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Abstract
Thin films of magnesium oxide (MgO) doped with zinc sulfide (ZnS) were deposited on glass substrates at (350 °C)
by the spray pyrolysis technique. The structural properties, surface morphology, and electrical properties of all the
prepared films were studied. An X-ray diffraction study confirms the successful fabrication of pure (MgO) thin films
and doped with (ZnS) sulfide. The surface morphology revealed by (FE-SEM) of the films reveals that the
morphology of the (MgO) films changes dramatically with increasing (ZnS) doping concentration. Through Hall effect
measurements, the type of charge carriers of the prepared films was identified and found to be (n-type) for pure
(MgO) films and doped with (2 and 4%) of zinc sulfide (ZnS), while they converted to (p-type) for films doped with
(6 and 8%) of zinc sulfide (ZnS).
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Introduction
Thin films of magnesium oxide (MgO) have an
important scientific and technological role due to
their practical properties (Carta et al., 2007a; Carta
et al., 2007b). In addition, Magnesium Oxide (MgO)
has a wide bandgap and remarkable chemical and
thermal stability (Carta et al., 2007a; Moses Ezhil
Raj, Nehru, Jayachandran, & Sanjeeviraja, 2007).
Thin MgO films are used in solar cell applications,
sensors, light-emitting diodes, and optoelectronic
devices (Carta et al., 2007a; Moses Ezhil Raj et al.,
2007; Visweswaran, Venkatachalapathy, Haris, &
Murugesan, 2020). Doping is a useful technology
that significantly modifies the properties of host
materials. To modify the properties of thin films
(MgO), many doping were used, including (Ag, Al,
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Cr, Fe, Zn) (Benedetti, Nilius, & Valeri, 2015; Islam,
Rahman, Farhad, & Podder, 2019; Maiti et al., 2017;
Nion et al., 2021; Yu, 2018). In this work, we chose zinc
sulfide (ZnS) as the doping component because zinc
sulfide (ZnS) is a low-toxicity, low-cost, and readily
available substance (Goktas, Tumbul, Aba, Kilic, &
Aslan, 2020). Moreover, (ZnS) is a composite (II-VI)
semiconductor with a high refractive index and
bandgap (3.72 eV at room temperature) and is used in
many
different
technological
applications
(Ashokkumar & Boopathyraja, 2018). Thin (MgO) films
can be deposited by various techniques, including
electron beam evaporation (Saeed, Al-Timimi, &
Hussein, 2021; Yu, 2018), (sol-gel) (Ho, Xu, &
Mackenzie, 1997), spraying (Benedetti et al., 2015),
chemical vapor deposition (CVD)
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(Talukdar et al., 2018), spin coating (Güngör, USLU,
Güngör, & BÖBREK, 2020), spray pyrolysis
technology (Tlili, Jebbari, Naffouti, & Kamoun,
2020), etc. The spray pyrolysis technique,
compared to the previous techniques, is simple in
Experimental details
Pure (MgO) thin films doped with zinc sulfide (ZnS)
were prepared by spray pyrolysis on glass
substrates at (350 °C). (0.1M) of magnesium
chloride (MgCl2.6H2O) was used to get (MgO) and
(0.1M) of zinc nitrate (Zn(NO3).6H2O) and thiourea
(CH4N2S) to get (ZnS) all dissolved in distilled
water . Thin (MgO) films and doped were obtained
with different volumetric ratios (0, 2, 4, 6, 8) % of
(ZnS) after spraying the solution with a compressor
at (1.5 bar) on glass substrates. The structural
properties were measured using X-ray diffraction
(XRD), surface morphological by field emission
scanning electron microscopy (FESEM), and
electrical properties using Hall effect measurement
for all the prepared films.
Results and discussion
Fig. 1 shows the (XRD) patterns of pure magnesium
oxide (MgO) and doped with different volumetric
ratios (2, 4, 6, and 8 %) of zinc sulfide. The
diagnostic peaks (Characteristic Peaks) showed
that pure magnesium oxide (MgO) was obtained
with a cubic crystal structure (F23 no.196) with
crystalline dimensions (a=b = c = 4.22 Å) and angles
(α=β=γ= 90°). As shown in Fig. 1a, which matches
the Standard Pattern (JCPDS 01-074-1225). From
Fig. 1, we notice that the process of doping with
zinc sulfide (ZnS) led to a decrease in the intensity
(Low Intensity) and an increase in the width of the
diagnostic peaks with an increase in the percentage
of doping, This is due to the substitution of (Mg)
ions with sulfur and zinc ions (Zn+2 and S-2 ions),
the diffusion of ions within the crystal lattice of
magnesium oxide (MgO), and the emergence of new
peaks after the doping process at the corners ( 2Ѳ=
28.7°, 47.56°, 56.38°) for the (0117) (110) (1148)
crystalline levels, indicating the formation of a
hexagonal (ZnS) Crystal Structure (P63mc no.163)
with crystalline dimensions (a=b = 3.82 Å, c = 6.25
Å) () and angles (α=β=90°, γ=120°), which
corresponds to standard spectrum (JCPDS 00-0021310). The results showed that the crystalline
growth of magnesium oxide (MgO) in the same
cubic system after the doping process with zinc
sulfide (ZnS) had no other peaks, indicating the
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cost and can deposit films in a large area (Kabir et al.,
2021; Kabir, Rahman, & Khan, 2018). In the current
work, the structural, morphological surface, and
electrical properties of the (MgO) films doped with
(ZnS) were studied using the spray pyrolysis technique.
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presence of impurities within the prepared material.
On the other hand, the results obtained showed that
there is a very small (Negligible Shift) shift in the
diagnostic peaks of magnesium oxide (MgO) towards
the lowest angles after the doping process, which is due
to the replacement and diffusion of sulfur ions and zinc
ions (Zn+2, S-2) in the crystal lattice to magnesium
oxide (MgO) and forms the zinc hexagonal sulfide
phase [18, 19]. Crystalline size was calculated using the
Debye-Scherrer equation for magnesium oxide (MgO)
particles before and after doping with zinc sulfide
(ZnS) as shown in Table 1. The results showed a slight
decrease in the crystalline size of the prepared
magnesium oxide nanoparticles (MgO) with an
increase in the percentage of doping, which can be
explained on the basis of the distribution of positive
ions (Cations) as a result of replacing the magnesium
ion (Mg+2) with ionic radius the smallest (Mg+2 = 0.66
Å) with zinc ions (Zn+2) has the largest ionic radius
(0.74 Å) which leads to an increase in intrinsic stress
and an increase in the values of micro strain. Thus, the
crystallite qualities deteriorate and thus the crystal size
decreases [18-21].
Table 1. Shows The Crystalline Size Values and Some Crystalline Parameters for the prepared thin films.

www.neuroquantology.com

NeuroQuantology | January 2022 | Volume 20 | Issue 5 | Page 2063-2071 | doi: 10.14704/nq.2022.20.5.NQ22001
Hussein S. Al-Rikabi et al/ Structural, morphological and electrical properties of (MgO)
thin films doped with (ZnS) prepared by chemical spray pyrolysis method
Figure 1. X-ray diffraction patterns of thin films (MgO) doped with zinc
sulfide (ZnS): (a) (MgO) pure, (b) 2% (ZnS), (c) 4% (ZnS), (d) 6% (ZnS),
(e) 8% (ZnS)

Surface morphology
The morphology of the surfaces of all the prepared
films was studied using field emission scanning
electron microscopy (FE-SEM), which provides us
with images of the surfaces with high resolution
and magnification. Fig. 2, 3, 4, 5, and 6 Illustrate the
(FE-SEM) images with the grain size distribution
scheme for all the prepared films. We note that the
prepared films' surface structures consist of
aggregates of dense quasi-spherical nanoparticles
and highly agglomerated. This is consistent with
(Abdul-Hamead, 2020; Suresh, 2014), and the rate
of grain size decreases with an increasing
percentage of doping with zinc sulfide (ZnS), and
this agrees with the researcher (Rajendran, Deepa,
& Mekala, 2018). which confirms the spread of
sulfur and zinc ions within the crystal lattice of
magnesium oxide (MgO) (Lad, Kokode, Deore, &
Tupe). The largest value for the average grain size
was for the pure (MgO) film, while the lowest value
was for the doped film by (8%) of zinc sulfide (ZnS).

Figure 2. (a,b) (FE-SEM) images, (c) grain size distribution diagram of
the thin film (MgO).

Figure 3. (a,b) (FE-SEM) images, (c) grain size distribution diagram of
the thin film (MgO0.98ZnS0.02).

Figure 4. (a,b) (FE-SEM) images, (c) grain size distribution diagram of
the thin film (MgO0.96ZnS0.04).
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Figure 5. (a,b) (FE-SEM) images, (c) grain size distribution diagram of the thin
film (MgO0.94ZnS0.06).

Figure 6. (a,b) (FE-SEM) images, (c) grain size distribution diagram of the
thin film (MgO0.92ZnS0.08).

Electrical Measurement

2065

The Hall effect measurements were studied for (MgO)
thin films doped with zinc sulfide (ZnS) with different
volumetric ratios (0, 2, 4, 6, and 8%). It was found that
the type of charge carriers of the films of pure
magnesium oxide (MgO) and doped with (2%, 4%) of
zinc sulfide (ZnS) are of the negative type (n-type) from
the value of the negative Hall coefficient (RH), and this
agrees with researcher (Wan et al., 2017), While the
type of charge carriers for (MgO) films doped with (6%,
8%) of zinc sulfide (ZnS) is of the positive type (p-type)
from the value of the positive Hall factor (RH) due to
the high percentage of positive charge carriers relative
to carriers with the negative charge generated from the
presence of zinc sulfide (ZnS) metal, and this agrees
with the researcher (Mares, Boutwell, Scheurer,
Falanga, & Schoenfeld, 2010), Table 2. Shows the
results of the Hall effect measurements, as we notice an
increase in the values of Hall's coefficient by increasing
the percentage of doping with zinc sulfide (ZnS) until it
reaches its highest value at the membrane
(MgO0.94ZnS0.06). The results showed that the values
of the resistivity for all films were high, and the highest
value was for the films doped with (4%) of zinc sulfide
(ZnS). While the conductivity values were low for all
the prepared films, they also increased after doping
with zinc sulfide (ZnS), and their highest value was for
the film doped with (8%) of zinc sulfide (ZnS). The high
values of resistivity are caused by defects in the crystal
structure of the film that restrict the movement of
charge carriers (Manjula, Balu, Usharani, Raja, &
Nagarethinam, 2016), As for mobility, its values
decreased with the increase in the percentage of
doping with zinc sulfide (ZnS), and the lowest value
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was for the film doped with (6%) of zinc sulfide
(ZnS). Fig. 7 Shows the values of each of the
resistivity, Hall’s modulus, and the concentration of
charge carriers as a function of doping ratios for all
the prepared films.
Table 2. Hall effect measurements for the prepared thin films.

Figure 7. shows the values of (a) resistivity, (b) Hall coefficient, and (c)
concentration of charge carriers, as a function of doping ratios for all
prepared films.

Conclusion
The results of X-ray diffraction (XRD) assays
showed that the thin films of pure magnesium
oxide (MgO) doped with zinc sulfide (ZnS) have a
polycrystalline structure with a favorable direction
of growth (200). The results of the scanning field
emitting electron microscope (FE-SEM) assays
showed that the prepared films have a
nanostructure and their surface consists of dense
semi-spherical grains, and that the grain size
average values decrease with an increasing
percentage of doping with zinc sulfide (ZnS). The
results of the Hall effect measurements showed that
the charge carriers of pure (MgO) thin films and
those doped with (2%, 4%) zinc sulfide (ZnS) of (ntype) and the films doped with (6%, 8%) of zinc
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sulfide (ZnS) became p-type charge carriers. Through
the results of the structural and electrical tests, it was
found that the (MgO) films can control their properties
2066
by doping with zinc sulfide (ZnS), and the prepared
films can be used in solar cell applications.
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