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1 The IBA DataFurnace 
 
The RBS DataFurnace,  v7.7, © University of Surrey, 1997-2002. @ Nuno P Barradas, Instituto Tecnológico e Nuclear. 
 

WARNING: You are strongly advised to read the manual 
 

1.1 Introduction 
NDF analyses RBS, EBS, ERDA, non-resonant NRA, and NDP (neutron depth profiling) data. It uses the Simulated 
Annealing algorithm to fit automatically the data. NDF determines the depth profile that leads to the best fit, without 
human intervention. 
 
NDF is a DOS program, although developed in a Windows environment. NDF reads input files and creates output files. 
No graphical output is supplied. The users must use their own graphics package to visually inspect the fits and depth 
profiles obtained. 
 
WiNDF is a full graphical interface that we thoroughly advise you to use. It makes using NDF directly, as well as 
reading this manual, largely irrelevant. 
 
v7.5 has several new features, which are detailed in the manual. If you are an old v1.0 or v2.1 user, we advise you to 
nonetheless read through the manual, there will be many new functions and changes. 
 
There is an incomplete list of publications about the DataFurnace or where we used it in section 23 below. 
 

1.2 Distribution 
NDF is obtained through download from the web, or in a CD rom. Older versions have been distributed in diskette. 
 
This program is distributed under licence from the University of Surrey.  
 
Any use should acknowledge N.P.Barradas, C.Jeynes, and R.P.Webb, Appl. Phys. Lett. 71 (1997) 291. 
Any use of ERDA should acknowledge N. P. Barradas, C. Jeynes, R.P. Webb, U. Kreissig, and R. Grötzschel, Nucl. 
Instrum. Methods B149 (1999) 233. 
Any use of NRA should acknowledge N. P. Barradas and R. Smith, J. Phys. D: Appl. Phys. 32 (1999) 2964. 
Any use of DEPTH should acknowledge E. Szilágyi, F. Pászti, and G. Amsel, Nucl. Instrum. and Methods B 100 (1995) 103. 
Any use of MCMC should acknowledge N.P. Barradas, C. Jeynes, M. Jenkin, and P.K. Marriott, Thin Solid Films 343-344 (1999) 31. 
 

1.3 Installation 
The code can be run under DOS or in a DOS shell under both Windows 3.1 and Windows 95.   
 
Create a directory (say, C:\NDF) on your hard disc.  Copy the distribution files to this directory and unzip them with the 
Unzip command. Further, you have to configure your computer (assuming C:\NDF to be the installation directory). You 
MUST include two lines in AUTOEXEC.BAT: 
SET PATH=%PATH%;C:\NDF 
SET PATHNDF=C:\NDF 
 

1.4 Short version history 
Why 7.3 when the previous released version was 2.1? Here is a short history: 
6Apr98 v2.2 Corrected a few bugs (like not recognising properly e.g. 109Ag as a target species or projectile). 
7Apr98 v2.3 Included He on D ERDA cross sections, changed presentation of .RES files to include more info. 
8Apr98 v3.0 Included non-resonant NRA. 
21Jul98 v3.1 Included the possibility of using DEPTH output. 
25Jul98 v4.0 Included Bayesian Inference with the MCMC algorithm. 
27Jul9 v4.1 Changed the MCMC algorithm to make it adaptive. 
20Aug98 v5.x Hopelessly bugged first Genetic Algorithm version. 
20Aug98 v5.y Included thin film plural scattering correction – developed on a different machine as v5.x, see [1] for a 

relevant discussion on merging systems with different cultures. 
18Dec98 v5.3x Good GenAlg. Not as efficient as SimAnn, dumped it. 
5Jan99 v6.0 Introduced molecules, eliminated genetic algorithm 
8Jan99 v6.1 Delta layers, substrate layers 
22Jan99 v6.2 Introduced element search 
8Feb99 v6.3 Debugged NRA 
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25Feb99 v6.4x Took SQUEAKIE out, wrote own routine that works for ERDA and NRA as well. New foil  
calculation. Old ROI still in. Played with iFFT deconvolution of resolution (does not work). 

23Mar99 v6.4 Debugged new foil calculation 
21Jun99 v6.44 Eliminated (hopefully) inconsistencies between delta-layers and other user-defined constraints. 
6Jul99 v6.5x Introduced fitting of the polynomial corrections. Debugged here and there. 
4Aug99 v6.5 Fitting of calibration, charge, etc during SimAnn as well. 
30Nov99 v7.0c New MCMC thickness&stoichiometry calculation. 
14Dec99 v7.1c 64 spectra. 
03Mar00 v7.1h Revamped forward function algorithm, introduction of user-input densities. 
20Mar00 v7.2b Introduction of straggling and of possibility of very fine non-Ruth cross section files 
23Mar00 v7.2c 32 spectra, other internal changes 
27Mar00 v7.3 NDP introduced, bugged version 
17Apr00 v7.3c Size of internal layer, cross section and stopping power arrays user-definable in NDF.TCN 
Jul00 7.4 BI/MCMC of stopping powers (quite nice). 
20Sep00 7.5a BI/MCMC of non-Rutherford cross sections (pretty bad implementation). 
29Nov00 7.5d Local SimAnn from NDF.PRF. 
29Jan01 7.6a Roughness models 1-3 seem to be debugged and working. Other smaller changes. 16 spectra only. 
26Jul01 7.6e BI/MCMC ou roughness 
8Aug01 7.6f linked constant ratio charge for simultaneous multiple detectors 
20Sep01 7.6g Roughness model (4) 
22Oct01 7.6h Introduced ZBL00 and MSTAR stopping powers 
24Jan02 7.6j Fixed error in the He on D scattering cross-sections 
13feb02 7.6k Introduced data types 21 (Garching) and 22 (2048 channel Ortec) 
15Feb02 7.7a Quadratic energy calibration 
 

1.5 Support Information 
A large number of spectra have already been analysed with this code, so the basic algorithm SimAnn is very robust. 
However, this particular version is quite new, incorporating a number of enhancements to make it more generally 
useful. Also some parts have been included for generality and are relatively untested. We do not want to say that the 
program has bugs, but it is likely to have some “undocumented features”  that not even we are aware of. 
We are committed to supporting this code vigorously.  Please let us know any problems you have and we will do our 
best to provide fixes. 
We will set up an FTP site accessible to all our licencees with bug information and current versions. We will circulate 
information on major updates when we have it. Please contact one of: 
 
Dr. Nuno P. Barradas nunoni@itn.pt   +351 219946150 
Dr. Chris Jeynes c.jeynes@eim.surrey.ac.uk  +44 1483 689829 
Dr. Roger P. Webb r.webb@eim.surrey.ac.uk  +44 1483 689830 
Direct Fax:       +44 1483 689391 
 
Surrey Centre for Research in Ion Beam Applications 
School of Electronic, Computing and Mathematics 
University of Surrey 
Guildford, Surrey 
GU2 7XH, England 
Tel: +44 1483 686090 Fax: +44 1483 689391 
 

2 Getting star ted 
 
In this section we’ ll tell you all you want, what you really really want [2] to know about NDF. This is intended to be a 
quick and dirty reference to the bare essentials. Most, or all, of what is here is repeated and extended elsewhere in the 
manual. We strive to cross-reference as much as possible. A lot more detail is given in the manual. 
 

2.1 Purpose of the code 
The RBS DataFurnace is a DOS program that tries to answer the question “given RBS, EBS, ERDA, NRA and/or NDP 
data, what is the depth profile?”  using the simulated annealing (SimAnn) algorithm [3-6], or Bayesian Inference with the 
Markov Chain Monte carlo algorithm [7,8]. In other words, it tries to solve the inverse RBS problem for a large subset of 
possible spectra. Please note that this manual is written for experienced IBA users, others should refer to one of [9-11]. 
 

2.2 What you must do 
You must: 
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1. Tell the computer which elements are present in your sample (you can also let it try to guess). 
2. Tell the computer the experimental parameters, ROI for the fit etc. 
3. Tell the computer any other information you might have - e.g. non-Rutherford cross sections, corrections to stopping 

powers, or any info you might have on your samples. 
4. Tell the computer which files you want to analyse. 
5. Look at the output files it generates (for instance, with WiNDF). 
 

2.3 What you can also do 
1. Simulate a theoretical spectrum from a given depth profile. 
2. Calculate error bars on your depth profiles using Bayesian Inference. 
3. Generate apparent cross sections that lead to a perfect fit to your data. 
4. Calculate stopping power values with error bars, that fit your data correctly. 
5. Calculate non-Rutherdord cross section values with error bars, that fit your data correctly. 
6. Fit and simulate TOF-ERDA data with superimposed signals from different recoils. 
7. Several other things described in the manual 
 

2.4 Units in NDF 
NDF uses as units of depth 1015 at/cm2. Values in nm provided in some output files use weighted averages of atomic 
densities and are meaningless except for pure layers. The user can also specify densities (see section 3.1 below). 
NDF uses as units of concentration atomic fraction (from 0 to 1). When the user inputs e.g. Si 1 O 2, NDF will 
automatically normalise to 1 at.fraction. 
 
NDF uses as units of beam fluence particle-mC. That is, it is proportional to the number of beam particles hitting the 
sample and not to the charge. This makes it independent of the charge state of the particles. Suppose you collected 
10 mC with a He++ beam. Then the fluence you have to introduce in NDF is 10/2 = 5 particle-mC. 
 
This gets slightly weird when analysing NDP data. The units in NDF are still particle-mC in that case (although the 
neutron is not known to have any electric charge at all). The user must do the following conversion. Suppose N is the 
total number of neutrons incident on the sample. e=1.60217733×10-13 mC is the electron charge magnitude. Then the 
user must input (in the .SPC file, see section ) N×e. For instance, for 5×1010 neutrons, we have 8.011×10-3 particle-mC. 
 

3 Telling the computer  the elements present in your  sample 
 

3.1 The structure file * .STR 
You do this by means of a file, that we call the structure file. You can give this file any name you want (DOS 
restrictions apply), but the extension must be .STR. Here is one example of one such structure file: 

 
The first two lines are the minimum and maximum layer thickness that NDF will use in the fit (in 1015 at/cm2). NDF 
will never try to introduce layers outside these limits. The second value (maximum layer thickness) can be omitted 
altogether, and generally it is not necessary to introduce it at all. Note that small values will mean NDF might have to 
introduce lots of thin layers to make up e.g. a thick layer. 
 

100 5000 
5 
Au 
0 500 
0 1 
58Ni 
0 0 
0 .5 
Si 1 O 2 6.6 
0 0 
d 
Si 
0 0 
s 
? 10 20 
0 1000 
0 0 
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The second line is the number of elements or molecules present. In this case, we have 5. Maximum is 92 
 
Then come blocks of three lines each, each block corresponding to one element or molecule: 
 
The first line defines the element or molecule. If you want to have say gold in your sample, just type in AU, Au, or au. 
If you want to have silicon dioxide, type in “si 1 o 2”  (or “Si 1 O 2”  etc). You can have more complicated molecules as 
well: C 2.97 O 1 N 2.3 or whatever else you fancy. 
You can also introduce specific isotopes, such as 29Si or 58Ni. 
You can also specify a certain density for an element or molecule. Just the density value, in 1022 at/cm3, after the 
molecule description, e.g. Si 1 O 2 6.6 for silicon oxide, or C 17.6 for diamond. 
You can also let NDF try to find unknown elements within a certain atomic number range, by introducing e.g.  
“? 10 20” , in which case NDF will introduce an element with Z between 10 and 20. The fit then becomes much slower. 
 
The second line defines the depth range (in 1015 at/cm2) within which the element can exist. The fit will never try to 
introduce the element or molecule specified outside this range. Typing “0 0”  means no limit. Please note that if you type 
in tight, surface-near, limits for all elements present, NDF will still have to find something to put at high depths, with 
consequent silly results. 
 
The third line defines the concentration range (from 0 to 1) within which the element can exist. The fit will never try to 
change the concentration of the element or molecule specified outside this range. Typing “0 0”  or “0 1”  means no limit. 
You can also specify that one given element or molecule must exist in delta layers only, that is, with either 0 or 1 
concentration. This will mean this element will always be in sharp layers. To do this, instead of typing in a 
concentration range, just type in a “d” .  
You can also tell NDF that you wish one particular element or molecule to be the substrate of the sample. To do this, 
instead of typing in a concentration range, just type in a “s” . Then, NDF will automatically create a thick layer with this 
element or molecule only, at the bottom of the sample. In this case, you should give either no limit on the depth or a 
very large value. 
WARNING: Sometimes conflicts between different concentration/depth limits can occurr. In those cases, which are 
very rare, the user-defined limits may not be respected. This can also lead to unexpected increases in the chisquared. 
 

4 Telling the computer  the exper imental conditions 
 

4.1 The geometry files * .GEO 
You do this by means of a file, that we call the geometry file. You can give this file any name you want (DOS 
restrictions apply), but the extension must be .GEO. Section 10 below has a detailed explanation of .GEO. Here is one 
example of one such file for helium RBS at 1.5 MeV: 

 
 

4.2 RBS 
If the incident and detected ions specified in the geometry file are the same, NDF will automatically assume it is an 
RBS experiment. The same happens in a single ion entry is input here. 
The specification of the experimental geometry is as in RUMP. The angle of incidence is the angle between the incident 
beam and the normal to the surface, while the scattering angle is the angle between the direction of incidence and the 
direction of the backscattered ion. 
 

4.3 ERDA 
The recoil ion must be specified in the geometry file, as indicated above. If the incident and detected ions are different, 
NDF will automatically assume it is an ERDA experiment. If they are the same, it will automatically assume it is RBS. 
The specification of the experimental geometry is in principle the same as for RBS. The two angles given as "Angle of 
incidence" and "Scattering angle" in the geometry file have the same working definition as for RBS: The angle of incidence is 

2 (line 1: data format. See section 5.4) 
50 400 (line 2: Region of Interest for fit - up to 5, only 1 for data types 11 and 12. No comma allowed) 
He He (line 3: beam in, beam out. 35Cl  Si would be  heavy ion ERDA, detecting Si) 
1500 (line 4: beam energy in keV; for NDP, cross section ion milibarn) 
17 (line 5: FWHM energy resolution in keV) 
ibm (line 6: geometry, either ibm or cornell. Sorry, general geometry is not implemented) 
0 163 (line 7: angle of incidence - 0 means normal - and scattering angle) 
7.2 (line 8: detector solid angle in msr) 
2.653 80.7 (line 9: energy calibration, gain in keV per channel and energy at channel 0 in keV) 
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still the angle between the incident beam and the normal to the surface, while the "scattering angle" is the angle between the 
direction of incidence and the direction of the recoil. For instance, if the incident beam makes at 20° angle with the surface of 
the sample and the recoil comes out at 15° with it, the angles are either  -70°,35° or 70°,-35° (IBM geometry MUST be used; 
and both possibilities lead to the same result; sign convention works in the same way as for RBS). 
 
In complex ERDA spectra, it I spossible to have more than one atomic species hitting the detecting system. For instance, in 
He-ERDA, both 1H and 2H (d) can be detected, and their spectra migh tbe superimposed. Also, the forward scattered incident 
beam ions can also be detected. NDF can handle all these situations, the way to do it is described in section 5.2 below. 
 

4.4 Non-resonant NRA 
For NRA, you have to introduce the whole reaction together with the Q value (in keV), e.g. “d 3He 4He H 18352 H”  if 
you are using a 3He beam to profile deuterium, and you measure the proton that is generated with Q=18.352 MeV. In 
this case, you must also introduce the cross section values in mbarn - section 6.1 below shows how this is done. 
 
Cross sections are calculated internally for D(3He,p)4He and D(3He,4He)p, following [12] (they can be turned off 
simply by inputing different files as described in section 6.1 below). Otherwise, if no cross-sections are provided, NDF 
will assume they are equal to 1 mb independently of energy. 
 
The specification of the experimental geometry is in principle the same as for RBS. The two angles given as "Angle of 
incidence" and "Scattering angle" in the geometry file (see section 4.1) have the same working definition as for RBS: 
The angle of incidence is still the angle between the incident beam and the normal to the surface, while the "scattering 
angle" is the angle between the direction of incidence and the direction of the detected particle.  
 
In complex NRA spectra, it I spossible to have more than one atomic species hitting the detecting system. For instance, in d 
profiling with 3He, (at least) two different reactions will occur, and protons with two different energies and alphas with twwo 
different energies will be detected, together with the RBS spectrum of 3He. NDF can handle all these situations, the way to do 
it is described in section 5.2 below. Remember that for each reaction that you wish to analyse you will need one geometry 
file .GEO. 
 

4.5 NDP: Neutron Depth Profiling 
This is very similar to non-resonant NRA, except that the beam is made of neutrons, that for this practical purpose are 
not stopped in matter. The input is exactly the same as for NRA, but as beam just write down "nn", �Nn� or "NN". 
Remember that for each reaction that you wish to analyse you will need one geometry file .GEO. E.g. for 6Li(n,a)3H, 
where both the alpha and the tritium can be detected, you will need two geometry files, with "6Li nn 4He 3H 4782 4He" 
and "6Li nn 4He 3H  4782 3H". 
 
The cross section must be input in the line where for other techniques the energy of the beam is given, that is, directly 
under the reaction definition. This must be in milibarn! Note that the cross sections for NDP are normally on the barn 
range, so e.g. for 6Li(n,a)3H, which has a cross section of 940 b, you must input 940000. NDF will automatically consider 
the neutron energy to be 25 meV. WARNING: Any cross section file given explicitly (see section 6.1 below) will override 
the cross section defined here. 
 
In NDP there is a background with approximately a×10k×channel shape. NDF will guess a first approximation to this 
background (via the a and k parameters). If you want to let them change during the fit (which you do, since the first 
guess is not very good), you have to use NDF.TCN (see section ). 
 

4.6 Resonant NRA, (P,gggg), PIXE, … 
We haven’ t included these techniques yet. We have plans to do so. 
 

4.7 Foil or delta-E detector 
You tell the computer that you used a stopping foil (or a delta-E detector) simply by typing it at the end of the 
appropriate geometry file. For instance, if you have a 3x1019 at/cm2 thick Kapton foil, you type 
 
Foil 30000 
C 10 H 8 O 4 
 
If on top of that you also have a 3x1019 at/cm2 think Si delta-E detector, you must find the total thickness and average 
atomic composition, which in that case would be 
 
Foil 60000 
C 10 h 8 o 4 si 22 
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Note that, on the current NDF version, the straggling calculations with the Chu or Bohr option (see section 13.1 below) 
do not take into accout straggling in the foil. 
 

4.8 Full energy convolution calculations 
 
NDF normally makes the convolution of system energy resolution with the energy of the detected particles after they 
have left the sample. This is the normal method. However, in some special cases it will lead to unrealistic spectra, for 
instance, when the cross section changes abruptly due to a resonance. Then the only way to reproduce the data is to: 
a) follow the particles until before interaction. Calculate their energy spread at that moment. 
b) calculate, for each possible energy before interaction, the cross section. 
c) for each possibility, follow the corresponding scattered particles until they leave the sample. 
d) then convolute the energy spread due to the outgoing path 
 
This is equivalent to making two convolutions, one for the ingoing straggling before interaction, the other for the 
outgoing straggling after interaction. You must use it in conjunction with DEPTH [19]. See chapter 13 below. It is 
extremely slow, about 3 to 4 orders of magnitude slower than otherwise. To make NDF do it, just type, in line 3, after 
the in and outgoing element symbols, the codeword ‘ full’ , ‘FULL’ , or ‘Full’ . It will work only for RBS and ERDA, not 
for NRA. 
 
WARNING: not yet implemented. 
 

5 Telling the computer  which files to fit 
 

5.1 The batch file .SPC 
Once you have your structure and geometry files ready, you have to prepare what we call the batch file, that basically 
tells the computer which files it must fit. You can give this file any name you want, with at least three characters (DOS 
restrictions apply), but the extension must be .SPC. 
 
The example of a real life .SPC file follows. It is a batch file to analyse four files, all with roughly similar structures: 

The charge (in particle-mC - see section 2.4 above) follows the data file name; after that comes the name of the 
geometry file  and of the structure file, without extension: so in this example, the geometry file will be g1.geo, and the 
structure file will be s1.str. WARNING: The input charge value will be changed during the fit. You can turn this off by 
using NDF.TCN (see section 9 below). 
Notice that all the four files in the example above were collected at the same experimental conditions, so the same 
geometry file is given for all of them. The same structure file is given to all of them because they are all similar 
samples, composed of the same elements. Now imagine a more complicated situation. For example, you measured two 
Si-Fe silicide samples in the same experimental conditions, and three silicon carbide samples, two of which were 
measured with the same geometry, and the third at a different angle of incidence. The resulting batch file would be 

In this case, s1.str defines samples with Fe, Co, and Si, and s2.str defines samples with Si and C. Further, g1.geo defines 
the experimental conditions at which the Si-Fe silicide samples were measured, sc1.geo and sc2.geo the experimental 
conditions at which the first two (sic1. and sic2.) and the last (sic3.) silicon carbide samples were measured. 
Now suppose you measured two similar samples, each in three different sets of experimental conditions (thus collecting three 
separate data files for each sample), for which the geometry files are g1.geo, g2.geo, and g3.geo. The .SPC file will be 
Notice that the three files corresponding to sample1 (s1file1., s1file2., s1file3.), all have different geometry files, but 

sifeco1.   9.947 g1 s1 
sifeco2. 10.506 g1 s1 
sifeco3. 10.535 g1 s1 
sifeco4. 10.450 g1 s1 

sifeco1.  9.947  g1 s1 
sifeco2. 10.506 g1 s1 
sic1.   10.02    sc1 s2 
sic2.   10.13    sc1  s2 
sic3.   10.093  sc2 s2 

s1file1.  5.2   g1 s1 
s1file2. 17.3  g2 
s1file3.  8.03 g3 
s2file1.  10   g1 s1 
s2file2. 6.41 g2 
s2file3.  9.3  g3 



NDF v7.7 23-03-00 

10 

only the first one has a structure file. NDF then automatically thinks that the files without an explicit sample structure 
file are to be fitted together, simultaneously, that is, that s1file1., s1file2., s1file3. all correspond to the same sample as 
defined in s1.str. As s2file1. again has a sample definition file attached, NDF automatically thinks it is a new sample. 
Basically, each line with a sample definition filename attached defines a new fit (new sample). Up to 99 fits are 
allowed. Each fit can simultaneously analyse several spectra (up to 64) corresponding to the same sample. 
 
We now give a still more complicated example, and there will be more about this in section 5.2 below. Suppose you 
measured two spectra of one sample, one just normal RBS, the other He-ERDA on a sample with H and deuterium, and 
the H and D signals come out superimposed. That means you have two particles detected on the second spectrum. The 

.SPC file must then be 
 
The (2) on the third line indicates that the theoretical spectrum calculated with basis on the geometry file Dgeo is to be 
added to that of line (2), that is, to the Hgeo one, before calculating the chisquared. This is what we want. And, the 
collected charge will automatically be the same for both Hgeo and Dgeo; the value that you input for Dgeo is simply 
ignored. 
 
WARNING: A maximum of 16 spectra of the same sample can be simultaneously analysed. 
 

5.2 Multiple detected ions and .SPC - e.g. TOF-ERDA 
 
Suppose more than one different ion (for instance in TOF-ERDA or NRA) is detected (see sections 4.3 and 4.4 above), 
their spectra are superimposed, and you want to analyse the total spectrum. This is what you must do: First, create one 
GEO file for each detected particle. E.g. in HI ERDA of a Si/TaN sample using 35 MeV 35Cl as incident beam, you 
need to define four GEO files. One for the backscattered 35Cl (RBS), plus three for the Si, N and Ta (yes, it will be 
there!) recoils. Then the batch file will look e.g. like 
 
sample.rbs 10. rbsgeo sample 
sample.si 10. sigeo (1) 
sample.n 10. ngeo (1) 
sample.ta 10. tageo (1) 
 
The (1) means that the corresponding spectrum will be added to spectrum number 1 for that sample (in this case, 
sample.rbs - rbsgeo). So, lines 2 to 4 will lead to the ERDA simulated spectra being added to line 1, that is the RBS 
simulated spectrum, and then a single spectrum will be fitted. 
 
Suppose that you were using ToF ERDA and you could separate the N recoils but not the Si or Ta ones from the 
backscattered spectrum. Then the batch file could look like 
 
sample.n 10. ngeo sample 
sample.rbs 10. rbsgeo 
sample.si 10. sigeo (2) 
sample.ta 10. tageo (2) 
 
Whereby the RBS and the Si and Ta ERDA simulated spectra would be added up, and it would be fitted simultaneously 
with the N ERDA spectrum. 
 

5.3 Simultaneous detectors and .SPC 
 
Furthermore, suppose you measured HI-ERDA of a Ti C O H sample. The backscattered particles plus Ti recoils aren�t 
separated, and you analyse them as a single spectrum. But, the O, C and H spectra are treated separately. O and C are 
measured with the same detector as the Ti and the RBS, hence the charge must be the same. H is a different detector, 
that has a different efficiency / dead time / etc, and the charge may actually be different. Suppose however that you 
know the deadtime/efficiency/etc of the two detectors very well, and hence the ratio between the two values of the 
charge; it must then be kept constant in the fit. Suppose that in this case I know that all in all the H detector is 2.3% 
more efficient than the other one. You can do all this in NDF with one of the SPC files (which work in a completely 
equivalent way): 
 

rbsfile    5.   rbsgeo s1 
erdafile 10.  Hgeo 
erdafile  10. Dgeo (2) 
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Note that the value 0.20 in line 
ti_a.rbs 0.20 ti15 (1) 
is always completely ignored, the charge is always taken as that for ti_a.rbs, that is, 0.84. 
 
The difference between "ti_a.rbs 0.84 ti15 (1)" and "ti_a.o   0.84 o15  [1]" is that (1), as described above, forces the 
charge in ti_a.rbs ti15 spectrum to be the same as that of ti_a.rbs rbs15, and the calculated Ti recoil spectrum is added to 
the calculated RBS spectrum before being compared with the data ti_a.rbs. On the other hand, [1] means that the O 
spectrum, to be compared with the data ti_a.o, is treated independently, and that the ratio between the charge given for 
O to the charge given for ti_a.rbs remains constant in the fit. As the charges are initially equal (because the two spectra 
come from the same detector), they will remain equal throughout the fit. Note that for H the initial charge given is 2.3% 
larger than for the other ones, because the overall efficiency was 2.3% larger. Then, the ratio 86/84 will be kept 
throughout the fit. 
 
 

5.4 Allowed data formats in NDF 
This is the number you have to put in the first line of the geometry files (see section 4.1 above). We would like to 
introduce RUMP format, but we’d need Fortran code for that. 
 
0 512 channels in single column 
1 raw XRBS output (Surrey format) 
2 normalised XRBS output (Surrey format) 
3 13 line header, 512 channels in single column 
4 1024 channels as 128 lines of 8 columns 
5 512 channels in 512 lines and 2 columns: second column is read 
6 1024 channels in 1024 lines (single column) 
7 1024 channels as 256 lines of 4 columns 
8 13 line header, 1024 channels in single column 
9 13 line header, 256 channels in 256 lines and 2 columns: second column is read, data are split into 512 channels 
10 256 channels as 64 lines of 4 columns, data are split into 512 channels 
11 2048 channels in two columns, second is read. Only 512 are read depending on ROI 
12 Limited and unkown number of channels (less than 512). Two columns, second is read. 
13 13 line header, 256 channels in 256 lines of two columns: second is read 
14 Ortec binary data. 12 bytes, live time in 20 ms increments (4 bytes), 16 bytes, 512 4 byte integers 
15 Ortec binary data. 12 bytes, live time in 20 ms increments (4 bytes), 16 bytes, 1024 4 byte integers 
16 PNL ASCII data. 5 lines header, the first one is 37 characters then the livetime (i6). Then follow 1024 channels in 

two columns, second is read 
17 Unused. Reserved for PNL binary 
18 512 line header, 512 channels in 512 lines and 2 columns: second column is read 
19 1024 channels in 1024 lines and 2 columns: second column is read 
20 Header: 1st line tells how many in total in header. 128 channels in 3 columns: 3rd is read, data are split into 512 

channels. 
21 Garching: 10 line header, 1022 channels in lines of 10 channels (last line 2). Two channels with zero counts are 

introduced at the end by NDF. 
22 Ortec binary data. 12 bytes, live time in 20 ms increments (4 bytes), 16 bytes, 2048 4 byte integers 
 
Pleae note: for all data formats other than 1, 2, 12, 14, 15, NDF will think that the first channel in the data is the 
livetime in seconds, used for  the pileup correction. See section 18 below. This is important, as a fake pileup correction 
will lead to bad results. 
 

6 Telling the computer  any other  information necessary 
 
These are the extra elements you can introduce in NDF: 
1. Non-Rutherford cross sections. 
2. Multiplicative correction factor to the stopping power table. 

ti_a.rbs 0.84 rbs15 ti 
ti_a.rbs 0.20 ti15 (1) 
ti_a.o   0.84 o15  [1] 
ti_a.c   0.84 c15 [3] 
ti_a.h   0.86 h15 [3] 

ti_a.rbs 0.84 rbs15 ti 
ti_a.rbs 0.20 ti15 (1) 
ti_a.o   0.84 o15  [1] 
ti_a.c   0.84 c15 [1] 
ti_a.h   0.86 h15 [1] 
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3. Ad-hoc substrate plural scattering / channelling correction. 
4. Ad-hoc thin film plural scattering correction. 
 

6.1 Introducing non-Rutherford cross sections 
First of all, you need to have an ASCII file with your cross sections. Except for NRA, this must be just two columns, the 
first one the energy in keV, the second the correction factor relative to Rutherford values. A maximum of 1000 values 
are allowed. Outside the range given in the file no correction is done. 
 
For NRA, it is also two columns, the first one also the energy in keV, but the second absolute values in mbarn. 
 
At the end of the geometry file you introduce one line with two entries, the first the target element for which you want 
the correction, the second the name of the file, e.g. “C c_nonrut.cor”  
 
Some non-Rutherford cross sections are automatically set in NDF. These are for 4He ERDA detecting protons or 
deuterium, and for NRA for the reactions D(3He,p)4He and 3He(D,p)4He (see sections 21 and 22 below and ref. [12]). 
NDF will create a file with these cross-sections for your inspection, and will warn you so in the * .RES file. You can 
turn these automatically generated cross sections off, by simply introducing, as explained above, your own values. 
 
NDF creates an internal look-up table with interpolated cross section values. By default, the table has 1000 equally 
spaced cross section values. The user can increase or decrease this value - see section  11.5 below. See also section 11.4 
below if there are sharp resonances in cross section you need to use. 
 

6.2 Scaling the stopping powers 
You can scale the stopping power of any element in any element, by adding one line at the end of the geometry file. E.g. 
to increase the stopping power of He in Si by 10% in the whole energy range, you simply introduce the line “He Si 1.1” . 
This will not change the energy dependence of the stopping power affected. You can also scale the stopping power of 
recoils or reaction products in ERDA and NRA respectively. 
 
NDF creates an internal look-up table with stopping power values. By default, the table has 1000 equally spaced 
stopping power values. The user can increase or decrease this value - see section 11.5 below. 
 

6.3 Ad-hoc substrate plural scattering / channelling correction. 
As NDF is fitting theoretical spectra to the experimental data, it is important to get the generated functions right. That 
is, in principle we should have to introduce full plural and multiple scattering calculations, as well as 
channelling/dechannelling yield calculations. This is normally done by extremely slow Monte Carlo methods, hence 
impracticable for out purposes. 
 
Nevertheless, we want to get the shape of out substrate signal right. NDF allows you to introduce a multiplicative 
correction to the shape of the signal of any specified target element. This correction is just a third degree polynomial.  
You introduce in NDF the coefficients, together with a channel number above which the correction no longer applies, 
by adding two lines in the geometry file, e.g. 
Si 
220 1.72 -0.0126 7.591e-5 -1.494e-7 
This polynomial actually has value 1 at channel 220, and it is a plural scattering ad-hoc correction. It will increase the Si 
yield at lower channels. 
 
Section 19 below has more information on how to use this correction. 
 

6.4 Ad-hoc thin film plural scattering correction 
A thin film of a heavy element will lead to some plural scattering at energies lower than it (if it is thick enough, extra counts 
due to plural scattering will start to appear already in the film). This leads to a background that can be in some cases 
disturbing, for instance if you are trying to fit a relatively small peak at energies lower than the heavy element film, or in 
extreme cases like Au on a C substrate, the background due to the Au plural scattering can be important when compared with 
the C signal height. Also, if you are looking at diffusion from the thin film, it would be nice to get rid of those extra counts. 
Section 20 below shows how an extremely ad-hoc correction for this can be introduced in NDF. 
 

7 Running NDF 
 
Simply type “NDF”  in the appropriate directory where your data, structure, geometry and batch files reside. NDF will 
prompt you for the calculation and run options you want to use. Alternatively, NDF may be run with those options 
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given in the command line, with command line parameter syntax as: 
 
NDF [batch filename] [speed] [compression] [FWHM] [isotopes] [smooth] [not used] [recalculate] 
 
NDF will then echo current option settings to you (if you set them from the command line). Missing or invalid 
parameters will initiate a question and answer session (invalid parameters may cause the code to give a warning 
message and stop). For a full description of these parameters see below. Notice that in the current version of NDF the 
random number sequence is always initialised at the same position (in order to make debugging easier), so if you run 
NDF twice with the same parameters and options, you’ ll get the same results. To force a different random number 
sequence simply change any input parameter very slightly. 
 

7.1 Options 
When the executable is run, the program will either query for option settings or echo current option settings to you (if 
you set them from the command line). The options are: 
 
7.1.1 Speed 
Execution speed. { 1,2,3,4,5}  = { ultra-fast, fast, normal, slow, ultra-slow} . There is a trade-off between speed and accuracy. 
On the other hand a rapid calculation is often useful to determine good parameters for a better fit. Speed 0 is used to run a 
simulation separately (see section 11.1 below). Speed 6 is used to invoke the custom option for the cooling schedule and 
calculation options (see section 9 below) Speed x is used to do a local search fit only (see section 7.3 below).  
 
7.1.2 compression 
{ 1,2,3}  = { 128, 256, 512}  channels. Execution is faster for shorter spectra since both the simulation and the c2 
calculation involves a fair number of operations per channel. Where high depth resolution is not required, or where the 
layers of interest are known to be relatively thick, compression can be used. 
 
7.1.3 FWHM 
System resolution. { 0, 1, 2}  The detector FWHM (specified below) can be included (1) or not (0) depending on this 
switch. See section 13 below on how to introduce straggling calculations. 
 
7.1.4 isotopes 
{ 0, 1}  Determines if the isotopic distribution (we only calculate for isotopes with at least 1% abundance) will be used 
(1) (i.e., if spectra for each isotope of each target element are to be calculated), or if the average mass of the target 
elements is to be used (0). Using the isotopes makes the calculations slower, but for 512 channel fits of targets that 
include light/medium elements with a lot of isotopes, it is better do use it. 
 
7.1.5 smooth 
{ 0, 1}  A high quality smoothing routine is available which varies the filtering function depending on whether peaks or 
edges have been detected in the data. smooth=1 if you want to use it, 0 if not. It is adaptive in that flat bits get smoothed 
a lot,  but peaks and edges don’ t (try it!).  
WARNING: c2 fitting should not be applied to smoothed data: you are likely to get spurious confidence in the results.  
 
7.1.6 Not used 
In previous versions we used SQUEAKIE [13] as a post-processor, this option was related to it. It is no longer used. 
 
7.1.7 recalculate 
Any value in this flag will activate it, that is, the simple presence of a seventh flag is enough. 
For instance when running speed 6 – custom cooling where no more flags are needed, NDF batch 6 0 0 0 0 0 x will 
activate recalculate. 
What does it do? Imagine you just ran a batch with 4 samples, and sample 3 went wrong. You want to recalculate it after 
changing the sample file or whatever, but as NDF is serial, in v1.0 or v2.1 you would have had to redo all of them. Now, a file 
called NDF.ORD will be read if this flag is activated. NDF.ORD has as many lines as samples in NDF.SPC, each line is 0 if 
the corresponding sample is not to be recalculated, 1 if yes. In the example above, NDF.ORD would then be 

 

7.2 Examples of possible Commands 
NDF You will be prompted for all options. 

0 
0 
1 
0 
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NDF sic 1 An ultra-fast fit will be done. You will be prompted for the other options. 
NDF sic 2 2 1 0 0 1 Fast fit, 256 channels, FWHM will be convoluted with fit, no isotopes, no smoothing of the data, 

SQUEAKIE output will be normalised to 100 at.%.  
NDF fesi 2 4 1 0 0 1 The compression switch is invalid, so you will be prompted for it. 
NDF calib 3 3 1 1 Normal fit, 512 channels, FWHM convolution, isotopes. You will be asked if you want to 

smooth the data and if you want a normalised SQUEAKIE output. 
NDF gan 7 0 2 3 4 5 All the switches are invalid, so you will be prompted for your options. 
NDF batch1 0 No data, no fit: a single theoretical simulated spectrum will be calculated, based on the sample 

definition file NDF.s*  and NDF.PRF (see Appendix 9). 
NDF batch2 6 A custom fit will be done, with all the options defined in the file NDF.TCN (see Appendix 5). 
NDF sin 1 3 1 1 0 0 0 Ultra-fast fit, 512 channels, no smoothing, SQUEAKIE output not normalised, NDF.ORD (see 

6.2.7) will be read. 
NDF sic 1 3 1 1 0 0 x Same as above. 
NDF sic 6 0 0 0 0 0 0 Custom fit. NDF.ORD (see 6.2.7) will be read. 
NDF fesi x 3 1 1 0 0 Local search only based on NDF.PRF as initial guess (see section 7.3 below). 
In the examples above, sic, fesi, calib, gan, batch1, batch2 were all batch files with extension .SPC. 
 
When the program runs it will tell you the cooling schedule it is using, based on its analysis of the complexity of the 
spectrum. It will then echo, for each Markov chain, the value of the control parameter, the current c2 value, and the best 
c2 value found so far. When it switches to the local search it will echo the c2 for each minimisation cycle completed.  
 

7.3 Running a local search only 
NDF always (except for ultra-slow cooling) runs a local search after the SimAnn fit, to optimise the global maximum 
already found. It then uses the SimAnn solution as the initial guess for the local c2 minimisation. 
You can also run only a local minimisation, in which case the initial guess will be given by the profile in NDF.PRF (see 
section 11.1 below). All you have to do is use speed x (see section 7.1.1 above). 
 

7.4 Local SimAnn 
 
SimAnn normally requires that the initial state is of high entropy (i.e. molten). So, even if the initial guess is near-
perfect, it is destroyed in the initial SimAnn stages. However, it may be desirable to start SimAnn from a given initial 
guess supplied in NDF.PRF (see section 11.1 below), and adjust the initial temperature such that the information 
present in the initial guess is not destroyed, or at least used. We developed a routine that adjusts the initial temperature 
to how good the initial guess fits the data. If the initial guess is lousy, a high initial temperature is chosen. If it is good, 
then SimAnn starts already at a fairly low temperature, such that only small optimisation will be done. In intermediate 
situations, NDF will try to find an initial temperature that always reflects how well the initial guess in NDF.PRF 
matches the data. To use this option you must use NDF.TCN with flagoldb = 3, as described in section 9.2 below. 
 

8 Outputs 
 
In what follows, b is the first three characters of the batch file name batch.SPC. s is the order number of each sample 
fitted in one batch. That is, if you have 15 samples to fit specified in your batch.SPC, s=01,02,...,15. Then, f is the order 
number of each file fitted simultaneously for a sample. That is, if one sample had two spectra fitted simultaneously, 
f=01,02. Finally, e is the number of an element, given by the order it appears in the structure file. 
 

8.1 Result file: bs.RES 
Comprehensible text is output to the n files bs.RES: one file for each sample analysed. These files include the 
experimental set-up and the partial chi-squared for each spectrum fitted simultaneously, the options used in the fit, the 
calculation parameters, and the layer structure found to give the best fit to the data. 
 

8.2 Fitted spectra: bFsf.DAT 
The data and the fitted calculated spectra are output in bFsf.DAT. For instance, for spectrum 3 of sample 8, you will  
have bF0803.DAT. You must use your own graphics package to inspect this file to verify the quality of the fit. The 
format is ASCII, 3 columns: 
 channel, data, fit 
 

8.3 Fitted partial spectra: bXsf.DAT 
For each sample and spectrum analysed, NDF generates files containing the calculated partial spectra of each element, 
and puts them all in this file. The first column is the channel number, the others are the partial spectra for the elements, 
in the order they appear in the structure file. 
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The last column has all the extra contributions to the final spectrum, including the pileup spectrum  (see section 18 
below), and any thin film ad-hoc correction (see section 6.4 above). The fit (third column in bFsf.DAT) is the sum of all 
the partial spectra plus the extra contributions in the last column. 
 

8.4 Best fitted layer structure: bPs.DAT 
The best layer structure is output as a depth profile in a format that most graphics packages can read. The format is 
ASCII (the number of columns equals the number of elements present plus 2). Please notice that the depth in nm (last 
column) assumes Bragg�s rule for the density of each layer, calculated from the elemental densities.: 
 
depth (1015at /cm2), Element 1 (at.%),..., Element x (at.%), depth (nm) 
 

8.5 Best fitted layer structure: bs.DAT 
The best layer structure is also output as a file with the same structure as NDF.PRF (see section 11.1 below), that is, the 
first line with the number of layers, then one line per layer, with the depth and the concentration values. 
 

8.6 Point by point profiles: bsfe.DAT 
The best layer structure for a sample is used to calculate separate partial spectra, one for each element in the sample, 
and these partial spectra can be used to disentangle the different elemental signals in the original experimental 
spectrum. Then an analytical calculation generates depth profiles channel by channel from the original data. This works 
for RBS, ERDA, and for NRA if possible (see our publications 13 and 17 ). The output is given in bsfe.DAT (in this 
case, b is only the first two characters of the batch filename). 
WARNING: This output relies heavily on the quality of the fit for elements whose signals were not already fully 
separated to start with. A bad fit will mean that the results so obtained are also bad. You must satisfy yourself that the fit 
is good and that you trust this result. Further, it does not rely on all signals being present, but it does rely on the 
stopping powers calculated during the fit. Finally, it does not work properly for spectra where more than one ion is 
detected, when the signals fo the different ions are superimposed (for instance, H and Deuterion recoils in ERDA). 
WARNING: You must be aware of what this kind of output means in physical terms. Some people like it very much, 
others think its usefulness is dubious since all effects like system resolution, straggling, isotopic effects, etc., will be 
convoluted with the profiles obtained. 
 
Output is in 3 cols. Please notice that the depth in nm (last column) assumes Bragg�s rule for the density of each layer, 
calculated from the elemental densities or from the input-defined ones: 
 
depth (1015/cm2); concentration of element e (at.%); depth (nm). 
 

8.7 Error bars file: MCMCse.DAT 
This is the output from the "depth profile search" BI/MCMC calculation (see section 0 below). It’s one file per element 
per sample. It has 4 columns:  
 depth (1015/cm2), <e>, <e>-se, <e>+se 
 
where <e> is the mean value found for the concentration of e and se is the standard deviation. Please notice that the 
depth in nm is not given.  
 

8.8 Error bars file: MCMCs.DAT 
This is the output from the " thickness and composition search" BI/MCMC calculation (see section 0 below). It’s one 
file per sample. It is columns:  
 <t>, s t, <e>, se (1

st element), ... 
 
where <t> is the mean value found for the thickness of one layer and s t is the corresponding standard deviation, <e> is 
the mean value found for the concentration of element e and se is the standard deviation. Please notice that the depth in 
nm is not given. 
 

8.9 Result file: bs.PRF 
This is a file with the final fitted layer structure, but similar to the NDF.PRF file described in 11.1. 
 

8.10 Log file: bs.LOG 
This file gives different information about the fitting process, i.e. the start and finish time, as well as the chisquared at 
each temperature. 
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9 Fine-controlling of your  fitting process: NDF.TCN 
 
NDF provides several built-in cooling schedules (which determine how fast and how accurate the fit will be, as seen in 
section 7.1.1 above). It also has several built-in options and features, for instance, for fine-tunning the charge or the 
energy calibration during the fit, within certain built-in limits. You can change all this by using the file NDF.TCN. 
 

9.1 What it is for 
The NDF.TCN file allows the user to control as much as possible the fitting process. This is opposite to the “Ultra-fast”  
to “Ultra-slow”  options, where all the settings are pre-fixed. NDF.TCN is not needed in the majority of cases; it is 
intended to be used only by people experienced in SimAnn/NDF, who want to understand and control the behaviour of 
the program better. “TCN”  stands for “ technical” . It is also the only way to have pile-up correction (see section 18 
below) on data types other than “raw XRBS”  or “normalised XRBS” . 
 

9.2 Detailed description 
We will go through each line of the NDF.TCN file. We first give the (internal NDF source F77) name of each flag or 
parameter in the file, and then explain what it does. 
 
flagoldb  Integer. Determines if the algorithm will be purely SimAnn, or if it will jump to a local 

search at a given point. It is 0 for pure SimAnn, 1 if not. If it is 2, no SimAnn will be 
performed and the algorithm will proceed directly to a local search as in section 7.3 above. If 
it is -1, a simulation will be made from NDF.PRF (see section 11.1 below). If it is 3, a local 
SimAnn starting from NDF.PRF with a calculated non-molten initial temperature will be 
done as described in section 7.4 above. 

flag4par(1),chconv Integer, real. The flag4par flags determine if the energy calibration and the solid angle-charge 
flag4par(2),choff  product are allowed to change during the local search .They are 1 if yes, 0 if not. 
flag4par(3),chpileup flag4par(1) and flag4par(2) control the gain and offset 
flag4par(4),chsolcha of the energy calibration respectively, flag4par(4) the solid angle-charge product. flag4par(3) 

and chpileup are ignored. The ch*  values determine how much each parameter is allowed to 
change during the fit, for instance, if flag4par(1)=1 and chconv=0.02, the energy calibration 
gain will change a maximum of 2% during the local search. 

Flagms,chms  Same as for the previous four lines, but to decide whether plural scattering polynomial 
correction (see section 18) is allowed to change or not and by how much. 

pacctrns  Real Î  ]0,1[. It is the fraction of transitions that are accepted at T0 (i.e., at the beginning of 
the SimAnn process). Recommended values between 0.1 and 0.99. 

convcool, offcool  Real. convcool+offcool Î  ]0,1[. They define the rate of cooling. They are the quantities 
(ak,bk) in Eq. (3) of NIMB136-138 (1998) 1157-1162. 

safactor, saoffset  Integer>0. They define the maximum number of transitions proposed at each value of T. 
They are the quantities (aL,bL) in Eq. (3) of NIMB136-138 (1998) 1157-1162.. 

lmarmax  Integer£50000. Absolute maximum number of transitions proposed at each value of T, no 
matter what the values of (aL,bL) are. 

error1, error2  Real. When the 
�

2 at three consecutive values of T changes less than error1, the fit resets the 
current layer structure to the best found so far, and then either a) increases the value of T and 
continues with SimAnn (if flagoldb=0), or b) jumps to the local search (if flagoldb=1). The 
second leg of the fit, either SimAnn or local search, stops when the 

�

2 changes less than error2. 
tminimo  Real. No matter what the change in c2 is, the first SimAnn process will be carried on until 

this value of T is reached before jumping to the local search (or continuing with  SimAnn). 
accmax  Real Î  ]0,1]. Maximum fraction of proposed transitions that is accepted at a certain value of 

T before decreasing T. As the SimAnn process is very efficient at high values of T, with a 
high ratio of transitions accepted, it is possible to decrease T as soon as a certain number of 
transitions has been accepted. Values around 0.1-0.2 are recommended. 

factnlay  Real Î  [0,2[. l  in Eq. (1) of NIMB136-138 (1998) 1157-1162. Values between 1. and 1.5 are 
strongly recommended. 

xdmin   Real. Minimum internal sublayer thickness (in 1015/cm2) in the calculation of the theoretical 
spectra, where the stopping powers are constant. Large values lead to faster calculation at the 
expense of precision. In the “Ultra-fast”  option, it is 400, and steps can sometimes be seen at 
low energies (where the stopping powers change faster). 

maxthick  Real>0. Initial total thickness at the beginning of the fit, in 1015/cm2. 
nlini   Integer Î  [1,50]. Initial number of layers in the fit (all will initially have the same 

composition, with initial thickness maxthick/nlini). This is here for historical reasons, when 
we did not know if SimAnn would be able to create enough layers to do the fit (so we help it 
by starting with several layers, although of equal composition). In fact this is dispensable 
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(except perhaps in extremely fast “Hyper-fast”  fits). 
fcompr  Integer. 1, 2, or 3 if the fit is to work on 128, 256, or 512 channel spectra. 128 channels lead 

to a faster fit, but depth resolution is lost. 
fconv   Integer. 1 if the theoretical spectra are convoluted with the FWHM of the set-up (as given in 

NDF.PAR), 0 if not. For 512 channel fits, it is recommended to make the convolution (or the 
edges will not be well fitted). 

fisot   Integer. 1 if the isotopic distribution (we only calculate for isotopes with at least 1% 
abundance) will be used (i.e., if spectra for each isotope of each target element are to be 
calculated), 0 if the average mass of the target elements is to be used. Using the isotopes 
makes the calculations slower, but for 512 channel fits of targets that include light/medium 
elements with a lot of isotopes, it is better do use it. 

flgsmoo  Integer. 1 if the data will be smoothed (by an intelligent adaptive routine that normally makes 
real good smoothing [14]), 0 if not. In principle, the c2 statistics can not be used on smoothed 
data, i.e., if you are fitting, you shouldn’ t smooth the data. 

fsquea   Integer. Not used. 
imaxnlays  Integer between 1 and 3000. Maximum number of internal layers used in the calculation. 

This line needs not be in NDF.TCN. 
icross   Integer between 1 and 15000. Number of cross section values in the internal table used in the 

calculation. This line needs not be in NDF.TCN. 
innstop  Integer between 1 and 1000. Number of stopping power values used in the calculation. This 

line needs not be in NDF.TCN. 
flagndp(1)   Integer. The flagndp flags determine if the a and k parameters in the a×10k×channel  
flagndp(2)  background in NDP change during the fit or not. flagndp(1) is for a, flagndp(2) is for k. 
 

10 The .GEO files: a reasonably complete descr iption 
 
These files specifies the parameters that define the experimental conditions relating to a particular geometry. In a 
multiple fit, you can have as many geometry files as spectra to fit simultaneously. We now describe the file line by line: 
 
- Data file format: an integer, defines the type of data file to be analysed. The possible formats are given in chapter 

7. 
- Region of interest. First and last channel to be considered in the fit. The c2 is only calculated within these limits. 

Even if you obtain a perfect fit within these channels but the rest is crap, the DataFurnace will be happy. The 
smaller the ROI the shorter the execution time, so try to restrict it to what is really needed. You can define up to 5 
ROIS, provided the first one starts with the lowest and the last one with the highest channel number. WARNING: 
satisfy yourself that you are including all parts of the spectrum that should be included. What that is, is up to you. 
WARNING: For data types 11 and 12 (see section 5.4 above) a single ROI is allowed. WARNING: No commas 
are allowed between the numbers. WARNING: The first channel of the first ROI will be changed by NDF when 
calculating the c2. The reason is to allow for the channels where resolution convolution lead to a decrease of the 
calculated signal. In the output file .RES, this will show up as e.g. 100+ 12: 400 if the initial ROI was 100 400 and 
the FWHM Gaussian leads to 12 non-usable channels. 

(Parameters that define the Experimental set-up:) 
- Incident beam and detected ion. He or HE or he for alpha particles, H or h for protons. Any ion can be used. For 

backscattering the incident beam and detected ion are the same (and you have to type in e.g. He He for He 
backscattering), while for ERDA they are different (and you have to type in e.g. He H for an He-ERDA 
measurement of H). For NRA you have to input the full reaction and the Q value in keV, as well as the detected 
particle (just for double security). For instance, for D profiling with a 3He beam you should input 

 D 3He 4He H 18352 H 
 if you are detecting the H, or 
 D 3He 4He H 18352 4He 
 if you are detecting the He. 
- Beam Energy, in keV. Any value can be put here. For NDP, the neutron energy is taken to be 25 meV, and the 

value in this line must be the cross section in milibarn WARNING: Please note that non-Rutherford RBS, ERDA, 
and NRA cross sections are NOT automatically included (except for He on H ERDA, see Appendix 3). 

 - System energy resolution (FWHM), in keV. A Gaussian function with a FWHM equal to this value will be 
convoluted with the calculated functions, if the user wishes so (see section 7.1.3 above). If not, this value will not 
be used. 

- Geometry: IBM (scattering angle is in the horizontal plane). Cornell (scattering angle is in the vertical plane). 
Sorry, we haven’ t implemented general geometry. 

- Angle of incidence, Scattering angle, in degrees. For ERDA the definition is the same, except that the "scattering angle" 
is the angle between the direction of incidence and the direction of the recoil. For instance, if the incident beam makes at 
20° angle with the surface of the sample and the recoil comes out at 15° with it, the angles are either  -70°,35° or 70°,-
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35° (IBM geometry MUST be used in this case; and both possibilities lead to the same result - see chapter 5). 
- Solid angle of the detector, in msr. WARNING: The sensitivity is determined by the charge - solid angle product. 

The DataFurnace is VERY sensitive to the value chosen for sensitivity. Therefore a correct value for the solid 
angle must be supplied, even though the local search routine can adjust the value supplied somewhat. 

- Energy calibration: gain and offset, in keV/channel and keV respectively. That is, E(keV)=gain×channel+offset. 
WARNING: These values determine the position of the elemental edges. The DataFurnace is VERY sensitive to 
the energy calibration used. Therefore a correct value for the calibration must be supplied. The DataFurnace will  
try to optimise the calibration given,  but only within narrow limits. 

 It is also possible to introduce a quadratic energy calibration of the form 
E(keV)=quad´ channel2+gain×channel+offset. In this case, this line must have the three parameters quad, gain, 
offset (in that order). 

(Parameters that define non-R and plural scattering correction, the presence of a foil, or a scaling factor of a stopping 
power: they need not be here, but will be read if they are: meaning, you only write them in the file if they are needed) 
- element, non-R file name: Name of element for which a non-Rutherford cross-section correction, or a plural 

scattering correction, or both, are given. If there is a non-Rutherford correction, the name of the file name that 
contains it should be written after the name of the element in question. If there is a plural scattering correction, the 
5 numbers (as given in manual of v1.0, Appendix 9), should be given in the line below 

- Substrate plural scattering polynomial correction: cut-off channel, 3rd degree polynomial coefficients (a0 a1 a2 a3) 
(see Appendix 14) 

- Thin film plural scattering correction: element, background factor, lower and higher channels where the film is 
(see Appendix 15) 

- element1, element2, scale_factor: the Ziegler elemental stopping power of element 1 in element 2 will be scaled by the 
multiplicative factor scale_factor. For ERDA, the stopping power of the recoil in any target element can also be scaled. 

- foil (or FOIL or Foil), foil thickness (in 1015 at/cm2) (Establishes the presence of a foil and gives its thickness) 
 element1 atomic_fraction, element2 at_frac, ... , element n at_frac (Defines the composition of the foil. Foils can 

be used in both ERDA and RBS). 
- pile (or PILE or Pile), pileupfactor w. For automatic pileup correction. See section 18 below. 
- DEPTH (or depth or Depth), element, depth_filename. For straggling calculation. See section 13 below. 
- Chu (or CHU or chu), factor. For straggling calculation. factor is a multiplicative factor to Chu straggling. 
- Bohr (or BOHR or bohr), factor. For straggling calculation. factor is a multiplicative factor to Bohr straggling. 
- Stop (or STOP or stop), element. For stopping power determination. See section 16 below. 
- Cross (or CROSS or cross), element. For non-Ruth cross-section determination. See section 17 below. 
- ZBL90, ZBL00, or MSTAR: define the stopping power data to be used. See section 12 below. 
 
Example of a real life geometry file: 
 
1    Data file format 
040,300   region of interest1 Restrict 2* integer 1  c2calculated in this ROI 
He He    incident beam, detected beam 
1500    Beam energy (keV)  Calibration 1* real 
17    FWHM (keV)  Calibration 1* real 
ibm    Geometry{ ibm,cornell}   Calibration 1*string 
0,160    Inc.,scatt. angle Calibration 2* real 
2.2307    solid angle (msr) Calibration 1* real 
2.980 51.9   Energy calibration Calibration 2* real gain, offset 
Si    element for corrections (no non-R correction) 
200 1.654 -8.035e-3 3.295e-5 -4.533e-8  MS3 coefficients Correction 1* int, 4* real 3  MS: Multiple Scattering 
O  he16O.dat   element for correction, data file that contains non-R correction for O 
He Si 1.1   moving particle, target atom, stopping power correction 
C  he12C.dat   element for correction, data file that contains non-R correction for C 
100 1.254 -6.0e-3 1.25e-5 -2.4e-8   MS3 coefficients Correction 1* int, 4* real 3  MS: Multiple Scattering 
foil 10000   foil, thickness (1015 at/cm2) string, real 
C 10 H 8 O 4   foil composition 
Chu 1.2   straggling 1.2 times larger than Chu values 
He O 0.9   moving particle, target atom, stopping power correction 
Au 0.003 350 450  element for correction, background factor, ROI where Au thin film is. 
pile 2.e-6   automatic pileup correction will be done, with a pileup factor w=2.e-6 
 
In this example, Si and C both have substrate plural scattering corrections (this is quite unrealistic, but it is just an 
example), there is a thin film plural scattering correction for Au, and O and C have both non-R corrections. The 
structure of the non-R correction files is given in Chapter 6. A Mylar foil is also included. Finally, the stopping power 
of He in Si and O will be 10% larger and smaller, respectively, than the Ziegler values. Straggling 1.2 times stronger 
than the values calculated by Chu with the effective charge correction is calculated. 
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11 Other  functions 
 

11.1 Simulate a theoretical spectrum from a given depth profile 
NDF gives you the possibility to simulate a single spectrum based on a depth profile that you define. It will use the 
experimental conditions contained in the geometry files, as well as the elements specified in the structure file. It will 
disregard any constraints to depth and concentration range etc. present in the structure file, that is, it will accept the 
profile you define without corrections. 
This option is particularly valuable for verifying that your energy and charge calibration, and any limitations on the 
solution space,  are reasonable. You can also use it to do manual simulations. 
 
To do it, you need to create a file called NDF.PRF, with the following structure: 
 
First line: number of layers 
second line: thickness of layer 1; conc. of element 1 in layer 1,... conc. of elem n in layer 1 
third line: thickness of layer 2; conc. of element 1 in layer 2,... conc. of elem n in layer 2 
 
As many layers as defined in the first line will be read. Extra ones will be ignored. Fewer layers will make the program 
crash. The number of element entries must equal (or be larger than) the number of elements n in the structure file, or the 
program will crash. Extra element entries will be ignored. The order of the elements is the same as in the structure file. 
For instance, if in the structure file you defined 3 elements: Si, Fe, O, then in NDF.PRF you can have e.g. 

 
Meaning that the first layer is 100×1015 at/cm2 thick with composition SiO2, the second layer is a mixed Si-Fe oxide, 
the third is a SiFe film, and the third is a Si substrate. Notice that the amounts do not have to be normalised. The 
following file would lead to exactly the same result, since the extra fifth layer and the extra element concentration 
entries would be ignored: 

 
Note that pileup will be calculated, corresponding to the spectrum that is given in the SPC file, and to the 
correspondding pileup factor and live time (see chapter 18 below for details on the pileup correction). 
 

11.2 Repeating only some of the fits in the batch file 
Imagine you just ran a batch with 4 samples, and sample 3 went wrong. You want to recalculate it after changing the 
sample file or whatever. Section 7.1.7 above explains how to do it. Read then come back here. 
 
To make NDF read NDF.ORD, you have to run it using command line options (see section 7.2 above), such as 
 
NDF batch1 1 3 1 1 0 0 x (all commands used) 
NDF batch1 6 0 0 0 0 0 x (all zeros are unused and could be anything else as long as they’ re there) 
NDF batch1 0 3 1 1 0 0 x (last two zeros are unused and could be anything else as long as they’ re there) 
 
All that is needed is the presence of a seventh element in the command line list. So if you want to run e.g. in custom 
cooling mode, that requires only a “NDF batch 6” , you have to put five bogus list elements and then a seventh to make 
NDF.ORD be read. 
 
Suppose that you are running local search only (see sections 7.3, 7.4, and 11.1). Then, the same NDF.PRF file will be 
read for all samples. This is potentially wrong, since the samples may have nothing in common, and the NDF.PRF file 
should be different for each one of them. To make this happen, the seventh element in the command line must be "p". 

4 
100 1 0 2 
200 1 2 5 
1000 1 1 0 
30000 1 0 0 

4 
100 1 0 2 1 
200 1 2 5 0.1 
1000 1 1 0 0 
30000 1 0 0 99 
111 0 0 1 1 
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Then, for sample number s, the profile file NDFs.PRF will be read. 
 

11.3 Generate apparent cross sections that lead to a perfect fit to your data 
Suppose you are analysing Elastic Backscattering data, with non-Rutherford cross sections. Suppose also that you do 
not have reliable cross section values for your experimental conditions, but that you have some reference sample. For 
instance, you could be interested in analysing samples with carbon using a proton beam, and you have available a bulk 
carbon sample. 
NDF has a function that allows you to calculate apparent cross sections that lead to a perfect fit to the data from the 
reference sample. All you have to do is to run a simulation of the reference sample for the correct experimental 
conditions, using any cross section values you may have, no matter how wrong they are, including Rutherford values. 
The simulation should be on single-sample single-spectrum. You also must create a file called NON_RUTH.COR, with 
two lines: the first one is the number of the element (order in the structure file) for which you want to determine the 
cross section, the second the name of the output fle with the cross section values. 
You can use the output file as non-Rutherford correction as given in section 6.1 above. You should probably, however, 
first smooth the file up a bit. 
 

11.4 Automatic division of internal layers with non-Rutherford cross sections 
When very sharp resonances exist, as for protons on Al, it is convenient to have more, very thin, internal layers around 
the resonance, or its shape (and size) will be miscalculated due to interpolations. The price to pay will be a much slower 
code. The best way to do this in NDF is to introduce in the GEO file a line 
Autol (or autol or AUTOL) 
 
This will lead to automatic inclusion of one extra internal layer for each data point in the non-Rutherford cross section 
file. It will also make NDF calculate the spectrum not channel by channel (which, if the resonance width is of the order 
of the channel energy width, can lead to wrong interpolations), but internal layer by internal layer. Straggling will also 
be calculated internal layer by internal layer. Also, NDF will increase the size of its internal arrays describing the 
internal layer structure and non-Rutherford cross sections to the maximum allowed by memory constaints. Altogether, 
the run time may be orders of magnitude slower than normal NDF. 
WARNING:Use this option only if you really need it. And it is best used in simulation of data, not in fits: in most cases 
the difference will be minimal or none, and the price to pay in calculation time is very heavy. 
 

11.5 Maximum number of internal layers, cross section and stopping power tables 
NDF has internal tables/arrays with fixed sizes. Those are the maximum number of internal layers (into which the 
sample�s real layers are subdivided for calculation purposes), the table of cross section values, and the table of stopping 
power values. The default values are currently: 
maximum number of internal layers: 500 
cross section values: 1000 
stopping power values: 1000 
The user can change these values, to a minimum of 1 (in which case bad simulations are expected to result), and a 
maximum of: 
maximum number of internal layers: 3000 
cross section values: 15000 
stopping power values: 1000 
This can be done by using the NDF.TCN file (see section 9 above). Simply introduce three extra lines at the end of it, 
with integer values: 
<maximum number of internal layers> 
<cross section values> 
<stopping power values> 
You can also change these values automoatically to suit a given non-Rutherford cross section file, as described in 
section 11.4 above. 
 
WARNING: In some NDF versions, the total image size of the code exceeds the maximum allowed in the Fortran 
compiler used, which is 256 Mbytes, due to the number and size of the static variables. When all the options of NDF are 
used to the full (e.g. maximum number of cross section, stopping power and internal layers, maximum number of 
simultaneous spectra, maximum number of elements, etc), it is possible that NDF will not run. There will also be 
problems in computers with little RAM. 
 

12 Stopping power tables 
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By default, NDF uses ZBL90 stopping power values [15]. The user can scale these values (see section 6.2 above). NDF 
also supports MSTAR stopping power for heavy ions [16]. NDF also supports ZBL2000 stopping power values. The 
way to do is is to specify, in the GEO file: 
 
MSTAR Li Si will make the stopping of Li in Si be calculated with MSTAR. All other stoppings will remain ZBL90. 
 
MSTAR will make all stoppings be calculated with MSTAR. 
 
ZBL00 Au Fe  will make the stopping of Au in Fe be ZBL2000. All other stoppings will remain ZBL90. 
 
As many specifications as possible can be used. Please note however that the last specification override the previous 
ones for the same ion/target element pair. E.g., in a sample containing C, N, and Si, measured with 35Cl ERDA for the 
GEO file where C is detected, suppose the Geo file includes at the end: 
 
ZBL00 
MSTAR 35Cl Si 
ZBL90 C C 
 
The following stopping powers will be ZBL2000: 35Cl in C, 35Cl in O, C in N, C in Si 
The following stopping powers will be ZBL1990: C in C 
The following stopping powers will be MSTAR: 35Cl in Si 
 
While  
 
MSTAR 35Cl Si 
ZBL90 C C 
ZBL00 
 
would mean that all stoppings are ZBL2000, since the last line overrides the previous ones. 
 

12.1 ZBL2000 data 
The data files Scoef.95a and Scoef.95b must be in the WiNDF directory, the same one where WiNDF.exe is located. 
These files can be downloaded from http://www.srim.org/. 
 

12.2 MSTAR.exe and data 
The executable MSTAR.exe and its data file Msdbs1.d must be in the WiNDF directory, the same one where 
WiNDF.exe is located. These files can be downloaded from http://www.exphys.uni-linz.ac.at/stopping/. Please note that 
restrictions apply to allowed ion/target element pairs. Furthermore, NDF will only use the elemental stopping powers in 
MSTAR, not those given for specific compounds. 
 

13 Straggling calculations 
 

13.1 Chu and Bohr straggling 
NDF does not calculate straggling by default. The user can however tell NDF to calculate Chu straggling with effective 
charge scaling according to the algorithms given in [11,17], or Bohr straggling. NDF v7 does not calculate the influence 
of other effects (geometrical dispersion, plural and multiple scattering, etc). This means that any interface width will be 
overestimated by NDF (RUMP calculates only Bohr straggling. RBX from Endre Kótai puts in the other factors except 
multiple and plural scattering. A survey of existing codes is in [18]). 
NDF also lets the user scale the value of (Chu or Bohr) sraggling calculated, by introducing a multiplicative scaling factor. 
The user must add one line at the end of the geometry file (see section 4.1), which for Chu straggling is simply: 
CHU (or Chu or chu) scaling_factor (1. for no scaling) 
and for Bohr straggling is 
BOHR (or Bohr or bohr) scaling_factor (1. for no scaling) 
WARNING: This will slow NDF down, although not as much as when using DEPTH (see below). 
WARNING: In the current version, the straggling in any existing stopping foil is not calculated. Any way, Edit Szilágyi 
has shown multiple scattering to be dominant for grazing angle of incidence as in ERDA, so DEPTH should always be 
used. 
WARNING: When using Chu or Bohr straggling, the straggling is calculated at the beginning of each sub-Markov chain, 
i.e., only once for each temperature, because it is a very time-consuming procedure. This has the consequence that the c2 
may increase occasionally, particularly at high temperatures (although it can also happen during local minimisation). 
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13.2 DEPTH 
However, if the user knows any better, we let them use their knowledge. It is possible to input a file containing energy 
resolution values. The format of this file is (a maximum of 4000 values are allowed): 
 
six dummy lines, then four columns with 
dummy dummy energy-resolution (keV) beam-energy-before-interaction (keV) 
 
This is, and not by chance, the output format of Edit Szilágyi’ s DEPTH code [19], that we can’ t recommend more. It does 
state of the art depth resolution calculations, and for all we know there is nothing comparable available. 
The energy resolution is different for each element in the sample (straggling and plural scattering will be different after 
scattering because of the different energy after scattering off different elements). 
 
So, all you have to do is to calculate the energy resolution for the elements you have (using e.g. the nominal sample 
composition), by any method you like (using DEPTH is the best way), save the result as files, and then, in the geometry 
file  (see section 4.1), add one line per element: 
DEPTH (or depth or Depth) element depth_filename 
 
You can also scale the influence of straggling by a factor: 
DEPTH (or depth or Depth) element depth_filename scaling_factor 
Note that this is not a multiplicative scaling to the resolution values in the file depth_filename; it is a scaling in the increase 
in resolution values due to straggling; for instance, the resolution at the surface will not be changed. Now, suppose you  
introduced scaling_factor=0.5, and at a given depth the FWHM in the original file is 30 keV, for a surface value of 15 keV. 
The contribution of straggling so far has been 302-152=675 keV2, or 25.98 keV. This will now be 0.5×25.98=12.99 keV. 
The total resolution will then be 12.992+152=393.75 keV2, or 19.84 keV. 
 
On top of that you can add a constant (positive or negative) to the values given in the file depth_filename: 
DEPTH (or depth or Depth) element depth_filename scaling_factor add_constant 
In the example above, with scaling_factor=0.5, if add_constant = -1.5, then the final resolution at that depth would be 
19.84-1.5=18.34 keV. 
 
All elements for which no such line exists will be considered as having straggling given by the Chu or Bohr flag above, or 
no straggling in their absence. 
WARNING: This will slow NDF down by 1-2 orders of magnitude. Expect long calculation times even if you have a 
good PC. Do not use it unless you need it. 
WARNING: Take a look at section 4.8 above. 
 

14 Roughness 
 

14.1 Roughness models 
NDF has an algorithm to calculate the influence of roughness on the spectra. WARNING: It will only do so when the 
straggling or DEPTH options (see section 13 above) are used. For instance, if you use DEPTH for one element but not 
for the others, and no straggling option, the influence of roughness will be only calculated for that element. 
 
NDF models several different kinds of roughness, described below and given in the figure. What it does is to try to 
describe the influence of the roughness solely as an increase in the energy resolution as a function of depth.  This can be 
more or less successful as noted below. The roughness models are those given in ref. [20], and the description below 
follows that paper. 
 
In all the models it was supposed that the contribution to the depth resolution caused by the surface roughness follows 
Gaussian distribution, is independent from the other contributions, and can be added to them in quadrature. The models 
are as follows:  
 
1) The roughness is caused by the inhomogeneity in the layers thickness. See figure a) below. In this case, assuming that 
the previous layer does not affect the thickness of the following one (like filling up valleys), the contributions due to 
each layer, dXi, are independent from each other and we can derive that the total contribution, DX inh, to the depth 
resolution at the interface between the nth layer and the following one is 

DXinh = d i
i

n
X2

1=

�

,  (1) 
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where dX i is the inhomogeneity of the ith layer (counting from the surface). NDF implements Eq. (1) in the following 
way: The dXi for each layer, taken as the standard deviation of the layer thickness (not the FWHM) is given by the user. 
The corresponding energy resolution (standard deviation, not FWHM) is added to the energy resolution at the interface 
between layer i and the next one. In layer i itself, the energy resolution will be a changing function, starting at the value 
at the bottom layer i-1. WARNING: Please note that there is no way to correctly implement this model 1 simply by a 
changing energy resolution. The implementation described is thus reasonable, but not perfect. 

 
2) The variation in the layer thicknesses is insignificant, and instead the contribution is connected to the fact that the 
substrate surface is slightly deformed and consequently causes a variation dq (standard deviation) in the angle of 
incidence, that leads to a spread dp in the length p of the path the particles make to probe a certain depth (see fig. b). 
That spread will be perceived as coming from a spread in the thickness of the layers. The resulting contribution at depth 
X, DXdef, can be calculated by differentiating X=pcos(q), and is 

DXdef(X,q) = X tg(q) dq  (2) 
 

NDF implements equation (2) by converting DXdef into an energy resolution value (standard deviation, not FWHM). 
This means it can have discontinuities from layer to layer due to different stopping values. 

 
3) The contribution is still connected to the surface roughness of the substrate, but in a more sophisticated way. All the 
interfaces closely follow the substrate surface (see fig. c). Consequently, when the ions enter the surface in point A and 
are backscattered at a thickness X in a different point B, the contribution will appear only if there is a lateral distanc l 
between A and B. The contribution, DXsubst, will increase with l until reaching a saturation value dX characterizing the 
substrate surface roughness. dX is actually the standard deviation (not FWHM) of the height distribution of the substrate 
surface points. The exact shape of this saturation behavior depends on the shape characterizing the surface roughness 
(i.e., smooth waves, steps, sawtooth shaped elevations, etc.). Without detailed knowledge of it, we estimated the 
behavior to be error function shaped, resulting in 

 
DXsubst(X,q)=dX erf(X tg(q)/L),  (3) 
 
where L is the correlation length, being of the order of magnitude of the lateral size of the surface structures. NDF 
implements equation (3) by converting DXsubst into an energy resolution value (standard deviation, not FWHM). This 
means it can have discontinuities from layer to layer due to different stopping values. Note also that for small L values, 
the resolution will change very rapidly, which will lead to strange spectral shapes. 
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Fig. Diagrammatic explanation of the roughness models considered. a) Inhomogeneity in the layers thicknesses. A (Re 
0.5 nm/Co 0.5 nm)x3 SL is schematically represented. Re and Co atoms are depicted by black and white circles 
respectively. The discrete nature of the layers leads to a variation in their thickness from point to point. b) Deformed 
substrate surface. The d J   incident angle variation leads to different paths inside each layer, that will be perceived as 
different layer thicknesses. c) Substrate surface roughness. The lateral distance between the impact point A of an ion to 
the surface and the point B where the backscattering takes place is l=X tgq. The deviation in the observed layer 
thickness increases with increasing l. 
 
(4) Roughness/intermixing in one (or more) interface. The contribution dXi to the standard deviation will be introduced 
only in the interface(s) in question, and does not propagate to the deeper layers. This will be a localised broadening of 
the features associated with the interface(s) considered. The dXi for each interface, taken as the standard deviation of the 
interface (not the FWHM) is given by the user. The corresponding energy resolution (standard deviation, not FWHM) is 
added to the energy resolution at the interface between layer i and the next one. WARNING: Please note that there is 
no way to correctly implement this model 4 simply by a changing energy resolution. Our implementation is reasonable, 
but not perfect. 
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14.2 Include roughness in a simulation or fit 
To include roughness in a simulation or fit, you must do the following: 
1) Introduce 5 lines at the end of the str structure file. They are: 
"Rough" (or "rough" or "ROUGH") 
F1 F2 F3: these are flags to define if models 1, 2 or 3 are used. 0: not, 1: yes. More than one model can be used 

simultaneously. To use model (4), put F1=4. Models (1) and (4) cannot be used simultaneously 
dq, flag_var: initial value for dq in Eq. (b) (in degrees), varies during fit (1) or not (0) 
dX, flag_var:  initial value for dX in Eq. (c) (in nm), varies during fit (1) or not (0) 
L, flag_var:  initial value for L in Eq. (c) (in nm), varies during fit (1) or not (0) 
2) If you want to use model (1), you must introduce two new columns in file NDF.PRF, after the element concentrations 
(see the description of NDF.PRF in section 11.1 above). The first one contains the initial roughnes value dXi of that 
layer, in 1e15 at/cm2, the second is a flag: 1 if the roughness of that layer varies during the fit, 0 if not. If you only want 
to do a simulation, the second column is not necessary. If you want to use model (4), you must introduce two new 
columns in file NDF.PRF, after the element concentrations (see the description of NDF.PRF in section 11.1 above). The 
first one contains the mixing value dXi between layers i and i+1, in 1e15 at/cm2, the second is a flag: 1 if the mixing 
varies during the fit, 0 if not. If you only want to do a simulation, the second column is not necessary.  
 
WARNING: The current implementation is prepared to use models (1) and (4) with a local search only. SimAnn (even 
local SimAnn - see section 7.4 above) will produce undetermined results: the calculations will be right, but in which 
layers will have roughness been introduced is pretty much random. In principle, there should be no restrictions for 
models (2) and (3), but I am not quite certain about that: never tested. As a general rule, if you are including roughness 
in the fit then you should be certain of what the layer structure is. That is, using roughness ONLY with local search is a 
good thing to do. Sorry for the inconvenience. WARNING: Use of roughness is incompatible with determination of 
stopping powers (see section 16 below) or non-Rutherford cross sections (see section 17 below). 
 

15 Calculation of er ror  bars 
 

15.1 Calculate error bars on your depth profiles using Bayesian inference 
This Bayesian inference algorithm allows you to calculate confidence limits on the depth profiles you obtain. It is a 
Monte Carlo calculation, which means it takes long to calculate. 
Basically, MCMC runs after SimAnn (although the calculations are actually completely separate). It will run if and only 
if you have a file called MCMC.BI in the current directory. This file must consist solely of three integers. The first one 
will be the length of the Markov Chain calculated. Please note that the number of functions calculated will be about 10 
to 20 times this number. A Markov Chain with 1000 elements is rather small, but possible in very simple cases. 10000 
is more like it, but you’ ll have to wait for it… no diagnostic tools are provided with this version of NDF to tell you 
which length is OK. Satisfy yourself. 
 

15.2 Output files 
You can get two kinds of output. The first one is the average depth profile plus the confidence limits, in a 4-column file: 
depth, <profile>,  <profile>-sigma,  <profile>+sigma 
 
The second kind of output is the average thickness and composition of each layer, with the respective errors (sigma): 
thickness, sigma_thickness, element1(at%), elemant1_sigma, element2(at%), elemant2_sigma, etc. 
 
To choose the first kind of output (default), the MCMC.BI fi le should be e.g. 1000 1 0 0, to choose the second it should 
be 1000 2 0 0 (see section 15.4 below for an explanation of the last two numbers). The second number, 1 or 2, is the 
relevant one. A 0 there will mean no MCMC on sample profile/ composition is made. 
 
The files burncoef.dat, burn_exp.dat, and maincoef.dat, main_exp.dat are also created. 
The * coef.dat files are: 
number of accepted state; chisquared 
The *_exp.dat files are:  
number of accepted state; (calibration_factor, calibration_offset, charge×solid_angle_product)×number_of_geoms 
 

15.3 Error bars on roughness parameters 
If you are including roughness in the calculations (see section 14 above), then NDf will automatically do Bayesian 
inference on them, that is, you will get in the res files the average and standard deviation of the relevant roughness 
parameters (note that the average is in general not equal to the best fitted value). You will also get the normal output 
files as described above. WARNING: However, note that when using roughness, the number of layers remains 
constant, that is, the transition function never splits a layer into two or merges two layers into one. Hence it is slightly 
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less flexible than the transition function used when roughness is not included. This should not be a serious problem, 
particularly taking into account that you should only use roughness when you are very certain of what the layer 
structure of your system is. WARNING: Use of roughness is incompatible with determination of stopping powers (see 
section 16 below) or non-Rutherford cross sections (see section 17 below). 
 

15.4 Model limitations 
 
WARNING: MCMC relies heavily on the chisquared (the one that is the distance between data and fit weighted by the 
error bar). If the chisquared is too large, e.g. because the model you are using is bad (e.g. you forgot your silicon wafer 
had Si and you’ re trying to fit it with O and Ge only), or because you need a substrate plural scattering correction, or 
whatever reason, MCMC will give the confidence limits GIVEN THE MODEL YOU USE! This might be different 
from the real errors given a correct model. Satisfy yourself you’ re doing the right thing. 
 
There are some ways of getting around this. The first one is terribly fake, and it is to consider that the best fit obtained 
with SimAnn actually represents the real structure of the sample, and that all misfits are due to other problems (e.g. 
multiple scattering etc). Then we can take the fit, put Poisson noise on it, and analyse that as if it were the data. You do 
that using the third number in the MCMC.BI file, which should be a 1 to turn this option on, e.g. 1000 1 1 0 or 1000 2 1 
0. The other way is to consider that the error for the yield in a given channel is not necessarily from statistics (in which 
case it would be Poisson), but that or the misfit; whichever is greater. This is used as default in NDF, to take just 
Poisson noise the fourth number should be a 1: 1000 1 0 1, 1000 2 0 1, 1000 1 1 1, 1000 2 1 1. 
The recommended usage is with the last two numbers at 0: raw data, with error taken from misfit: 1000 1 0 0 or 1000 2 
0 0. 
 
WARNING: BI/MCMC will include in the error structure the error with which you determine the energy calibration 
and the charge-solid angle product. If you don’ t use custom cooling in the initial SimAnn run, these errors will be 
internally determined – they are actually different for the different pre-set cooling speed options, and I’m not telling 
which values are pre-set. This means you will get errors that will be partially unrelated to your real experiment. The 
only way you can control this properly is by using custom cooling, that is, the NDF.TCN file (see section 9 above). 
MAKE SURE YOU USE IT. This is on purpose: MCMC is trickier than SimAnn. Either you know what you’ re doing 
(and hence you won’ t have a problem working with NDF.TCN) or don’ t use MCMC at all. The errors MCMC will use 
for the energy calibration, sensitivity, and plural scattering correction are the variation limits given in NDF.TCN. 
WARNING: The MCMC algorithm we implemented is not terribly stable. We did not use the maximum entropy prior 
(for very good reasons), which would have made the solutions more stable. Great care is required when using our 
algorithm, satisfy yourself! 
 

16 Determination of stopping power values 
 

16.1 How it works 
NDF has implemented a simple method for the determination of stopping powers. It involves measuring the energy 
spectra of backscattered particles from a known target (i.e., RBS spectra), which is experimentally trivial. We then 
simulate a theoretical spectrum for the known experimental parameters, and fit the stopping powers to obtain a match 
between the simulated spectrum and the data. This is done with a Bayesian inference algorithm, in order to get error 
bars on the results obtained. 
 
What you must do: at the end of the SPC file introducve one line with the flag "STOP" (or "stop" or "Stop") and then 
the element name for which you want to determine the stopping powers, e.g. 
stop si 
to determine the stopping power of Si. 
 
There are many details that you must take care of. In particular, this algorithm has only been tested by us with the 
recommended usage below. WARNING: Use of roughness is incompatible with determination of stopping powers. 
 

16.2 Single elements 
We have only tested the algorithm for targets consisting of single elements. In principle, the code should be able to 
handle multi-elemental targets. However, the stopping power of one single target element can be studied (you can not 
run the routine on two elements at the same time). 
 

16.3 Single ion 
We have only tested the algorithm for a single incident ion. In principle, when using multiple spectra, it might be 
advantageous (for accuracy) to use several different beams (e.g. H, He, and heavy ions) in the fit. The code should be 
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able to handle this, but we have not tested it. 
 

16.4 ROI  and multiple/plural scattering 
NDF does not calculate multiple and plural scattering. These effects change the shape of the spectra. As the stopping 
power determination depends on the spectra shape, you cannot use data where multiple and plural scattering play any 
significant role. You also cannot use the ad-hoc PS/MS corrections given in sections 6.3 and 6.4 above. This means you 
must use a ROI corresponding to a region where there is no PS/MS. This is typically the surface channels. The usable 
ROI will be larger for higher beam energies because MS/PS are higher at low energies. Satisfy yourself that the ROI 
you are using is MS/PS free. 
 

16.5 Multiple spectra 
For better precision you should use multiple spectra, measured with different beam energies. This circumvents the 
problem of not being able to use the whole data but just surface ROIs, as it means a larger energy range will be covered. 
 

16.6 Parameterisation 
In this work we use the pre-1995 ZBL parametrisation for the electronic stopping, which has a functional form based on 
8 parameters to be fitted. It is these parameters that we fit. 
 

16.7 Pre-BI /MCMC fitting 
The BI/MCMC process starts after an initial fit. We recommend that you first have a good fit to the data, including 
correct charge, calibration and other experimental parameters, then do a local search. Don�t run SA beforehand 
 

16.8 Markov chain length 
We recommend at least 100000. The calculation will take long. The MCMC.BI file (see section 15.1) should be 
100000 0 0 
meaning no depth profile/layer composition fit. 
 

16.9 Use the TCN file 
You should use the TCN file to control the variation range of the experimental parameters, as mentiond in section 15.4. 
The model limitations mentioned in that section also apply. 
 

16.10 Output files 
The following output files are created: 
STOPsf.DAT 
Has the stopping curve. The structure is 
energy; original; [S], [S]-s, [S]+s. 
Where "original" is the curve normally used in NDF, [S] is the average stopping determined, and s is the standard 
deviation determined. The meaning of s and f is given in section 8 above. 
 
The files burncoef.dat, burn_exp.dat, burntest.dat, burn_h.dat and maincoef.dat, main_exp.dat, maintest.dat, main_h.dat 
are also created. 
The * coef.dat files are: 
number of accepted state; 8_stopping_coefficients; chisquared 
The *_exp.dat files are:  
number of accepted state; (calibration_factor, calibration_offset, charge×solid_angle_product)×number_of_geoms 
The* test.dat files are: 
number of tested state; 8_stopping_coefficients; chisquared 
The*_h.dat files are: 
number of accepted state; surface height for all spectras fitted (counts per mC per msr per keV) 
 

17 Determination of non-Ruther ford cross section values 
 

17.1 How it works 
NDF has implemented a simple method for the determination of non-Rutherford cross section values. It involves 
measuring the energy spectra of backscattered particles from a known target (i.e., RBS spectra), which is 
experimentally trivial. We then simulate a theoretical spectrum for the known experimental parameters, and fit the non-
Rutherford cross section values to obtain a match between the simulated spectrum and the data. This is done with a 
Bayesian inference algorithm, in order to get error bars on the results obtained. 
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WARNING: The current implementation is very bad. We advise you not to use it! It is included in the code simply 
because we want to improve it. That is: DON�T USE IT. 
 
What you must do: at the end of the SPC file introducve one line with the flag "CROSS" (or "cross" or "Cross") and 
then the element name for which you want to determine the stopping powers, e.g. 
stop Al 
to determine the non-Rutherford cross section of Al. 
 
There are many details that you must take care of. In particular, this algorithm has only been tested by us with the 
recommended usage below, and is not particularly stable. WARNING: Use of roughness is incompatible with 
determination of non-Rutherford cross sections. 
 

17.2 Non-Rutherford cross section file 
You must input a non-Rutherford cross section file as described in section 6.1 above. The fit will be done on the data 
given in that original file. That is, the energy spacing between points will be that in the original file. 
WARNING: if the spacing is tight, with sharp resonances, you should use the AUTOLAYER option described in 
section 11.4 above. 
 

17.3 Single element 
The non-Rutherford cross section of one single target element can be studied (you can not run the routine on two 
elements at the same time). In principle, you can at the same time run a stopping power search (even on a different 
element), but this is untested. The target may have more than one element. 
 

17.4 Single ion 
The algorithm is written for a single incident ion. When you use multiple geometries, in all of them the same non-
Rutherford cross section file must be given. What happens if you do otherwise is undetermined. 
 

17.5 Straggling 
The shape of the data will depend on the shape of the resonances and on the shape distortion due to straggling. You 
shoud have a good straggling description, for instance by using DEPTH calculations as described in section 13.2 above. 
In some cases just Bohr or Chu straggling can sufice. This could be the case if the cross section changes only slowly. 
 

17.6 Plural and multiple scattering 
´The considerations made in section 16.4 above also apply. 
 

17.7 Multiple spectra 
To avoid over-sensitivity to statistical fluctuations in the data, you should probably fit more than one spectrum at the 
same time. This should probably also be at different beam energies. 
 

17.8 Output files 
The following output files are created: 
CROSsf.DAT 
Has the cross section curve. The structure is 
energy; original; c, c-s, c+s. 
Where "original" is the original file values, c is the correction factor determined, and s  is the standard deviation 
determined. The meaning of s and f is given in section 8 above. 
 
The files burncoef.dat, burn_exp.dat, and maincoef.dat, main_exp.dat are also created. 
The * coef.dat files are: 
number of accepted state; chisquared 
The *_exp.dat files are:  
number of accepted state; (calibration_factor, calibration_offset, charge×solid_angle_product)×number_of_geoms 
 

17.9 Markov chain length 
We recommend at least 100000. The calculation will take long. The MCMC.BI file (see section 15.1) should be 
100000 0 0 
 

18 Automatic pile-up correction (aka Jeynes fudge) 
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18.1 The problem 
When two backscattered particles hit the detectors at the same time (or within the detector’s response time), the output will be 
a single signal, proportional to the added energy of the two particles; for instance, if their energies were 0.7 and 0.8 MeV, 
instead of two corresponding signals, a single pulse corresponding to 1.5 MeV will be created. That is, the spectrum will loose 
2 counts at low energies and gain 1 count at high energies. This leads to a distortion of the shape of the spectrum. 
 

18.2 The solution 
The shape of the pile-up spectrum p (that is, the spectrum due to counts involved in pile-up, both the ones lost at low 
energies and the ones gained at high energies), can be calculated [21]. It is 
 
p(i) = w × [A×C(i)-c(i)] × cT / tl ive, (1) 
where tl ive is the livetime of the experiment and c(i) the raw data,  C(i) = �  j=1

i/2 c(j)×c(i-j), and 2ACT=cT, where  CT = 
C(i) and cT = c(i)  
 
The normalisation factor w depends on various parameters, mostly on the experimental set-up including the electronics 
settings (e.g. the low level discrimination). However, we have noticed that, for each detector that we have in Surrey, it 
remains relatively constant (within 20 or 30% of 1.2e-6) over long periods (above 1 year) [22], so for a reasonably 
accurate correction we do not have to determine it each day, we simply use the same value. This value is set rigidly 
within NDF as 1.2×10-6, but can be changed with NDF.TCN. It will only be used for data type “raw XRBS” , unless you 
say otherwise by using NDF.TCN. 
 

18.3 Automatic pile-up correction on your data 
If you use data type 1 (raw XRBS Surrey, see section 5.4 above) the correction will be done automatically because the 
livetime is given in the file. For data type 12 there will be no correction. For formats 14, 15, 16 the livetime also is 
given somewhere in the file. 
For other data types, the first channel in your data MUST be the livetime in seconds. If this values is zero, no pileup 
correction will be made. Further, you must introduce one line at the end of the GEO file, containing the world ‘pile’ , 
‘PILE’  or ‘Pile’  and a number, which will be taken to be the pileup factor w in Eq. (1). WARNING: If the first channel 
in the data is an arbitrary number with no relation with the real livetime, an arbitrary correction with no relation with 
reality will be done. 
 
So, what you have to do is: 
 
1. Make sure the first number in your data is the live time. 
2. Introduce a line at the end of the geometry file with the keyword ‘pile’  followed by the value of w. ‘Normal’  

values of w are somewhere between 1.e-5 and 1.e-7, but this can vary. 
3. Run NDF, and look at file bIsf.DAT (this file is created in the beginning, so you can interrupt the fit after the first 

iteration). The data structure is: 3 columns, i;c(i);p(i). 
4. The pile-up spectrum is supposed to reproduce the raw data in the high energy region where all the counts are due 

to pile-up, that is, above the energy corresponding to the heaviest element present. If it doesn’ t, it’s because the w 
value needs correction. Just normalise it linearly. See Fig. 2 of Ref. [21], and Fig. 1 of Ref. [23]. 

5. You will probably be able to use the same w value over long periods of time, but remember, you need a different 
w for each set-up/geometry/electronics/whatever you use. Also, it is highly recommended to check it regularly. 
WARNING: For high precision work, you should determine the correct w of the day. 

 
For data type 1, NDF takes the pileup factor w to be 1.2e-6. To change it or make NDF not calculate pileup, add the line 
pile 0. 
 
Please note that NDF will subtract the pileup correction spectrum from the data, and fitted the corrected data. 
 

19 Substrate plural scatter ing correction (aka Jackson fudge) 
 

19.1 The problem 
Plural scattering (as well as other effects such as deviations from the Rutherford cross sections at low energies, and inaccurate 
values of the stopping powers) leads to deviations of calculated spectra from the measured yield, even if the structure of the 
samples is perfectly known. In general, the measured yield at low energies is larger than the calculated theoretical yield. 
 

19.2 A (relatively general) ad-hoc solution 
 
It is possible to account for this effect in an ad-hoc way, provided a reference sample can be obtained. For a real life 
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complex-yet-simple example. For instance, in a series of SiC samples implanted with some element, the RBS spectrum 
of pure SiC can be used as a reference. The heavier Si will in general be responsible for the deviation, so we want to 
find a correction for the Si only. 
 
Let us define the experimental yield as Yexp(channel), and say it is the sum of the experimental partial yields due to all 
elements X, Yexp(X,ch), as 
 
Yexp(ch) = � X Yexp(X,ch), (1) 
 
and that the theoretical partial spectrum corresponding to Si is Y theory(Si,ch). Then the plural scattering correction factor 
P(ch) will be 
 
P(ch) = Yexp(Si,ch) / Y theory(Si,ch). (2) 
 
If we can assume that the implanted extra element will not change significantly this correction factor, we can use it in 
the fits of the real interesting data. We do this regularly at Surrey, so far with very good results. 
 

19.3 What you have to do 
1. You have to have a reference sample from which you trust you can obtain a valid plural scattering correction that will 

work in your particular problem. You get an RBS spectrum taken in the same conditions as your real interesting data. 
2. You fit it with NDF. You give as fitting region of interest only channels where you believe plural scattering plays 

no role (that is, in the high energy part of the spectrum). You MUST use a 512 channel compression level. You 
HAVE to convince yourself that the fit is good. Look at the partial spectrum of the element you are interested in: 
do you believe it? For instance, if you have an homogeneous multi-element reference sample, you should use as 
minimum layer thickness in the structure file .STR a very large value, say 10000 (think for yourself why; either 
understand it or don’ t proceed!). 

3. We provide you a little utility program called MS.EXE to calculate Eq. (2) for you. Just run it and follow the 
instructions. You will be prompted for an output file name that will contain the result of Eq. (2), i.e. P(ch). 

4. This is NOT all! Plot P(ch) using whatever graphics routine you use. It is likely that it will have kinks and peaks near 
edges, where the fit wasn’ t perfect. Look carefully at it, and decide which points you have to throw away. Normally, in 
the low channels it will be above 1, and then it will stabilise around 1 (with large statistical fluctuations!), and then will 
fluctuate wildly (above the highest-channel edge, normally): throw away all points above that! 

5. Fit it, using whatever routine you have, with a third degree polynomial as 
 
Pfitted(ch) = a0 + a1.ch + a2.ch2 + a3.ch3. (3) 
 
You also need to define a cut-off channel chcutoff (integer) above which the correction is not going to be used: normally 
Pfitted(chcutoff) = 1. 
chcutoff, a0, a1, a2, and a3 define the plural scattering correction you want: they are the numbers, in this order, that you put 
in the proper place in the sample definition file NDF.s* . 
 

19.4 A worked example 
A University of Surrey PhD student, Serrita Almeida, had a lot of samples consisting of a SiN layer on top of Si, implanted 
with different doses/energies. The spectrum of the unimplanted sample is in Figure 1, together with the fit and the fitted partial 
spectra; the ROI for the fit was channels 200-300: you can clearly see the yield problem at low energies. This isn’ t nice! 
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Figure 1. SiN on Si. Fit without plural scattering correction. ROI: 200-300 
 

 
Figure 2: Output of MS.EXE. 
So we followed the procedure given above. The output of MS.EXE is shown in Figure 2. You can see that there is a 
problem above channel » 260, because the energy calibration wasn’ t too good. There is also a kink at channel 30, due to 
some electronics problem of the collecting system. 

So, we eliminated what we think are the bad points, and fitted the remaining ones with a third degree 
polynomial. That is shown in Figure 3. The cut-off point as well as the polynomial coefficients are shown in the figure, 
exactly as they were later introduced in the structure file. 
 
 



NDF v7.7 23-03-00 

31 

 
Figure 3. Plural scattering correction used. The cut-off channel and the polynomial coefficients are shown. 
 
To finish the story, we made a fit to the original data (as well as to all the implanted samples) using this correction, and 
the result is shown in Figure 4; the ROI was channels 200-300 as well, and nevertheless the fit is good throughout all  
the spectrum: so that is our happy ending! 

Be aware that what you think is a plural scattering effect may in fact be some real feature of the sample (for 
instance, the concentration of some heavy element increasing with depth)! That is to say, SATISFY YOURSELF that 
you are doing the right thing. 
 

20 Ad-hoc thin film plural scatter ing correction 
 

 
Figure 4. SiN on Si. Fit with plural scattering correction. ROI: 200-300 



NDF v7.7 23-03-00 

32 

A thin film of a heavy element will lead to some plural scattering at energies lower than it (if it is thick enough, 
extra counts due to plural scattering will start to appear already in the film). This leads to a background that can be in 
some cases disturbing, for instance if you are trying to fit a relatively small peak at energies lower than the heavy 
element film, or in extreme cases like Au on a C substrate, the background due to the Au plural scattering can be 
important when compared with the C signal height. Also, if you are looking at diffusion from the thin film, it would be 
nice to get rid of those extra counts. 

The background is relatively constant for some energy range, below which it increases. It has a film thickness t 
dependence approximately as t2-3 [24]. 

NDF allows you to do a correction for this background. This is extremely ad-hoc, not general, and indefensable 
from a physical point of view. That is, it is almost certainly wrong. It might be helpful on occasion, we used it exactly once 
(unpublished results although it was nice work!), so it’s a NDF feature and here it goes. Suppose you have thin films of the 
same material with different thicknessess. You measure the background level below the peak. Normalise to 1 mC charge. 
Plot against the width Dx (in channels!) of the film. Fit it with a c.Dx2 equation, as shown in Figure 5 for Au thin films. 
You can give to NDF the fit parameter c (in this case 0.00557=0.00258/0.463), the low and high channels where the film 
is, and the element to which the correction corresponds (at the end of the geometry file you include a line 
“Au 0.00557 xmin xmax”). Below the low channel, NDF will subtract a constant background as given by the figure 
(corrected for the charge of the spectrum in question). In the region of the film it will subtract a background that depends 
on Dx as in the figure. Please note that NDF will subtract the correction from the data, and fit the corrected data. 
This will work only on an ad-hoc basis. WARNING: Do not try this at home. 
 

21 4He on H non-Ruther ford cross sections 
 
The He on H ERDA cross-sections are non-Rutherford. They are given for 9 different values of the f  angle ("scattering 
angle" in section 4 above ) in Figures 5.13-5.16 of the IBA Handbook and in ref. [25] (and references therein). That 
data can however be more conveniently represented by the simple equation 
 
s(E,f ) = sR(E,f )  [ 1 + a1(f ).E + a2(f ).E2 + a3(f ).E3 ] if f  £ 60ë, (2) 
 = sR(E,f ) if f  > 60ë, with 

ai(f ) = mi
0 + mi

1.(p/2-f )3 + mi
2. (p/2-f )9 + mi

3. (p/2-f )19. (3) 
 
A least-squares fit to the m coefficients yields (E expressed in MeV, f  in rad) 
m1

0 = -.3691933E-01 (4) 
m1

1 =.1447783E+00 
m1

2 =-.2236530E+00 
m1

3 =.3116013E-01 
m2

0 =-.2135376E-01 

 
Figure 5. Plural scattering background correction as function of the channel width of a Au film. 
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m2
1 = .1738669E+00 

m2
2 =-.6453791E-01 

m2
3 =.1617323E-01 

m3
0 =-.6856547E-02 

m3
1 =.4694758E-01 

m3
2 =.2344481E-01 

m3
3 =-.9753001E-02 

 
Note that only 12 free parameters were used to fit all data, as opposed to in the IBA Handbook and in ref [25], where a 
total of 34 parameters were used; further, our approach allows reasonable interpolation to any value of f  between 20 
and 60ë, in the energy interval 1-5 MeV. Figure 6 shows the fits (note that all 9 angles are fitted together, with the same 
m values). The results are not very precise, but nevertheless Equations (2-4) are always used automatically by NDF for 
He on H ERDA, in order to give the user at least a reasonable first approximation.. If you want to turn them off, you 
can, e.g. by supplying a non-Rutherford correction file (see section 6.1 above) with your cross sections or if nothing, 
you can always give it correction factor of 1. 
 

22 4He on D: non-Ruther ford cross sections 
 
The He on D ERDA cross-sections are non-Rutherford. They are given for 5 different values of the f  angle ("scattering 
angle" in section 4.1 above) in Figures 5.17-5.21 of the IBA black Handbook. That data can however be more or less 
conveniently represented by the simple equation 
 
s(E,f ) = sR(E,f )  [ 1 + a1(f ).E + a2(f ).E2 + G(E,E0,A,s)], with (1) 
ai(f ) = mi

0 + mi
1.f  (2) 

G(E,E0,A,s) = A exp(-(E-E0)
2/2s2) / s sqrt(2p) (3) 

E0 = c0 + c1.f  + c2.f
2 (4) 

1000 2000 3000 4000 5000

200

400

600

800

1000

Fit to data + Rut(60o); 40-55o 5x; sigcoef.5

j  = 20o, 25o, 30o, 35o, 40o, 45o, 50o, 55o, 60o

 

 
C

ro
ss

 s
ec

tio
n 

(m
b/

sr
)

Energy (keV)

 
Figure 6: Fits to 4He on H non-Rutherford cross sections (fits-solid lines, data-points, Rutherford cross sections-
dashed lines) 
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A = a0 + a1.f  + a2.f
2 (5) 

 
A least-squares fit yields (E expressed in keV, f  in degrees) 
m1

0 = -.2327239E-02 (6) 
m1

1 = .6392098E-04 
m2

0 = .4639776E-05 
m2

1 = -.1005363E-06 
 
c0 = .1943724E+04 (7) 
c1 = .1574953E+02  
c2 =-.3211486E+00 
a0 = .1828700E+05 
a1 =-.9139993E+03 
a2 = .1140726E+02 
s= 32.53845 
 
Eq. (6) describes the non-resonance region, and eq. (7) describes the resonance; this approach allows reasonable 
interpolation to any value of f  between 20 and 40°. WARNING: It does not allow extrapolation on the angle. Figure 7 
shows the fits (note that all 5 angles are fitted together). These are not really absolutely brilliant, but they are good 
enough, we think, and certainly much better than using Rutherford cross sections. Equations (1-7) are always used 
automatically by NDF for He on D ERDA. If you want to turn them off, you can, e.g. by supplying a non-Rutherford 
correction file (see section 6.1 above) with your own cross sections or just a constant correction factor of 1. 
 

 
Figure 7: Fits to He on D non-Rutherford cross sections (fits - solid lines, data - points, Rutherford cross sections - 
dashed lines). 
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