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Abstract

Pure and doped magnesium oxide (MgO) thin films were prepared with different volumetric
ratios (0, 2, 4, 6,-and 8%) of zinc sulfide (ZnS) on glass substrates at (350 °C) by chemical
spray pyrolysis technique. The surface topography, absorption spectrum, absorption coefficient
and Urbach energy of the prepared films were studied. The atomic force microscopy (AFM)
results revealed that the surface topography of the prepared films changes as the percentage of
doping with zinc sulfide (ZnS) increases. The absorbance spectrometry of the prepared films
was measured by UV-vis. The Urbach energy of the prepared thin films increased by increasing

the doping ratios with (ZnS).
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Introduction

Thin MgO films have an important scientific and technological role due to their application
properties [1]. Magnesium oxide (MgO) thin films are used in several applications, including
electronic devices, solar cells, LEDs, and sensors [1-3]. (MgO) has a wide bandgap and
remarkable chemical and thermal stability [1, 2]. In general, dopants are useful for significantly
modifying the properties of host materials. Several doping have been used to modify the
properties of MgO thin films, such as (Zn, Ag, Cr, Al, Fe) [4-8]. In the current study, we chose
zinc sulfide (ZnS) as the doping component because (ZnS) is a low-toxicity, low-cost, and
readily available substance [9]. Moreover, (ZnS) is a composite (11-V1) semiconductor; it has a
high refractive index and bandgap (3.72 eV at room temperature) and is used in many different
technological applications [10]. Thin (MgO) films can be deposited by various techniques,
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including electron beam evaporation [4, 11], (sol-gel) [12], spraying [5], chemical vapor
deposition (CVD) [13], spin coating [14], spray pyrolysis technology [15, 16], etc. The spray
pyrolysis technique, compared to the previous techniques, is simple in cost and can deposit
films in a large area [17, 18]. In the current work, the surface topography, absorbance, and
urbach energy of the thin (MgO) films pure and doped with (ZnS) were studied using the spray

pyrolysis technique.
Experimental part

Magnesium oxide (MgO) pure thin films and doped with zinc sulfide (ZnS) were prepared on
glass substrates at (350 °C) by spray pyrolysis. (0.1M) of magnesium chloride (MgCl..6H20)
was used to get (MgO) and (0.1M) of Zinc nitrate hexahydrate (Zn(NQO3z).6H20) and (0.1M) of
thiourea (CH4N2S) to get (ZnS) all dissolved in distilled water . Thin (MgO) films pure and
doped were obtained with different volumetric ratios (0, 2, 4, 6, and 8%) of (ZnS) after spraying
the solution with a compressor at (1.5 bar) on glass substrates. The surface topography
properties were measured using an atomic force microscope (AFM), absorbance, absorption

coefficient, and urbach energy using (UV-vis) for all the prepared films.

Results and Discussion

(XRD) Analysis

Fig. 1 shows the (XRD) patterns of pure magnesium oxide (MgO) and doped with 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
A) and angles (o=p=y=90°). As shown in Fig. 1a, which matches the Standard Pattern (JCPDS
01-074-1225). From Fig. 1b, 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
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with sulfur and zinc ions (Zn*? and S ions), the diffusion of ions within the crystal lattice of
magnesium oxide (MgO) [19, 20], and the emergence of new peaks of low intensity after the
doping process at the corners ( 20= 28.7°, 47.56°, 56.38°) for the (002) (110) (112) crystalline
levels, indicating the formation of a hexagonal (ZnS) Crystal Structure (P63mc no.186) with
crystalline dimensions (a=b = 3.82 A, ¢ = 6.25 A) and angles (0=p=90°, y=120°), which
corresponds to standard spectrum (JCPDS 00-002-1310).
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Figure 1: X-ray diffraction patterns of thin film (MgQO) pure and doped with zinc sulfide (ZnS) films,
a- (MgO) Pure, b- 8% (ZnS)

Surface Topography

Fig. 2 shows the images of the results of the atomic force microscope (AFM) tests for all the

prepared films. The topography of the thin (MgO) films was studied and doped with different

volumetric ratios (0,2,4,6, and 8%) of (ZnS) using atomic force microscopy (AFM).
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The (AFM) images indicated that the surface morphology strongly depends on the doping
concentration in the prepared thin films. The values of (Roughness Average) and root mean
square of roughness (RMS) values decrease for all the prepared films except for the
(MgOo.98ZnSo.02) film, as it was noticed that the roughness values and (RMS) values increased,
the values of the grain size rate decrease with the increase of the percentage of doping with
sulfide Zinc (ZnS) for all prepared films. This is consistent with the study [21], except for the
film (MgO0.92ZnSo.08). An increase in the rate of grain size was observed. The increase in the
average grain size is probably due to the occupancy of the ZnS atoms in interstitial lattice

positions and inter-grain regions [22].

The decrease in surface roughness is due to the reduction of the average crystalline size of
(MgO) films after (ZnS) replacement [23-25]. This means that the square root of the mean
roughness square and the surface roughness are directly proportional to the crystalline size.
Also, the more extensive grain formation may lead to a decrease in surface roughness [26].
Table 1. shows the surface roughness and particle size values with an increasing percentage of
doping with (ZnS).

Table 1: Roughness and (RMS) for the prepared thin films.

Samples Roughsnae?irﬁ)v erage I?nl\r/llwi Grain Size (nm)
MgO 16.94 25.02 27.87
MgOo.98ZnSo.02 33.41 42.71 26.29
MgO0.96ZNSo.04 10.91 12.69 14.19
MgOo0.04ZNnS0.06 4.922 6.037 5.04
MgO0.92ZnSo 08 9.641 12.59 21.25
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Figure 2: AFM images for the prepared thin films
Absorbance and Absorption Coefficient

Fig. 3 shows the absorbance values for all the prepared films. We notice that when doping
(MgO) films with different percentages (0, 2, 4, 6, and 8%) of zinc sulfide (ZnS), the absorbance
values increase with the increase in the percentage of doping (ZnS) [27], and this is due to the
entry of the atoms of the material the impurity within the crystalline structure of the prepared
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films, which results in the formation of local levels between the valence band and the
conduction band, which in turn leads to the absorption of photons with low energies. This is
what corresponds to the highest absorption [28]. Fig. 4. shows the change of the absorption
coefficient of all the prepared films as a function of the energy of the incident photon, where
the absorption coefficient was calculated for all films prepared at a base temperature (350 °C)
through the relationship (1) [29-31], and we note that the value of the absorption coefficient for
all films (a > 10* cm™), This confirms the occurrence of direct electronic transmissions [32-
34]. The absorption coefficient of the prepared films increases with the increase in the
percentage of doping with zinc sulfide (ZnS), The reason for this increase is that the process of
doping with zinc sulfide (ZnS) created secondary levels within the energy gap, which increased
the process of low-energy electronic transitions between the valence band and the level of
impurities in addition to the normal transitions between energy bands, and this led to an increase
in the absorption process of the incident photons and thus a rapid increase in the value of the
absorption coefficient [35, 36]. a=2.303A/t (1)

(A) and (t) represents the film's absorbance and thickness.
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Figure 3: Absorbance as a function of the wavelength of the prepared films.
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Figure 4: Absorption Coefficient of the prepared films.

Urbach Energy

Fig. 5 shows the graph relationship between the photon energy (hv) and the logarithm of the

absorption coefficient (Ln(a)) for all the prepared films.

The reciprocal of the slope of the straight line represents the energy values of the Urbach tails
for the prepared films. Fig. 6 shows the values of Urbach energy as a function of the percentage
of doping with zinc sulfide (ZnS), where we note that its value increases with the increase in
the percentage of doping, which is consistent with the results reached by the researcher [37].
The increase in the energy values of Urbach tails is attributed to the increase in the number of

local energy levels in the optical energy gap, and thus the energy of Urbach tails increases [8].
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Figure 5: The relationship between (hv) and (Ln (o)) of the prepared films
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Figure 6: Urbach energy values as a function of doping ratios.
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Conclusions

X-ray diffraction assay showed the successful fabrication of the prepared thin films. The results
of atomic force microscopy (AFM) show that the surface roughness rate of the prepared films
decreases with an increasing percentage of doping with zinc sulfide (ZnS). Through UV-vis
examination, the values of absorbance and absorption. coefficient increased by increasing the
percentage of doping with (ZnS). Also, the urbach energy increased with an increase in the
percentage of doped with zinc sulfide (ZnS) within the range of (0.958-1.3663) eV.
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