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Abstract
The interactions between the ion beam and matter are extremely intricate processes that involve a wide range of phenomena. The optical
parameters for Zinc Sulfide NPs such as absorption as function of Aluminum content measured used UV spectrometer. The energy losses,
projected range of zinc sulfide, doped by aluminum were modelled in this work using the SRIM code 2013. The energy loss values, as well as the
range of hydrogen ions in the samples, were found was between 1.7 and 3.1eV used to implant the samples. The results show that the energy
loss and projected range of ions in the materials may be utilized to calculate the optical properties. The acquired results were compared to
experimental data. Calculation specifics are provided and explained.
Keywords: Optical properties; Absorption; Energy loss; Projected range

\ J

Introduction

The goal of this study is to utilize the SRIM code to simulate the
optical characteristics of ZnS thin films doped with Al at various
concentrations and compare them to experimental data. Charged
particles are often classified as light or heavy [1]. The comparison
of theoretical and experimental data will be the emphasis of this
investigation. Protons’ interactions with matter are classified into
three types: protons-electrons, protons-nuclei, and protons-at-
oms. Because their rest mass is larger than that of an electron,
most protons travel in a nearly straight path. In this work, howev-
er, proton interaction mechanism factors such as energy loss and
predicted range are employed to determine absorption for the
selected materials. Three separate impact particle energy regions
influence the loss of energy by protons in materials [2].

Furthermore, protons often lose energy in matter due to
coulomb forces. As a result, this investigation will be confined to
scenarios when the incident proton’s energy ranges from 0.002
to 0.004eV. The stopping power (S) of protons is an incredibly
essential quantity in this region of interest for studies of nuclear
energy loss and atomic physics. Several recent investigations have
centered on the estimates of energy loss, stopping power, and pro-
ton range in matter [3]. Furthermore, significant improvement has
been achieved in heavy ion stopping power measurements [4].
Many studies studied and reported on the heavier ions and the
proton theory of stopping power [4,5].

The SRIM function conveniently evaluates and calculates the

stopping power (S) and range (R) tables [6]. The SRIM code is
a Monte-Carlo simulation that tracks ion transport in the target
(specifically, the stopping (S) and range (R) of ions (I) in mat-
ter (M). The energy loss or physically similar characteristics are
available elsewhere [4-6]. There is limited information in the lit-
erature on the interaction of protons with Al doped ZnS placed
on soda-lime glass [7]. As a result, more research is required to
compute the optical properties of the elements of interest, such as
absorption, transmittance, and band gap energy. As a result, mod-
eling of electrical stopping powers and element ranges is signifi-
cant not only theoretically but also in numerous applications. The
transparent semiconducting ZnS is well-known; it is an n-type,
wide-band gap (3.7eV) semiconductor [7]. Because of these char-
acteristics, ZnS films are useful for a wide range of applications
[8, 9]. However, various research on ZnS thin film deposition has
been conducted [9]. The deposition of ZnS thin films on substrates
has several uses. One of the most significant flexible substrates is
soda-lime glass [10,11].

To deposit ZnS films with specific qualities and good adhe-
sion on soda lime substrates, a thorough investigation of the films’
stopping power, energy loss, and range properties is required.
The methods utilized to produce ZnS thin films on substrates de-
scribed in the literature include RF sputtering [12], evaporation
[13], spray pyrolysis [14], ion beam deposition [15], and pulse la-
ser deposition [16].
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Materials and Methods
Samples preparations

ZnS were produced on glass substrates using the pulsed laser
deposition technique. Sigma-Aldrich Company supplied high qual-
ity ZnS (99.99% percent) in the form of tablets, which was utilized
as an evaporation source material in a molybdenum boat. Before
deposition, the glass substrates were cleaned in an ultrasonic
bath with deionized water, acetone, and ethanol for 20 minutes
and dried with purified nitrogen gas. The average evaporation

rate was kept constant at 2 A/s. The chamber pressure was kept
at 105 tor. The thin layer was deposited at ambient temperature.
The evaporation source was 30 cm away from the glass substrate.

The optical properties for ZnS nanostructures were investigat-
ed using UV-VIS spectrometer in the range of visible wavelength.
The results of absorption spectra for the samples 0%, 4% and
8% as a function of aluminum content shown in figures 1-3 re-
spectively. A good agreement founded with published data for the
same materials.
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Figure 1: Absorption spectrum for ZnS: Al 0% (experiment and simulation).
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Figure 2: Absorption spectrum for ZnS: Al 4% (experiment and simulation).
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Figure 3: Absorption spectrum for ZnS: Al 8% (experiment and simulation).
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Computational methods 1 0
A= log10 — (2)
The SRIM-2013 computer code was used to calculate the elec- 1

tronic and nuclear stopping powers, as well as the range of ion
beams with energies ranging of visible range from 1.7 to 3.1eV,
on ZnS thin and Al doped ZnS thin. For samples, simulations were
carried out utilizing thorough calculations and complete damage
cascades investigation.

The value of the intensity was calculated by the formula in
equation (1) [17]:
/4
7-”‘
1= IOte 1)

Where, I is the intensity of the ions beam emitted from the
samples, 10 is initial intensity of the beam, Q is energy losses for the
ions obtained from SRIM represented as dE/dx, A is wavelength, r
is range of the ion in sample obtained from the SRIM data known
as projected range. The intensity of light passing through the sam-
ple is measured for each wavelength of light travelling through
the sample. This is sometimes referred to as 10, which stands for
Intensity. The intensity of light flowing through the sample is also
measured for that wavelength, which is represented by the sign 1.
If I is smaller than 10, the sample has certainly absorbed part of
the light.

A simple amount of arithmetic is then performed on the com-
puter to transform this into the absorbance of the sample, denoted
by the symbol A.

The connection between A (the absorbance) and the two
intensities is provided for reasons related to the form of the
Beer-Lambert Law (below).

The diagram of the absorption for the films depicted in figures
1-3 the absorption behavior for the ZnS thin film shown the same
as well as an increase in the Al content.

Results and Discussion
Absorption

The absorption spectra for all the samples 0%,4% and 8% of
Aluminum doped ZnS shown in figures blew drawn according to
the attenuation of the energy of the ions when it passes through
the samples, use the values of the energy losses as main factor for
the equation of the Beer-Lambert Law (2) represent the attenua-
tion coefficient.

For the experimental results the absorption coefficient de-
creased when the frequency of the incident ion beam became
higher. Moreover, the simulation results for the same samples
show the same pattern for decrees of the absorption spectrum. By
comparing the spectra for Al doped ZnS thin film for all samples,
the fit for the curve have been done (green curve) to produce per-
fect match with experimental curve for each sample. However, the
SRIM code on a computer is highly valuable computational soft-
ware that may help researchers gain additional data regarding ion
implantation and material science.

Conclusion

SRIM code is used to compute the stopping power and range
of protons in Al doped ZnS placed on soda lime. It was discovered
that the absorption and wide gap of Al doped ZnS are highly de-
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pendent on Al concentrations. The examination of stopping pow-
er is critical to evaluate the detailed absorption of ion beams in
matter. Because doping materials need costly experimental obser-
vations, precise data for numerical simulations is required. When
the two spectra are compared, there is extremely good agreement
between the experimental and theoretical. The current results of
energy loss and range for these materials at energies ranging from
1.7 to 3.7eV might be relevant in studying physical properties with
the effects of multiple ions on materials.
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