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MgO Nanostructured thin films with different thicknesses (200, 400, and 600 nm) have been deposited by the chemical spray
pyrolysis technique. The results confirm that the structure, morphology, optical, and electrical properties were all affected by the
thickness of the film. MgO films' physical properties were examined using (XRD), (FE-SEM), (EDX), (AFM), (UV-Vis
spectrophotometer), and the Hall Effect. According to the structural analysis, the films have a cubic magnesium oxide polycrystalline
structure, with a preferred orientation (002). The average Crystalline Size and optical band gap are found in the range (20.79-18.99)
nm and (3.439-3.162) eV respectively with an increase in thickness. The surface morphology of the films reveals that they are free of
crystal defects such as holes and voids, as well as homogeneous and uniform. The EDS patterns show that the as-grown films contain
magnesium and oxygen. The Hall Effect shows that electrical conductivity decreases with thickness. The experimental results show
that film thickness influences the physical properties of as-grown MgO thin films and that thicker films can be used as an absorber
layer in solar cell applications.
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1. INTRODUCTION

Magnesium oxide, which has good electronic, optical, magnetic, electrical, thermodynamic, and mechanical
properties, is one of the most intriguing and promising materials in the family of metal oxides [1,2]. MgO is a scientific
and industrial substance. It is a crystalline highly ionic insulator that is stable at high temperatures. Magnesium oxide
thin films have drawn a lot of interest because of their numerous applications. Because of their high transparency, good
protection qualities against ion bombardment, and high durability, they’re commonly used as a protective layer for
AC-plasma display panels [3,4]. MgO also has a wide band gap and a low refractive index, allowing it to be used in a
variety of ferroelectric superconducting and ferroelectric thin film materials and buffer layers, as well as interlayers in
the structure of magnetic memory device [5,6,7,8,9]. MgO thin films have also been used as buffer layers for
superconducting and ferroelectric thin films as well as interlayers with a magnetic memory device structure. MgO has a
wide range of applications, including adsorption, reflecting and antireflecting coatings, electronics, fire retardants,
ceramics, catalysis, chemical, toxic waste management [10,11], solar cells, laser diodes, and many other high-tech
applications [12,13]. Many researchers prepared magnesium oxide films using physical and chemical methods
according to the specific application of each method, such as chemical spray pyrolysis [14], electron-beam [15], Pulsed
laser [16], Sol-gel [17], chemical vapor [18], and spin coating [19], etc. In the present work, we have tried to study the
effect of thickness on Some Physical Characterization of Nanostructured MgO Films on glass substrates by the
chemical spray pyrolysis technique.

2. EXPERIMENTAL PROCEDURES

(MgO) thin films with different thicknesses (200, 400, 600) nm were a fabrication by utilizing the chemical spray
pyrolysis technique, The magnesium chloride MgCl,-6H,O solution was prepared by dissolving it in deionized water
while stirring continuously. The substrates (glass) were thoroughly cleaned with ultrasonic and then washed with
distilled water and acetone. As the carrier gas, the air was used, and the solution was sprayed onto a heated substrate
using a nozzle. The nozzle's diameter was 0.3 mm. The nozzle was (30 cm) away from the heated substrate surface, and
the (1.5 bar) compressor and different thicknesses were obtained by changing the number of sprays in each experiment.

X-ray diffraction was used to determine the structural properties, field emission scanning electron microscopy and
atomic force microscopy were used to investigate the morphology of the thin films, a (UV-Vis) spectrophotometer was
used to measure the optical properties, and Hall effect measurement was used to determine the electrical properties.

3. RESULTS AND DISCUSSION
3.1. Structural and Morphological Characteristics
The XRD exam was carried out to investigate the crystal structure type of magnesium oxide MgO films. Figure 1.
shows the XRD patterns of MgO films deposited at different thicknesses (200, 400, and 600 nm) respectively. The
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detected characteristic peaks at (20= 36.88°, 42.85°, 62.21° and 78.51°) of planes (111) (002) (022) and (222) attributed
to the cubic magnesium oxide with space group (Fm-3m no. 225) [20,21], with (a=b=c= 4.2170 A°) and (0=p= 90°),
And matching it with the standard data (JCPDS 98-000-9863) [22]. The results revealed that with the increase of MgO
film thickness at (400 and 600 nm); the characteristic peaks of MgO became sharper and more intense [23].
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Figure 1. XRD of MgO films at Different Thicknesses.

The XRD Parameters of synthesized MgO nanoparticles was determined by Scherrer’s equation at different
thicknesses (200, 400, and 600 nm) to be (20.79, 19.83, and 18.99 nm) of the MgO nanoparticles respectively [24,25],
the crystalline size of a film decreases with increasing thickness. This is because as the thickness of the film increases,
the number of grain boundaries in the film increases, which reduces the average grain size [26, 27], this is because the
surface energy of the particle increases with decreasing size, which causes the lattice parameter to contract. The
magnitude of this contraction depends on the material and its surface energy [28]. Table (1) presents all synthesized
MgO films' obtained parameters from the XRD.

Table 1. XRD Parameters of MgO Films at Different Thickness

Thickness 20 20 FWHM  Crystalline duii (A) duii (A) (hkl)
(nm) Experimental  Standard (deg) Size (nm) Experimental  Standard
200 42.81 42.85 0.3557 20.79 2.1106 2.1085 (002)
400 42.91 42.85 0.3728 19.83 2.1059 2.1085 (002)
600 42.89 42.85 0.3892 18.99 2.1069 2.1085 (002)

The morphology of MgO film surfaces was investigated using (FE-SEM), which provides high-resolution and
magnification images of the surfaces. We observe that the surface structures of the prepared films are highly
agglomerated aggregates of dense quasi-spherical nanoparticles. and clearly show the voids, nonuniform particle sizes,
and irregular shapes in the MgO films. This is consistent with Boo J. H. et al. and Bian, J. M. et al. [29,30], As in Figure
(2). The thickness of MgO sheets has a significant impact on particle size. In theory, the atoms diffuse into MgO and
arrange themselves into larger particle sizes following deposition for various periods. When the thickness of MgO thin
films is raised, small particles coalesce with one another, The recrystallization of particles caused by the increase in
thickness encourages the reorientation of the overall microstructure [31,32].

Figure 2. (FE-SEM) of MgO and the cross-section at Different Thicknesses
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The Energy Dispersion X-ray Analysis (EDX) in Fig. (3) shows the presence of only the Mg and O. As shown in
Table 2. The Mg: O atomic ratio is equal to 0.767 : 1 for sample 1 (200nm), 0.707 : 1 for sample 2 (400nm), and
0.648 : 1 for sample 3 (600nm).
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Figure 3. EDX of MgO films at Different Thicknesses
Table 2. The Ratios of the Elements of MgO from EDX

200 nm 400 nm 600 nm
Element Weight % Atomic % Weight % Atomic % Weight % Atomic %
Mg 53.84 43.43 52.16 41.45 50.42 39.33
(¢} 46.16 56.57 48.84 58.55 49.58 60.67
Total 100 100 100 100 100 100

To recognize the surface characteristics and particle size distribution of prepared films in the current study, The
AFM is presented in Fig. (4) and Table 3.
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Figure 4. AFM images of MgO at different thicknesses
Table 3. Roughness and RMS of MgO Films at Different Thicknesses.
Thickness  Roughness Average RMS Particles Size ~ Surface Skewness  Surface Kurtosis Maximum
(nm) Sa (nm) (nm) (nm) (RsK) (nm) (Rku) (nm) Height Sz(nm)
200 4.541 5.139 10.970 0.138 1.884 24.77
400 4.231 5.423 10.231 0.327 3.884 27.99
600 3.194 3.833 9.191 0.580 2.493 35.41

The particle size grows with the thickness of the film and it was discovered to be uniformly distributed. Many
nucleation centers form on the substrate when deposition begins, resulting in the formation of small crystallites.
Because the films are only deposited for a short period of time, the small crystallites on the substrate cannot grow into
large crystallites, and thus the thinner films have smaller crystallites than the thicker films [33]. The crystallinity of the
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films is related to the surface roughness, which can be improved by increasing the film thickness. The larger crystallite
size and higher crystallinity of the films can lead to better electrical and optical properties. The surface roughness of
MgO films increases with increasing film thickness, which is due to the increased number of grain boundaries and
defects in the film. This can lead to increased scattering of light, resulting in a decrease in optical transmittance [34].
The crystallinity of the films improved as the film thickness increased, and the surface roughness of MgO films
increased [35], as shown in Fig. 5, This result is consistent with the thickness XRD observation.
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Figure 5. Average roughness and particle size with a thickness of MgO films

3.2. Optical Properties
When different thicknesses of MgO films are used during the preparation method, the optical behavior of MgO
films will change dramatically as a result of the new structural and morphological features. Increasing the thickness of a
material will generally decrease its optical transmittance. This is because thicker materials absorb more light, reducing
the amount of light that can pass through. Additionally, thicker materials are more likely to scatter light, further
reducing the amount of light that can pass through [36]. The MgO films' transmittance and reflectance spectra are
shown Fig. (6).
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Figure 6. Transmittance and Reflectance of MgO films

In the visible range, MgO thin films have high transmittance values. It can be used in solar cell devices as an
optical window. In general, the decrease in (T%) could be attributed to scattering effects, crystalline structure, and
surface homogeneity, as reported by [37,38]. Transmittance is a measure of how much light passes through a material.
The optical energy gap determines how much light can be transmitted through a material, as materials with larger gaps
tend to have higher transmittance values [39]. Reflectance is a measure of how much light is reflected off a surface,
while transmittance is a measure of how much light passes through a material. The optical energy gap affects both
reflectivity and transmittance, as materials with larger gaps tend to reflect more light and transmit less [40,41].

The absorption coefficients (o) of MgO films were calculated using the Lambert equation (1) [42]:

a=ln(%)/d. (1

where: (T) the transmittance, (d) film thickness.

Figure (7) shows the calculated absorption coefficient of MgO films. The highest absorption coefficient was
obtained for the films prepared with higher thickness than those prepared with less thickness.

The energy gap and particle size of the material are both affected by variations in thickness. As the thickness of a
material increases, the energy gap typically decreases, while the particle size increases. This is because thicker materials
have more electrons and therefore a larger number of states available for electrons to occupy. This reduces the energy
gap between the highest occupied molecular orbital and the lowest unoccupied molecular orbital, resulting in a decrease



177
Influence of Thickness on Some Physical Characterization for Nanostructured MgO... EEJP. 2 (2023)

in the energy gap [43,44]. The increased number of electrons also leads to an increase in particle size, as larger particles
are needed to accommodate all of the electrons [45]. The following equation can be used to calculate the energy gap for

the as-prepared films [46]:
ahv = A(hv — Eg)". (2)

(A) : constant, hv : energy of the photon, n is determined by the nature of the transition. The value was (1/2) in this case
(a direct band transition).
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Figure 7. The Absorption coefficient and Energy gap of MgO films

The optical transmittance value is determined by the film's refractive index (no), which is influenced by the
thickness of the film. As the thickness of the film increases, the refractive index increases, and the optical transmittance
decreases. This leads to a decrease in the Eg value [47]. It is evident that when thickness grows, the Value of Eg rises.
The Eg values are comparable to those that Ptociennik, P. et al. [48], and Tamboli, Sikandar H., et al. [49].

The higher the refractive index, the lighter is reflected off a surface, The refractive index (no) is related with
reflectance (R) by the relation [50]:

1
2

_[a+r? 5 (1+R)
o = [ams — (3 - D) + 55 3)

The refractive index behaves very similarly to reflectance. Figure (8) shows the correlation between refractive
index (n,) and photon energy for MgO films. the refractive index increases with thickness. The equation (4) can be used
to calculate the extinction coefficient (ko) [51]:

A
o= @
(ko) extinction coefficient.
g, = n? — k? 5)
g = 2n.Ko (6)

Figure (8) shows the refractive index and extinction coefficient of MgO films.

3.0 {——200 nm 0.15

400 nm ——200 nm

L M= 2
= 2.6- <
= 2 0.10-
S 244 3
£ £
g 221 :.3 /“/
‘g 2.0 .g 0.05 s
£ 2
S 1.8 2 / wwr/
=1 = *
s

1.6 / M
14 0.00 -
1.2 T T T T T

T T T T T T T T T
1.0 1.5 20 25 30 35 4.0 45 1.0 1.5 20 25 30 35 40 45
Photon Energy (eV) Photon Energy (eV)

Figure 8. Refractive index and Extinction Coefficient of MgO films

The dielectric constant can be expressed as a complex number, with both real and imaginary parts. The real part of
the dielectric constant represents the ability of the material to store energy, while the imaginary part represents losses
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due to absorption and other effects. The behavior of the real dielectric constant is associated with the refractive index
and the imaginary dielectric constant with the extinction coefficient with the equation (5) and (6) [52,53], as shown in
Figure (9). Table 4 shows the optical properties of MgO films at different thicknesses (200, 400, and 600 nm).
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Figure 9. The real and imaginary part of the dielectric constant of MgO films
Table 4. Optical Properties of MgO Films at Different Thicknesses

Thickness  Eg (eV) (ax10* cm™) (no) (ko) (Er) (E)
(nm) Maximum Maximum Maximum Maximum Maximum
200 3.439 1.7076 2.4241 0.0442 5.8652 0.1888
400 3.301 3.1893 2.8586 0.0742 8.1553 0.3921
600 3.162 4.3024 2.9451 0.1092 8.7144 0.6001

3.3. Electrical Properties

Hall coefficient is a measure of the strength of a material's response to an applied magnetic field [54]. The Hall
coefficient can be affected by the thickness of thin films, as thinner films tend to have higher Hall coefficients due to
their increased surface area and reduced number of charge carriers [55], As the thickness of the film increases, the
electrical resistance increases. This is because as the thickness of the film increases, there are more atoms and
molecules in the material that can impede the flow of electrons. The increase in resistance is due to an increase in
collisions between electrons and atoms or molecules in the material [56]. As shown in Table 5. Additionally, as the
thickness of a thin film increases, its capacitance also increases. This is because as the thickness of a thin film increases,
its surface area also increases, which allows for more charge to be stored on its surface, and the decrease in mobility can
be attributed to an increase in dislocation density and lattice strain [45], as shown in Fig (10).

Table 5. Electrical Properties of MgO films at Different Thicknesses

Thickness Concentration Hall Coefficient Conductivity Resistivity Mobility

(nm) (cm)?3 Rh(m?/C) (Q-cm)’! (Q-cm) (cm?/v-s)
200 0.2244x10" 8.792x10° 4.590x10¢ 2.178x10° 1.276x10!
400 -0.2163x10" -2.886x10° 5.337x107 1.874 x10° 1.54
600 -3.069x10"! -2.034x107 3.369x10° 2.968x10° 6.852x10!
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Figure 10. Electrical Properties of MgO films at Different Thicknesses
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4. CONCLUSIONS

The thickness of the transparent MgO films prepared by chemical spray pyrolysis can be controlled by varying the
deposition time. The films are composed of nanocrystalline grains with a size range from 10 to 50 nm, also The films
exhibit good adhesion to the glasses substrate and The rate of roughness decreases with increasing the thickness of the
film, The crystallite size decreases with increasing the thickness of the thin film, In the visible region, MgO films
exhibit high transmittance with values up to 80%, The refractive index of the films increases with increasing film
thickness, The films also exhibit low reflectance in the visible region, The energy gap (Eg) of the films increases with
increasing film thickness, indicating that they can be used as optical coatings (color filters), and optical absorbers for
applications such as photodetectors or solar cells. The electrical resistivity of MgO films decreases with increasing film
thickness, indicating that they can be used as conductive layers for electronic devices such as transistors.
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BIIJIUB TOBLIIMHU HA ®I3UYHI XAPAKTEPUCTUKN HAHOCTPYKTYPHUX TOHKIX IIIBOK MgO
Myxamman X. Aab-Timimi?, Binan X. Aan6anga®, Mycrada 3. A6ayiax®
“Jlenapmamenm ¢hizuxu, Hayxosuil xoneoxc, Ynisepcumem [isina, Ipax
bHayxoeuii [Jenapmamenm, Konedac 6azoeoi oceimu, Yuisepcumem Mycmarcipis, Ipax
“Vnpaeninus docnioxcenv mamepianis, Minicmepcmeo nayku i mexnonoeit, Ipax

TexHomOris XIMIYHOTO PO3MMITIOBAIBHOTO MipOJIi3y Ocaaniia HaHOCTPYKTYpOBaHi TOHKI uiiBku MgO pi3Hoi ToBumHu (200, 400 i
600 HM). PesynbraTu MmiATBEpAXKYIOTh, II0 TOBIIMHA IUTIBKM BIUIMHYJA Ha CTPYKTYPY, MOpPQOJIOrifo, ONTHYHI Ta eJIeKTPHUYHI
BiactuBocTi. Pizuyni BmactuBocti mwiiBok MgO nocmimkyBanmu 3a pomomoror (XRD), (FE-SEM), (EDX), (AFM), (UV-Vis
cnekrpodoromerp) i edexry Xomna. BiAmoBiaHO OO CTPYKTypHOTO aHami3y, IUIIBKM MaloTh KyOiuHy MOJIKPHCTATIUHY CTPYKTYpY
OKCHIYy MarHito 3 mepeBaxHolo opieHTamieto (002). Cepenniid po3Mip KpuCTaia Ta HIMPHHA 3a00POHEHOI 30HM 3HAXOIATHCS B
miamazoni (20,79-18,99) um 1 (3,439-3,162) eB BimnoBigHO 31 30iMBIIEHHAM TOBIIMHHU IUTIBOK. MopQooris MOBEpXHi ILUTBOK
MIOKa3ye, 0 BOHH BUIBbHI BiJ KPHCTATIYHUX Ne(EeKTiB, TAKUX SK OTBOPH Ta IyCTOTH, a TAKOX rOMOTeHHI Ta oxHopinHi. Kaptu EDS
MOKa3yIoTh, 1[0 BHPOIICHI IUTIBKM MiCTATh MarHii i kuceHb. Edexr Xomra Bkaszye, IO eNEeKTPONPOBIAHICTh 3MEHIIYETHCS 3
TOBIIMHOK. EXcliepuMeHTalbHI pe3ysIbTaTH IT0Ka3yloTh, 10 TOBIIMHA IUTIBKU BIUIMBAE HA ()i3MYHI BIACTUBOCTI BUPOIIECHUX TOHKHX
w1iBok MgO. BinbIr TOBCTI IUTIBKM MOYKHA BUKOPUCTOBYBATH SIK LIIap NOIJIMHAYA B COHSYHUX CJIEMEHTaX.
KurouoBi cnoBa: mnisku MgO; Ximiunuti po3nunioganvHuil niponiz;, 6naue MoSWUHY, CMPYKMypd, ONMUYHi ma eneKmpuyHi
61acmueocmi



