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Developing a GUI for thin film characterization
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Abstract. An article describing the methodology, workflow, creation and methods of a Graphic User Interface
(GUI) that facilitates the characterization of thin films, using the Alpha Energy Loss method. This GUI was
created in Python, using the Tkinter library. The calculations are based on the procedures used by the NUC-RIA
team to obtain the thickness of a film, and are shown in this article. Simple algorithms were developed to detect
the peaks of the energy loss data and will likewise be addressed.
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1 Introduction

The one thing all fundamental nuclear reaction studies and
production of radioactive beams have in common is that
they require a target. These thin films are made from the
required material with their thickness range from a few
nanometers to micrometers depending on the technical re-
quirements of the experiment.

1.1 Characterization of Thin Films

A very important aspect of the production of the targets is
that their thickness need to be properly assessed. There
are a few procedure available for the estimation of the
thickness for films. One is the Rutherford Back-Scattering
(RBS) method, another, and the focus of this work, is the
Alpha Energy Loss (AEL) method [[1]. With AEL, the
thickness of a thin film is estimated by calculating the ki-
netic energy of the particles with a thin film between the
detector and the radiation source, and comparing it with
the kinetic energy of the decay chain reaction in a vacuum.
The alpha particles will loose kinetic energy as they pass
through the film, resulting in measurable energy loss. This
relation can be approximated by the following equation,
known as the stopping power:
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Different stopping power values for various materials
over an energy range from 1 keV to 1 GeV of alpha parti-
cles are available in the NIST ASTAR database [2]]. Since
the values in use are discrete, an approximate equation []
as a sum with an integration step is applied, as following:
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Where 6F = Ey.1 — Ey.

This last approximation allows the calculation of the
thickness of a given film using the AEL method, which
is a non destructive, inexpensive method of thickness es-
timation. As such, this is the method chosen to calculate
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the approximated thickness of the film, in the background
of the GUI, as equation |2|is very easily implemented in
code. A full description of the analysis performed by the
NUC-RIA group follows:

1. Plot the experimental data for the calibration run
(the trial with no thin film) and find the peaks in
the graph, that correspond to the energy of the alpha
particles in the decay chain.
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Figure 1. Plot representing the decay reaction of Uranium-232,
in a calibration run.

2. Relate the energy values of the element’s decay
chain with the channels of the peaks, in a linear re-
gression. The result will be used to calibrate the runs
with a thin film.

3. Repeat the step for the experimental data of a run
with a thin film. Search for the peaks, and calibrate
them with the linear regression.

4. Establish a range that results from the energy val-
ues of the calibrated channels to the element’s decay
chain, for each peak. The results will yield a range,
that contain the starting and finishing values of the
sum in equation 2]



5. Repeat the process for every peak the user deems fit.
Average all the values obtained from the previous
step. The final result is the approximation to the
thickness of the film.

1.2 Motivation for a Graphic User Interface

While the necessary calculations to derive an approximate
thickness are straightforward, the overall process is stren-
uous and time-consuming. In particular, obtaining the cor-
rect channels with the highest counts and the correspond-
ing Stopping Power range, prove to be the most downbeat
steps. Therefore, a GUI that characterizes thin films by
the AEL method must perform these tasks swiftly and op-
timally, as well as keep most of the remainder calculations
in background. In this fashion, user errors during analy-
sis are minimized, while the user needs to retains a certain
degree of control over the parameters. Therefore, the pro-
gram should possess:

¢ An internal database of the stopping powers for various
materials, as well as the values of the radiation sources
in use.

e Algorithms that in an automatic or semi-automatically
fashion detect the correct channels for the calculations.

e Algorithms that perform linear regressions, as well as
equation [2]for different units.

Since an automatic analysis can be prone to various
errors (i.e. wrong identification of peaks), a balance be-
tween user input and the background calculations must be
achieved. Besides the selection of the databases and the
management of the original data files, the user should have
power over which values to consider for a linear regres-
sion, as well as which of these are used to calibrate a trial
with a thin film.

2 ARC-TF

Keeping all these factors in consideration, a program,
ARC-TF or, Alpha energy loss and Rutherford back-
scattering for Characterization of Thin Films, was de-
signed in Python 3.9, with the non-native libraries of Pil-
low and Matplotlib and the native libraries of Tkinter,
Webbrowser, Math, OS, Shutill and Ctypes. It also in-
cludes the energy values of two radiation sources the group
uses, Uranium-232 and Radium-226, as well as the stop-
ping power values, ranging from 4 MeV to 8 MeV, of the
materials Aluminum, Gold, Lead, PMMA, and Tin, as a
native database.

2.1 Algorithms

ARC-TF contains 4 major algorithms with three different
functions:

1. Two different algorithms that search for the chan-
nels with most counts in a spectrum. These are the
Threshold Input Algorithm and the Manual Selec-
tion Algorithm.
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2. An algorithm that performs a linear regression and
calculates the uncertainty for the intersect and the
slope.

3. An algorithm that takes in all the information from
the previous algorithms, and calculates the approxi-
mate thickness of the film, using equation 2]

These algorithms will be explained in depth in the fol-
lowing sections.

2.1.1 Threshold Input Algorithm

This algorithm detects the various local channels with the
highest counts. After uploading the experimental results
from the detector, the user can input a threshold value.
With this value, the program will only read the experimen-
tal results above this value, and ignore all the remainder.
An example of how the algorithm treats the data follows:
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Figure 2. Plot demonstrating how the Threshold Input Algo-
rithm views the uploaded data.

In Figure[2] after the separation of the counts, the pro-
gram will then detect the maximum of each curve. How-
ever this causes two problems: Firstly, the algorithm will
treat the low energy noise as a peak and consider certain
channels as values of interest. Secondly, some of these
curves will contain a few points that might fall below the
threshold, probably due to systematic errors. These prob-
lems become especially clear when compared with Figure
[

The solution implemented for both problems is the
same: Two variables that mitigate the effects. The first
will only take into account values beyond a certain chan-
nel. This will solve the low energy noise points that would
be detected. The variable is configured within the code
with the value of Channel = 100. As for the other vari-
able, if the algorithm registers two points whose channels
differ only by a value of a certain amount, Channely, —
Channel;, < 35, it will only keep the one with most counts.
Both of these values can be altered in the Settings Menu
of the program, and their function is to keep the algorithm
more exact, in order to minimize the intervention of the
user.



After the peaks are detected, the program stores the
Counts and the Channels of the points in a temporary file.

2.1.2 Manual Selection Algorithm

This algorithm, like the one before it, detects the various
points. However, unlike the Threshold Input, there is no
input value from the user and it does not necessarily de-
tect local maximums. Instead, the user can simply right
click with his mouse on the graphic, to detect the nearest
points. This means that the user has freedom to select the
maximum values, but also other points. The algorithm is
simple, only using a least square difference to check which
points to save in a temporary file:

Point = min ( \/(yk - M,)? + (x — Mx)z) 3)

Where y; and x; are the experimental values, correspond-
ing to the counts and channel from k = lupto k = n
respectively. M, and M, are the counts and channels the
user clicked on. The algorithm then configures any point
to a temporary file, treating it as a local maximum. It is
a semi-automatic algorithm that can be used in junction
with the Threshold Input Algorithm interchangeably. The
exactness of the values depends only on where the user
clicks.

2.1.3 The Linear Regression Algorithm

This algorithm performs a simple linear regression. It is
included in the article simply to showcase the nature of the
linear regression method, and how the uncertainty of the
parameters are calculated. It starts by sorting the results of
the channels detected by the previous two algorithms and
the values of decay energy of the radiation source. This
does not create any error for the linear regression since the
values have an ascending order. In fact, since the user can
acquire the channels of the spectrum in any order, it is an
imperative step to perform. After this step, the equations
for the slope (m), and intersect (), follow:
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Where y; are the values of the decay energy of the al-
pha particles source and x; are the channels detected. Be-
cause there is no method in the program that calculates the
uncertainty of the channels from the experimental results,
the uncertainty of the slope and intersect are acquired from
the following equations:
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Where o comes from the following equation:
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o2 = oieo (Yx — mxy — b) ®)
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The procedure for calculating the uncertainty, until a
method to obtain the uncertainty of the experimental data
itself is implemented, remains in a generalized form. This
has the consequence of a larger uncertainty, but suffices for
preliminary results, and an initial version of ARC-TF.

2.1.4 The Thickness Approximation Algorithm

The final calculation receives data from the previous algo-
rithms and condenses it for equation 2]

The algorithm needs to apply the calibration, using
the linear regression results, to the channels of the spec-
trum with a thin film. Due to the nature of the exper-
imental setup of the Alpha Energy Loss, it is necessary
to change the vacuum chamber. This might uncalibrate
the setup. For precaution, new calibration runs were per-
formed. Should the linear regression deviate significantly
from the original calibration, it indicates that the experi-
mental data might not be exact. However, if the deviation
is neglectable, the user has the option to select both, (or
more), linear regressions from the different trials. For the
algorithm, this is possible for any number of calibration
trials the user wishes to select. The algorithm averages all
the linear regression values, and applies the final results
to the channels detected by the first two algorithms on the
spectrum of the thin film.

The next step consists on finding the stopping power
range, that will be used in equation 2} For this, the pro-
gram checks the decay energies used in the first calibration
trial the user has selected for the linear regressions. It will
only consider the energy values of this calibration trial.
These values become Ej of equation [2} while the chan-
nels, after the linear regression is applied to them, become
Ej with k = 1. With this range, equation [2]is computed,
and with the internal database of a few materials, an ap-
proximate thickness is calculated. This is done for every
channel corresponding to a peak. After this step, an av-
erage of the thickness is obtained, while its uncertainty is
computed using the following equation:

o
Vn -1

Where n corresponds to the number of thicknesses calcu-
lated and o to the standard deviation of the samples.
The results are then presented in the selected units.
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3 Workflow

The program has three types of tabs: two analysis tabs,
Calibration Tab and the Material Tab and the Final Results
Tab. The analysis tabs, process the data and calculate lin-
ear regressions and the thicknesses of thin films. The user
can create and delete these two types of tabs freely, unlike
the Final Results Tab, which is special, as it can not be
deleted and exhibits all the results calculated by the analy-
sis tabs. An image detailing the schematic of the workflow
is presented.



ARC-TF Workflow Schematic
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Figure 3. Depiction the workflow of ARC-TF.

3.1 Calibration Tab

The program automatically starts with one calibration tab
open. However, the user has the option to open more cal-
ibration tabs. Here, the user can click the File button on
the menu bar, and click the first option to upload the ex-
perimental data that is saved in the computer. ARC-TF
will automatically plot this data and show it embedded in
the GUI. From here, the user can detect the peaks, select-
ing the analysis algorithms first, up to a maximum of 15
values. The corresponding channels and counts will ap-
pear on screen at the top right corner. The user can re-
set all these values, or uncheck a selection of them. If
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unchecked, the user needs to clear these values. Follow-
ing this analysis, the user can select the radiation source.
Once again, the user has the possibility to check/uncheck
the energy values that the interface will use for the both the
linear regression, and the final energy step from equation
2] The program will only perform the linear regression if

Radiation Source Selected:

226Ra —

v 7.68682 MeV

Analysis Method Selected:

Thresheld Input  —

Please input Threshold:

M 600255 MeV 30

W 543095 MeV Search | Remove Unchecked ‘ Remove All |

¥ 530433 MeV [ Channel: 1068 Counts: 268

I 47843 MeV ¥ Channel: 1134 Counts: 93

[ 4801 MeV ¥ Channek: 1225 Counts: 118
Show Decay Chain | Linear Regression ¥ Channel: 1339 Counts: 124

(MeV)  Values  Uncertainty ¥ Channel: 1717
Slope  0.0044715 0.0000061
Intersect  0.0110 0.0081

Clear Regression

Counts: 96

Figure 4. Results of the Calibration Tab, after selecting the val-
ues of energy to use, and analyzing the experimental data.

the number of the checked energy values match the num-
ber of peaks detected and checked. After thees values are
confirmed, the user can perform a linear regression. The
results will appear in the calibration trial, and in the final
results tab.

3.2 Material Tab

The user can open a material tab at any step of the analysis
process. The first few steps, as seen in figure [3] are equal
to the calibration tab. The user uploads the data, detects
the peaks using the analysis algorithms. Here, the user
also needs to make an appropriate selection of the chan-
nels intended for use. It is important that the user selects
the peaks such that they match the ones selected in the cal-
ibration trial. Following this step, the user can then select
the material of the thin film. Afterwards, all that is left
is to choose one, or more, calibration trials. The program
will only use the energy from the radiation sources of the
first calibration trial. This is why the the choice of peaks
is of great importance. Finally, the user can calculate the
thickness by clicking the button (see figure[5). The results
will appear below the button, and in the final results tab.

3.3 Other Features

Besides the various tools explained previously, ARC-TF
also has a few other features that facilitate the analysis.
The program has the option to delete the various instances
of data, so the user can restart the analysis from a specific
point. Likewise, the user can clear the entire data from
a tab. The GUI has a settings menu, where the user can
select the units to use. These vary for the units of the lin-
ear regression, which can be in keV or MeV, and for the



Material of Film Used:

Au —

Choose the Calibration Regression
Make sure the Peaks in the Calibration match the Peaks feund for this trial

Calibration Trial Calculate Thickness

Thickness (nm) Channel
218.16 1045
210.97 1163
166.18 1209
245.50 1317
141.83 1705
Average Thickness (nm) Uncertainty (nm)
197 42

Reset Results

Figure 5. Results of the Material type, after selecting the Linear
Regression, material and analyzing the data.

units of thickness, which can be in: nm, um, pug cm=2 or

10" atoms cm™2. These options can be applied to the en-
tire program, or to a specific tab. This makes analysis for
various thin films of different orders of magnitude possi-
ble. Furthermore, the user can create and delete tabs and
add or remove material or radiation source files from the
database. For the calibration trial, there is also the option
for viewing an image detailing the the decay reaction of
the selected radiation source. More images can be added
or removed by the user. Besides these features, there is
also an About button, which will direct the user to the
GitHub repository of the GUL

3.4 Limitations

ARC-TF is intended to be a simple and effective analysis
tool, but naturally, a few limitations were considered. As
of the publication of this article ARC-TF works only for
Windows.

The program only reads MCA domain files when the
user uploads the file that has the experimental data. Fur-
thermore, the program expects that the experimental val-
ues start only at line 13. In case of the files of the database,
it will only read TXT domain files. In case of the materi-
als database, the file must have the relative atomic mass
in the first line, followed by "|" and then, the density plus
another "|". For the remaining lines, the TXT file must be
organized with the energy value followed by "|", the cor-
responding stopping power, and another "|". In case of the
radiation sources, the values need to be written in descend-
ing order of the values in MeV.

The Graphic User Interface was designed to work
for any given range of energies. However, the built-in
database has the stopping powers corresponding to the en-
ergy range of 4 MeV to 8 MeV. This interval was chosen
due to the energy of the radiation sources the NUC-RIA
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utilizes for their experiments. The incrementation of the
range corresponds to 1 keV, as this is the lowest incremen-
tation available in the ASTAR database from NIST. The

program includes the stopping powers for the materials of
Aluminium, Gold, Lead, PMMA and Tin.

For the radiation sources of alpha particles, ARC-TF
has the the values of Radium-226 and Uranium-232 in
MeV. In both the material and radiation sources, it is pos-
sible to add new files externally to ARC-TF’s file folder,
or internally.

4 Conclusions and the future of ARC-TF

A mixture of physics knowledge and programming re-
search, ARC-TF is the product that attempts to simplify
the analysis of thin films characterized by the Alpha En-
ergy Loss method. The product aims to be simple, fast,
complete and structured, and as of the latest push in the
repository, is fully functional to analyze thin films. This
was a result of a summer internship at LIP, where I had first
contact with the Python programming language and basic
information on the production of thin films as well as nu-
clear physics. As for the future of ARC-TF, the first major
step would be to make compatible versions for MAC and
Linux. In case of additional features, although the Ruther-
ford back-scattering is included in the name, there is not,
as of yet, a way to analyze thin films with this method
in the program. Besides this implementation, other fea-
tures like AlfaMC, a simulation tool for predicting the Al-
pha Energy Loss spectrums, by Peralta, L., Louro, A., [3],
and machine learning algorithms can and should be im-
plemented to make this a powerful tool for analysis of thin
films in various laboratories. ARC-TF is available here.
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