and the scattering chamber. Its role is 
to limit the size and divergence of the beam. For the measurements, a beam with a size of 1x1 
mm with a divergence of 0.01o is used. A transmission Faraday-cup is located between the 
collimator system and the sample holder. This equipment measures the incoming charges 
when the ion beam is interrupted by the propeller. The propeller catches and measures the 
beam at a time rate of 1:10, so the number of incoming charges is 10 times larger than the 
measured value. 

Task: guide the ion beam through the collimator system to the samples to obtain a stable 
current with the appropriate intensity. 

To guide the ion beam, the following devices can be used as shown in Figure 12: 
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 Quadrupole Magnet: An ion-optical lens located between the analysing and the 
switching magnet; that can be used to focus the beam. 

 Deflector Magnets: Magnets that change the position of the beam both in X 
(horizontal) and Y (vertical) directions. 

 Beam Profile Monitor: This device measures the cross-sectional distribution of the 
beam. Right in front of Quartz V is BPM V (Beam Profile Monitor). The device measures 
an X and Y section. The result can be displayed on the oscilloscope in the control room. 

 Quartz V: The quartz is located in front of the valve separating the accelerator from 
the scattering chamber. Here you can adjust the shape of the beam before the beam 
reach the collimator system. We can also measure quartz current. 

 Manual Quartz plates: After each collimator, there is a rotatable quartz where the 
shape of the beam can be observed. 

 Transmission Faraday-cup: It is located after the last collimator. By stopping the beam 
with the propeller, the ion current can be determined with greater sensitivity. The 
current integrator is located in the control room, but the current can also be observed 
on an external instrument beside the chamber. 

 Current on the collimator slits: Ion current is continuously measured on the four-sector 
collimator slits. The magnitude of the ion current is shown by a cross-shaped LED 
display. Higher the current, more LEDs are on. It is a great help in guiding the beam to 
the chamber. 

 

Figure 12. Elements used at the beam entrance of the target chamber 

The accelerator operator sets the beam to quartz V. If the setting is correct, the beam can 
reach the samples easily. 

Before let the beam to enter the chamber, check the followings: 

1) The current in quartz V is 1-2 µA. 
2) The size of the beam in quartz V should be 5x3 mm. The size can be adjusted using a 

magnetic quadruple lens between the analyser and the switching magnet, the remote 
controller of which is located under the quartz. If there is too much deviation from the 
desired size, it is worthwhile to completely defeat the quadrupole magnet and then 
focus the beam again. 

3) Display the beam profile monitor in Figure 12. The horizontal (X) position can be 
controlled by the switching magnet and the horizontal deflection magnet. The vertical 
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(Y) position can be changed with the vertical deflection magnet. It is useful to write 
down the setting values obtained with the last ions of the same energy and mass and 
next set the same values. 

4) The vacuum in the scattering chamber should be less than 3x10-4 Pa. 
5) Switch on and reset the current integrator unit of the transmission Faraday-cup (in the 

control room). Set the following values: fs = 2 10-7 A, pps = 100. 

Set the beam as follows: 

1) Open the pneumatic valve between the chamber and the accelerator. Check that the 
vacuum value has not deteriorated too much (> 10-3 Pa). If yes, close the valve and 
check the vacuum system! 

2) Stop the rotation of the propeller of the transmission Faraday-cup and manually rotate 
it into the path of the beam. In this case, the current meter acts as a Faraday-cup. 

3) Switch on the suppressor voltage. 
4) Remove quartz V and let the beam to go to the transmission Faraday-cup. 
5) If the current meter does not show current, we will first try to bring the beam with the 

horizontal small deflection magnet. Slowly adjust the magnet to monitor the beam 
current meter. If the pointer of the current meter does not go anywhere, set the meter 
to a more sensitive position and repeat the search. Meanwhile, we observe the values 
shown by the four-sector slits. This indicates which direction the beam should be 
moved. 

6) If the beam has been fed into the current meter, the current will be optimized with the 
horizontal and vertical deflection magnets to obtain about 10-20 nA. 

7) Check the beam on the quartz behind the slits. We need to get a 0.2x1 mm or 1x1 mm 
square homogeneous image, depending on the experiments. Check the beam image 
on the quartz or mm paper mounted on the sample holder. Move the X-Y sample table 
to the correct position and turn on the motor of the propeller. Rotate the goniometer 
tilt axis to 45 degrees and check the beam image with the naked eyes. 

8) Set the beam position to mm paper. At tilt 0o, let the beam tp burn the paper, and 
rotate azimuth angle from 0 to 180. Then close the beam. If the beam setting is correct, 
only 1 point can be observed on the paper. If you see a circle, the beam is not parallel 
to the azimuth axis. 

9) Tilt the sample holder from 0 to 80 and observe the position of the beam on the mm 
paper. If the tilt axis is on the sample surface, the beam remaining on the same spot, 
but become wider. 

10) Push the V pneumatic quartz. 
11) Set the X-Y coordinates of the orientation point. 
12) Let the the beam on the specimen holder and determine the difference between the 

spot created by the beam and the orientation point. This difference has to be taken 
into account, to find the correct position of the samples determined by the 
microscope. 

e) sample holder 

The X-Y sample holder is controlled by stepping motors. They are controlled by a PC placed 
next to the scattering chamber. The program is called SampleMoverServer. 
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After starting the program, the current position of the sample holder will be asked. You have 
to check it on the scale of the sample holder and type it. 

The samples can be changed using several options. The simplest way is just entering the x, y 
position of the sample holder (taking into account the x, and y corrections). But you may list 
the samples, and if you scan the sample holders it is possible to load and see where you are 
on the sample holder as shown in Figure 13. 

 

Figure 13. Remote controller of the goniometer 

To change the sample position go to the Position tab. The picture shows the list of samples 
and the sample holder image. You can go to the given measurement point by double-clicking 
on the sample name in the list on the left, or selecting the pattern from the drop-down menu 
in the middle. The movement of the sample holder can be monitored by the hair cross shown 
in the picture. If you do not want to enter a predefined coordinate, you can click the X or Y 
button to enter the new coordinates. 

During the measurements, the sample holder can be controlled from the workstation in the 
control room. Here you have to start a program called Sample Mover Client, which will contact 
the program in the target room after the start. The use and appearance of the program is 
similar to the Server program. Here we can do all the operations, too. 

f) Electronics 

Devices needed to make the experiment 
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DEVICES IN TARGET AREA: 

1) Surface barrier detector positioned at an angle of 165o relative to the beam (RBS). 
2) Surface barrier detector mounted to movable holder (ERDA). 
3) NIM / BIN frame and power supply 
4) High Voltage Power Supply (ORTEC). 
5) Preamplifier (ORTEC 142 / A). 
6) Pulser 6 (ORTEC 419) 
7) High Voltage Power Supply (Suppressor voltage) 

DEVICES IN CONTROL AREA 

1) Linear Amplifier (ORTEC 671). 
2) Gate (ORTEC 542) 
3) Mixer-Router 
4) MCA (ORTEC) 
5) IBM PC Computer 
6) Current integrator (BIC) 

The block diagram of the signal processing chain is shown in Figure 14. 

 

Figure 14. Block diagram of signal processing electronics using PCA4k MCA card. 

Electronics settings: 

The equipment is continuously used for measurements in the laboratory, so the electronics 
are set to a generally usable value. The purpose of this setting is to determine the best energy 
resolution and best signal/noise measurement parameters. 
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The default setting for the equipment is: 

DEVICES IN TARGET AREA: 

1) High Voltage Power Supply: Check the box of the detectors! 
2) Preamplifier (142 / A): No setting required 

DEVICES IN CONTROL AREA 

1) Linear Amplifier (671): Coarse gain: 100, Fine Gain: 7.0, Input: pos/neg (depending the 
type of the detector) is used to amplify and form the signals of the 165o detector. 

2) Linear Amplifier (672): Coarse gain: 50, Fine Gain: 7.0, Shaping time: 1 µsec, BLR: car, 
Input: pos/neg (depending the type of the detector) 

3) Multi-Channel Analyser: ADC GAIN: 2048. 
4) Current meter (BIC) fs = 2x 10-7, pps = 1k, C = 4000. The charge value is obtained using 

the formula Q = 10 * fs * C / pps in Coulomb. The above setting means 8 micro 
Coulombs. 

The applied setting has to be written into the lab book! 

USING A MULTI-CHANNEL ANALYSER CONTROL PROGRAM 

The PCA4K type multichannel analyser card placed in the workstation or ORTEC MCA 
connected to the PC can be controlled by a program. A multiplexer (or mixer-router) is 
connected to the MCA, which can be used to process 4 detector signals simultaneously. We 
will use 1 or 2 detectors for lab measurements. 

Workstation Operating System MS Windows XP. After entering the operating system 
(Username = ELTE, Password = lab) you must start the PCA4K or ORTEC MCA control program. 
The two codes are very similar to each other. PCA4K is shown in Figure 15. 

The top line shows the menus and shortcuts below the measured spectrum. At the bottom of 
the window are drawing adjustment buttons, counters and cursor positions. 

Before starting the measurement, the parameters of the analyser must be set using the 
Settings or Preset command of the MCA menu. 

ADC: 2048 

Preset: external count: The preset value should be set to the same value that was set on the 
BIC meter. 

You can start a measurement by clicking on the COLLECT button. The measurement stops 
automatically when the charge specified in the PRESET is applied to the sample. You can also 
stop the measurement manually using the COLLECT button. 

The measured data must be saved in a file with the Save command on the File menu item. The 
saved files can be evaluated using the RBX program. 
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Figure 15. Control code for MCA 

Menus mean: 

 File: File Actions (Save, Load, Exit) 

 MCA: Configuration (Starting, Stopping, Deleting Parameters, Measurement) 

 Ratemeter: Set the dead time display 

 Auto: Set and control automatic measurement 

 Help: Help (currently unavailable) 

Shortcut meaning from left to right: 

 Open to load a spectrum from a file 

 Save to save the measured spectra to a file 

 Collect Start, stop measurement 

 Clear Deleting the spectrum 

 1/1 Displaying the full spectrum 

 ½ Display the first half of the measured spectrum 

 2/2 Displaying the second half of the measured spectrum 

 ¼ Display the first quarter of the measured spectrum. When using a mixer, the 
spectrum measured by the first detector. 

 2/4 Displaying the second quarter of the measured spectrum. If a mixer is used, the 
spectrum measured by the second detector. 

 3/4 Displaying the third quarter of the measured spectrum. If a mixer is used, the 
spectrum measured by the third detector. 

 4/4 Displaying the fourth quarter of the measured spectrum. If a mixer is used, the 
spectrum measured by the fourth detector. 

 In addition to the buttons, you can see the instrument showing the dead time. 

Meaning of buttons and captions in the line below the spectrum: 

 Moves the spectrum to the left 

 Moves the spectrum to the right 

 Total measurement time in seconds 

 The selected display mode 
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 Cursor position in channel number 

 Number of detected particles in the channel corresponding to the cursor 

 Spectrum magnification 

 Full vertical zoom 

 Horizontal compression of the spectrum 

 Horizontal magnification of spectrum 

The bottom line is: 

 The smallest visible channel number 

 The value of the preset counter 

 Vertical reduction of the spectrum 

 The full spectrum is visible 

 The maximum number of visible channels 

g) Samples, tasks, evaluation  

The sample list is given in the section Sample handing. The samples might be changed by year 
by year, but the task will be similar. 

The energy calibration of the RBS detector can be done by measuring well-known samples, 
e.g. very thin layer of Au on silicon, pure silicon and carbon layer on silicon. The peak position 
of Au or edges of Si and C can be described by the following way: 

��� = ������, ��� = ������,   �� = �����,    

where EIn is the incident energy of the beam, k is the kinematic factor in Eq. 1 for Au, Si and C. 

The energy calibration of the surface barrier detector is linear, so the following correlation is 
true between the detected E energy and the measured Ch channel number: 

 � = �� ∗ �ℎ + ��(0)  

The energy calibration can be calculated with a straight line fitted to the obtained energy –
channel number pairs. 

Question: How the energy calibration of ERDA detector can be determined? 

Tasks: 

1) Energy calibration using well known samples (au, Si, C). 
2) Elemental analysis of Si (Xe) samples. 
3) Examination of thin layers on Ti/Si and/or porous silicon. On the latter sample, the 

oxygen and carbon content of the layer should be determined. 
4) ERDA tests should be performed on amorphous carbon samples. The task is to 

determine the hydrogen content of the layer. 

Evaluation 

The spectra are evaluated using the RBXN program. Start by clicking on the "RBX for 
Windows". 
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The program organizes the measurement results into projects. These projects include all the 
measured spectra together with their parameters, simulation data, and settings. 

The program allows the spectra to be displayed and evaluated. It is also capable of simulating 
program spectra. 

The use of the RBX program is explained on site. Please remember, that one of the most 
important tasks will be to set all the parameters, otherwise, the results of the calculation will 
be wrong: GIGO (Garbage In, Garbage Out). 

h) Example for laboratory books 

In the laboratory book, all the information has to be written that is necessary to reproduce 
the experiment. Use drawing, descriptions, etc. Never use additional sheet of papers, only 
write the book. 

List of the samples: 

 

 

  

Sample Description of the sample

X Y

orientation point

Au For energy calibration

Si For energy calibration

position of the sample
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Write the detector numbers, applied voltage, which electronics are used. 

 

 

Energy calibrations of the detectors: 

 

 

Measurements: 

Ion:  Energy:  directory of the files:  date: 

 

 

 

electronics type settings

detector at 165
o ORTEC

detector at 20
o

preamplifier, RBS

preamplifier, ERDA

Amplifier RBS

Amplifier ERDA

MCA

Current integrator

Detector Ion energy keV/ch E0 [keV]

RBS (165 deg), Cornell

ERDA (20 deg), IBM
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