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In this research, MgF2 and SiO: thin films were prepared by the magnetron sputtering method on glass
and ITO substrates. The crystal structure, morphology, and antireflection performance of the coatings
were characterized using X-ray diffraction (XRD), field emission scanning electron microscopy
(FESEM), and ultraviolet spectrophotometry (UV-vis) techniques, respectively. Furthermore, by
utilizing both experimental characterization and optical film design tools, the best experimental
parameters for every coating were identified. FESEM images confirmed proper growth of the layers
on the substrates. EDAX analysis revealed that the manufactured layer consisted of Magnesium
fluoride and silica. The study of optical properties demonstrated that the average transmission in the
400-1000 nanometer range exceeded 99%, indicating good agreement with theoretical results.

Furthermore, the use of ITO as the substrate reduced the bandgap.

1. Introduction

Antireflective coatings are used in various optical
instruments, such as telescopes, lasers, display screens,
solar cells, military equipment, and etc. The reduction of
reflected light improves the performance of these
instruments [1, 2]. The amount of light reflected from the
surface of an object depends on its refractive index. To
minimize reflection, the refractive index of the surface
should as close as possible to the refractive index of air [3].
Among different materials, Silica with a refractive index of
1.45, Aluminum with a refractive index of 1.65, and Titania
with a refractive index of 2.3 are most commonly used. It
should be noted that Magnesium Fluoride also has a
refractive index of 1.37 but is not widely used [4]. The
number of coating layers is an effective factor in building
antireflective films. Antireflection coatings can be made in
single-layer, double-layer, and multi-layer form. Single-
layer coatings, with a thickness of one-fourth of the
wavelength of the incident light, are the most commonly
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used anti-reflective coatings in solar cells. Since single layer
coatings are non-reflective only at a single wavelength,
various attempts for antireflection coatings improvementin
the formation of multilayer thin films have been carried out.
Two-layer and multi-layer coatings are used for wider
wavelengths to address issues such as increased light
transmission. Two-layer coatings exhibit a V-shaped
transmission curve, and the thickness of each layer can be
one-fourth or half of the incident light's wavelength. These
coatings can achieve to 99% light transmission [5]. Two-
layer and multi-layer coatings can either use one material
with different structures for each layer or employ different
materials. For example, SiOz and ZrOz two-layer coatings
reduce the refractive index across a wider range of
wavelengths [6]. Additionally, TiOz single-layer, SiOz/TiO-
two-layer, and SiO2/Si02-TiO2/TiOz multi-layer coatings
have been successfully applied through a spinning process
on single-crystal solar cells [7].

Magnesium Fluoride with the chemical formula MgF: is
a chemical compound with 62. 3018g/mol molar mass. The
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crystal structure of MgF2 is tetragonal. The SiOz chemical
formula of silica is a chemical compound with 61.1 g/mol
molar mass and a tetrahedral structure. Xin du et al.
reported the hydrophilic three-layer silica antireflective
coating mentioned above was built to create anti-fog
characteristics and reached 98% transmission [8]. Remache
etal. built a silica antireflective coating on a silicon solar cell;
this coating resulted in a 9-percent increase in that solar
cell’s productivity [9]. Magnesium Fluoride and Silica can be
deposited through various methods including sputtering
[10], pulsed laser deposition [11], chemical vapor
deposition [12], chemical bath deposition [13],
photochemical deposition [14], pulsed electrochemical
deposition [15], and electron gun [16, 17]. These methods
are used to create dense and porous coatings [18]. Radio
Frequency (RF) magnetron sputtering is considered as one
of the best methods for preparing thin films. This method
offers the possibility of controlling the growth conditions of
layers, ensuring homogeneous and uniform deposition.
Additionally, since the coating is performed in a plasma
environment, it effectively cleans and roughens the surface
of the substrate, enhancing adhesion. In preparing films by
RF magnetron sputtering technique, some parameters are
to be controlled. One of them is the type of substrate, which
may affect the optical properties of the films. The present
study aimed at investigating the structural, morphological,
and optical properties of MgF2/SiOz thin films prepared on
different substrates. The reason for choosing MgF» and SiO2
in this research is the right refractive index to pass in the
visible spectrum and the choice of sputtering method due to
the increase in adhesion and uniformity of the layers. The
innovation of this article is that we were able to make a
multi-layer antireflection coating with the use of this two-
material material, with an optical transmittance of up to
99%. The main goal of this article is to design and
manufacture a multi-layer antireflection coating with an
optical transmittance of over 99%. Also, one of the other
goals of this article is that the built coating has a good match
with the designed coating. This coating may be used on solar
cells in the future to increase sunlight.

2. Experimental

In this research, the coating of a four-layer structure
(Si02  (85nm)/MgF:  (150nm)/SiOz  (70nm)/MgF:
(200nm)) was prepared using RF magnetron sputtering.
The sputtering system used was the Yarnikan Saleh MS
model. The coating was applied to ITO and glass substrates.
The SiO2 and MgF: thin films were deposited using an RF
magnetron sputtering process with MgF» and SiO: targets
measuring 3 inches in diameter and 3 mm in thickness. The
targets have 99.99% purity. Before Ar gas was injected, the
chamber was first vacuumed to a pressure of 106 mbar.
The working pressure was set at 0.7 Pa, and the RF power
was kept constant at 95 Watts throughout the procedure. A
schematic of how the layers are placed and their thickness
is shown in Figure 1.

Si0, (85nm)

substrate

Fig. 1. A schematic of how the layers are placed and their thickness.

2.1.Characterization

Field emission scanning electron microscope FE-SEM
(model Sigma 300 manufactured by ZEISS, Germany) was
used to determine the thickness of layers and EDS analysis.
Structural properties of the specimens were studied by X-
ray diffraction (Bruker model D8 Advance, Germany) with
quipped with Cu ka radiation source with A= 1.54064,
acceleration voltage of 40 kV, and electron current of 40
mA. Transmittans spectra were measured by a
spectrometer (Perkin-Elmer Lambda750, USA) equipped
with an integrating sphere.

3. Results and discussion

3.1.Morphological Properties

Fig. 2 (a) shows the cross-sectional FESEM images of
magnesium fluoride and silica coatings for glass substrate.
In this image, four layers of coverage can be seen. These
images were analyzed using a digimizer software. In this
research, the thickness of the layers was determined in the
optimal state using Macleod software and the simplex
method (85/150/70/200nm). The images show that the
thickness of the first and the third layer (MgF2) is 134 and
120.3 nm, respectively, and the thickness of the second and
the fourth layer (SiO2) is 79.3 and 68.36 nm, respectively.
Figure 2 (b) shows the FESEM of the surfaces of the
samples. This picture shows that the films have good
surface properties. The roughness in the final layer can be
attributed to the tension between the layers, especially the
final layer, as well as the roughness on the substrate
surface. In new research, anti-reflection coatings have been
designed using two-layer and multi-layer models.

Energy-dispersive spectroscopy (EDS) was used to
analyze the mass fraction of materials within the layers.
Figure 3 illustrates the EDS results for the multilayer
antireflection coatings. The analysis revealed that the layer
consists of magnesium fluoride and silica. Figure 4 displays
the distribution of elements across the coating, and Table 1
presents the mass fraction and atomic percent values for
Mg, F, Si, and O. The mass percentages are approximately:
Mg (8.14%), F (26.44%), Si (10.87%), and O (24.89%). The
observed inconsistency in the total mass fraction
(Mg+F+Si+0=70.34%) can be attributed to the presence of
pollution in the device environment and carbon on the
sample's surface during the calculation. The high
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percentage of indium in this compound may be due to
contamination from the coating machine.

100 nm EHT= 5004V Signal A= SE2 Date :25 Oct 2021 100 nm EHT= 500KV Signal A= InLens Date :25 Oct 2021
H WD= 80mm Mag= 100.00K X Time :13.06:54 — WD= 7.6 mm Mag= 12000K X Time :10:58:39

Fig. 2. FESEM (a) cross-section and (b) surface images of the quadruple-layer MgF: and SiO2 coating on glass substrate.

[l Map Sum Spectrum

Fig. 3. EDS spectrum of the prepared sample with the quadruple-layer coating.

Table 1. Mass fraction and atomic percent of the prepared coatings.
Map Sum Spectrum

Element Line Type Weight % Weight % Sigma Atomic %
0 K series 24.89 0.28 36.19
F K series 26.44 0.28 32.38
Mg K series 8.14 0.09 7.79
Si K series 10.87 0.10 9.00
In K series 18.13 0.20 3.67
Na K series 1.79 0.06 1.81
Ca K series 1.55 0.07 0.90
Mo K series 2.90 0.16 0.70
Sn K series 1.46 0.21 0.29
C K series 3.68 0.36 7.13
Al K series 0.16 0.03 0.13

Total 100.00 100.00
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Fig. 4. Map image of the surface of the coating.

3.2.Structural Properties

The XRD analysis method is used to determine the
properties of a crystalline structure, such as the geometry
and structure of the lattice, crystal phase determination,
crystallite size determination, strain analysis, and lattice
deficiencies. In this method, extremely powerful x-rays are
used to study the crystallographic direction. The basis of
this method is Bragg's equation, where A represents the
wavelength, 0 represents the angle of incidence, and d
represents the distance between the two layers [19, 20].

2dsin6=nA (1

The XRD pattern of MgF2 and SiO: thin films is
presented in Figure 5. MgF2 has one crystalline structure
lattice, which is tetragonal. SiOz is amorphous by nature,
and its lattice structure is formless.
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Fig. 5. XRD pattern on the prepared samples in the presence of ITO and
glass.
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3.3.0ptical Properties

The multilayer anti-reflection coating was designed
using the Macleod software and optimized through
multiple stages using the Simplex method [21]. This
software optimizes the thicknesses of layers to achieve
optimal transmission, reflection, and absorption
properties. In this design, MgF2 and SiO2 were chosen as
anti-reflection coating and Glass was chosen as the
substrate. The optical transmission spectrum of raw glass
and ITO substrates is shown in Figure 6. The results show
that the maximum optical transmittance of the glass
substrate is about 95% and the maximum optical
transmittance of the ITO substrate is about 94%. Figure 7
(a) shows the theoretical and experimental optical
transmission spectrum in the range of 200 to 1000 nm. The
theoretical and experimental graphs reveal that with the
deposition of the MgF2 and SiO: anti-reflection coating, the
maximum transmission reaches 99%, demonstrating a
strong correlation between the theoretical and
experimental results. Korkmaz et al. analyzed the incident
and transmission spectra of the MgF; thin-film created
using the Thermionic Vacuum Arc (TVA) method [22]. They
showed that the MgF: reflection was significantly low.
Optical transmission through samples coated with MgF-
was higher than those without coating-

The bandgap of thin layers can be analyzed using the
absorption coefficient (a) through the Tauc equation [23-
25].

ahv=A(hv — E;)™ 2)
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Where A is a constant dependent on the effective
masses of electron and hole, and material refractive index,
h is the Planck's constant, and m equals 2 for direct
transition and corresponds to 0.5 for indirect transition
materials [26]. Fig. 7 demonstrates the graph of (ahv)?
against photon energy (hv) for all the samples. The band
gap energy (Eg) values, obtained by extrapolating the linear

1040
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portion of the curves to x axis (ahv = 0) [27, 28]. The results
of spectroscopy and bandgap showed that the ITO
substrate can affect the bandgap and reduce the bandgap.
By changing the substrate from glass to ITO, the band gap
decreases from 3.89 to 3.27 eV.
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Fig. 6. The optical transmission spectrum of raw glass and ITO substrates.
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Fig. 7. (a) Theoretical and experimental transmission graphs (b) Plots of (ahv)?vs. photon energy (hv) for ITO and glass samples.

4. Conclusion

In this research, MgF: and SiOz were deposited on
different substrates (ITO and glass) through the RF
magnetron sputtering method to create an anti-reflective
coating. The results of FESEM analysis showed that four

layers have grown uniformly. Also, the image of the sample
surface showed that the surface of the samples is smooth
and their roughness is low. X-ray diffraction results showed
that the samples were amorphous. Additionally, evaluating
the optical properties of the samples showed that optical
transmission reached more than 99 percent, and the
bandgap was reduced when ITO was used as a substrate.
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Therefore, the utilization of these materials to create anti-
reflective coatings and solar panels can be highly effective.
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