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Abstract

The pulsed-laser deposition (PLD) method was used to deposit undoped zinc sulphide (ZnS) and Al-doped zinc sulphide (AZS) films on
glass substrates (GSs). The aluminum content in the ZnS films varied from 0% to 8%. The film morphology was studied using atomic force
microscopy (AFM). The films were optically characterized using an Ultraviolet-Visible-near-infrared (UV-VIS-NIR) spectrophotometer with
photon wavelengths ranging from 300 to 600nm. The average roughness (Sa), root-mean square (RMS) roughness (Sq), surface skewness (Ssk),
and surface kurtosis (Suk) parameters of the samples were determined using the AFM method. The samples’ AFM grain sizes were found to be
4.89 nm, 5.65 nm, and 12 nm, respectively. The doped ZnS thin film'’s surface roughness was found to be greater than the undoped ZnS thin film’s.
The samples showed a high transmittance across the whole visible spectrum, according to the UV data. The film optical refractive-index (n) and
the extinction-coefficient (k) was computed using UV-VIS spectroscopy data. The techniques used in these investigations have been described
and explained in detail. Good agreement was found when comparing results from this work against previously published data.

Keywords: Thin film; PLD; AFM; UV; Surface roughness

Abbreviations: PLD: The Pulsed-Laser Deposition; AZS: Al-Doped Zinc Sulphide, GSs: Glass Substrates; AFM: Atomic Force Microscopy; UV-
VIS-NIR: Ultraviolet-Visible-Near-Infrared; RMS: Root-Mean Square; Ssk: Surface Skewness; Suk: Surface Kurtosis

Introduction

frequently crystallize in space groups (F43m) and (P63) in the
cubic zincblende (ZB) phase at low temperatures, and (P63)
in the hexagonal zincblende (ZB) phase at high temperatures
[11]. Several research groups have attempted to dope ZnS films
with elements such as In, Al, Fe, Co, Pb, Cd, Cu, Mn, Cr, Ni, Eu,
Sm, and Cl throughout the growth process [14-20]. However,
there have been infrequent studies on aluminum doped with
ZnS films and placed on substrates [21,22]. However, aluminum
doped ZnS films deposited on glass needs further investigation.
Numerous deposition techniques, including sputtering, thermal
evaporation, spray pyrolysis, chemical bath deposition, close-
spaced evaporation, electron beam evaporation and pulsed laser
deposition have been used to prepare ZnS thin films [14,23-26].

The metal chalcogenide in their crystalline state possesses
many outstanding properties and has attracted considerable
attention in the literature [1]. Semiconductor nanoparticles
(SCNPs) films made of 1I-VI compounds have distinct properties
that make them suited to several devices and applications [2].
Tin dioxide (Sn0,), titanium-dioxide (Ti0,), cadmium-sulphide
(CdS), cadmium-tellurium (CdTe), cadmium-selenide (CdSe), zinc
selenide (ZnSe), zinc-oxide (Zn0), and zinc tellurium (ZnTe) are
all well-known SCNPs and well-studied in detail [3-10]. Among
the SCNPs, ZnS is one in particular that has been widely used for
a variety of applications. ZnS is an easily accessible, nontoxic, and
environmentally safe compound with a higher direct band-gap

energy (3.7 eV) [11].
To our knowledge, only a few investigations was conducted

on zinc sulphide thin films prepared via the PLD method on glass
substrates. Several methods are demonstrated, but the pulsed
laser deposition technique is shown to maintain the desired

ZnS is a metal chalcogenide with a high refractive index,
a large band-gap energy, and a high UV-visible transmittance
[12,13]. The polytypes of ZnS are cubic-zinc blende (sphalerite)
and wurtzite (hexagonal) [11]. Furthermore, ZnS structures
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composition in the deposited thin films. Because the high kinetic
energy of atoms and ionized particles in the laser-produced
plasma, the PLD method can be used to deposit ZnS film at low
temperatures [27]. This method is used to deposit materials on
large surfaces under air conditions and on a variety of substrates
in a well-controlled manner. Nonetheless, due to the intricate
growth mechanism and method, deposition of ultrathin ZnS and
AZS films via PLD remains extremely challenging. The results of
these analyses, performed by utilizing the AFM method and the
UV-Vis spectroscopy, have been documented.

Materials and Methods
Sample preparation

Sigma-Aldrich analytical grade reagents, chemical, and soda-
lime glass substrates were purchased and used without further
purification in this investigation. The precursors for Al, S, and Zn
were aluminum chloride hexahydrate (AIC,.6H,0), thioacetamide
(CH,CSNH,), zinc acetate dehydrate [Zn(CH,C00),, 2H,0)], and
ethylenediamine (NH,CH,CH,NH,) of analytical reagent quality.
For several minutes, the zinc-acetate and ethylenediamine were
mixed and agitated to obtain a clear and uniform solution. The
product was then added to the zinc-acetate solution, followed
by the addition of tri-sodium citrate. The resulting solution was
agitated for a few minutes in each case. Following this, it was
added to the previously produced thiourea solution while stirring.
To obtain Al-doped ZnS (AZS) samples, the combined materials
were mixed in the proper ratio and then dried. Numerous hours
were spent extensively rushing the combined AZS samples. To
manufacture the pellets of the thin films, a 5-ton hydraulic press
was used for 3-5 minutes at room temperature.

Thus, pellets roughly 1.2cm in diameter and 0.2cm thick were
produced from the given AZS sample. The glass substrates were
degreased for 12 hours prior to deposition using soap water and
alcohol. Following this procedure, glass substrates (GSs) were
ultrasonically cleaned for 10 minutes with alcohol and deionized
water. Finally, the glass slide substrate was rinsed, washed with
deionized water, and air dried. PLD with a focused Q-switched-

neodymium-doped yttrium aluminum garnet (Nd: Y3AL.0,,) was

used to deposit the ZnS and AZS films on the glass substrates (GSs)
(Nd: YAG). The depositions took place at four-hour intervals.

Pulsed-laser ablation was carried out using a focused beam in
TEMO00 mode laser with primary and secondary harmonic outputs
at 1064 and 532nm, respectively. The laser system was operated
using pulses with a duration of ten nanoseconds. A pulsed laser
with an energy density of 2 J/cm? and a frequency of 6 Hz was
used to irradiate the object. The thin film target spun as the laser
restored across an area of approximately 0.5cm? with a spot size
of 3 mm? and an incidence angle of 45°.

Throughout the development process, the target-substrate
distance was maintained at a constant of 2.0cm. The substrate was
clamped to a heated holder, and the temperature of the deposition
solution was measured. Prior to heating the source, the chamber
was evacuated to a pressure of 10 torr. The ZnS and AZS film were
deposited on the GSs using 500 pulses and 100 m]/pulse energy.
The target and laser source were separated by a predetermined
distance of 12.0cm. All films were of a thickness of between 200
and 250nm. However, when the films were grown using the PLD
method, the deposition rate was calibrated, in order to regulate
the thickness. The details concerning the set-up of the PLD method
experiment have been provided elsewhere [14]. All samples were
labeled as a control (ZnS/GSs or S0), the Al-doped ZnS/GSs (ZnS/
GSs: Al 4% or S1) and the (ZnS/GSs: Al 4% or S2), respectively. The
sample morphology and optical properties were measured by the
AFM [28] and the UV-Vis spectrophotometer [29].

Results and Discussion

The surface roughness of the films, as defined by arithmetic-
mean height (Sa), root-mean square height (Sq), skew (Ssk), and
kurtosis (Sku), was measured and is shown in table 1. The film
arithmetic mean height was calculated to be SO (5.509nm), S1
(9.964nm), and S2 (23.92nm), in that order. It was observed that
in comparison to SO, the Sa of the sample surface increased from
5.509nm to 23.92nm with aluminum doping. The film root-mean
square roughness was calculated to be SO (7.251nm), S1 (13.30
nm), and S2 (44.11nm), in that order.

Table 1: AFM surface morphology of ZnS thin films with different Al doping.

Parameters
ZnS/Gs: Al doping (%)
Sa (nm) Sq (nm) Ssk (Dimensionless) Sku (Dimensionless) Grain Size (nm)
0 5.509 7.251 0.731 5.046 4.89
4 9.964 13.3 1.179 10.38 5.65
8 23.92 44,11 3.585 20.36 12.2

The sample skewness was found to be SO (0.7310), S1
(1.179), and S2 (3.585), respectively. The sample kurtosis was SO
(5.046), S1 (10.38), and S2 (20.36), respectively. These findings
show that the doped sample surface of S1 and S2 was rougher
than the SO surface. The dopant of ZnS/glass substrates led
to a slight alteration of the parameters. However, the Sa and Sq

film parameters had increased. Furthermore, the Ssk and Sku
parameters of the film increased from 0.7310 to 3.585, and from
5.046 to 20.36, respectively.

AFM micrographs of the prepared films show that spherical
shape grains are uniformly distributed. Surface kurtosis values
greater than 3 were found in all the examined samples, indicating
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sharper peaks and longer, fatter tails in general. Rku values greater
than 3 indicate that the peaks and valleys have further flattened
out. This finding suggests that Rsk can be used to distinguish the
roughness profiles of the two surface processes. Surface roughness
analysis was performed by capturing 3-D images of the surfaces of
ZnS thin films with a scan area of 7.8nm x 7.8nm.

Figure 1 depicts the 7.8nm x 7.8nm 3-D images of the undoped

and doped ZnS thin film surfaces for (a), (b), and (c), respectively.
It is observed that Al doping induced noticeable changes in the
surface morphology. The size of the grains increased for 4 wt. %
Al doping (Figure 1(b)), and bigger clusters were formed on the
film surface for 8 wt. % a Al doping, as shown in figure 1(c). It was
also reported that Al doping in ZnS led to an increase in the grain
growth.

Figure 1a: The 3-D AFM micrography of undoped ZnS with a scan area of 78nm x 78nm.
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Figure 1b: The 3-D AFM micrography of ZnS:Al 4% with a scan area of 78nm x 78nm.
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The scales of the Z-axis in figures 1a-1c show that the surface of
the undoped deposited ZnS thin film is much flatter, in comparison
with the surface of the doped deposited ZnS thin film (c). When the
aluminum content is gradually increased, the scales of the Z-axis
of the undoped deposited ZnS thin film surface increases. It is seen
in figures 1la-1c that the scales of the Z-axis are different. Figure
2 depicts a histogram of the percentages of ZnS and ZnS: Al as a
function of grain size (a to c). The AFM analysis extracts surface
parameters from the AZS thin films, allowing for the investigation
of the surface analysis with numerical data.

The profiles of the AFM image cross section are shown in
figure 2. The AFM image cross-section shows that islands in
samples grown with aluminum concentrations of 0%, 4%, and
8% have a quasi-rounded shape distribution with an RMS value
of 4.89nm and 5.65nm, for 0% and 4%, respectively. In contrast,
for an aluminum concentration of 8%, the profiles exhibit a quasi-
triangular distribution of islands with an RMS value of 12nm.

The origin of the rough surface morphologies is correlated to
the enhanced aluminum at a high aluminum concentration of 8%.
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Small ZnS islands tend to coalesce into larger ones as a result of the
extra aluminum migrating on the surface. This coalescence allows
for a reduction in the density of ZnS islands. Thus, 0% aluminum

concentrations favor the 2D-like growth of ZnS, resulting in a wavy
surface.

Ve

Figure 1c: The 3-D AFM micrography of ZnS:Al 8% with a scan area of 78nm x 78nm.
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A quantitative optical model was employed in the calculation
of the concentration-dependent reflectance of AZS structures, as
detailed below. The experimental results add to our understanding
of the relationship between aluminum concentrations and optical
properties. A UV-Vis-NIR spectrophotometer in the 600 nm range
was used to measure the optical properties of AZS thin films at
room temperature. The reflectance spectrum was obtained

using a UV-Vis-NIR spectrophotometer. The effects of variables
on roughness were investigated using both morphological and
optical responses. Table 2 shows a more detailed comparison of
the films’ refractive index (n), extinction coefficient (k), reflectance
(R), and surface roughness (Sa). However, as the refractive index,
extinction coefficient, and reflectance of a material decrease, the
value of its surface roughness increases.

Table 2: Output parameters and characteristics related to samples (S0), (S1), and (S2).

Sample
Parameters
SO S1 S2
Refractive index, n 2.5 2.46 2.27
Extinction coefficient, k 0.5 0.4 0.27
Reflectance, R 0.2 0.18 0.15
Surface roughness, Sa (nm) 5.5 9.96 23.92

In summary, we provide a correlation between Aluminum
concentration and surface morphology evolutions versus the
optical parameters of AZS on substrate based on the optical
properties results. The results show that the high-density island
structure acts to increase the scattering of the AZS surface.
Changing the concentration of Al can affect the density and size
of islands.

We compare the surface roughness, aluminum content, and
reflectance as shown in figure 3. It is significant to note that the
contribution of all surface defects and features is regarded as the
primary cause of light scattering, as a result of which reflectance
decreases for reflectance measurements. Finally, based on
the reflectance data, we present a correlation between AZS
concentration and surface morphology.

How to cite this article: AA Ahmed, M D Abd A. The Morphological Properties of Zns Nanoparticles Deposited on Glass Substrates as a Function of
Aluminum Content. JOJ Material Sci. 2022; 7(2): 555708. DOI: 10.19080/JOJMS.2022.07.555708


http://dx.doi.org/10.19080/JOJMS.2022.07.555708

Juniper Online Journal Material Science

N
. ; - - : 021
25 | 2 Sa
"'nx [=*—R *  Lo2o
;o a
g 2
2 154 F018 &
=
2 g
= F0AT @
=10 2 0 o=
=016
5 - o -
T T T T T U 15
0.00 0.02 004 0.06 0.08
Al - content (%)
Figure 3: Plots of surface roughness versus Al content deduced from AFM and reflectances.
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Conclusion

In summary, un-doped and Al-doped ZnS film was deposited on
glass substrates using the PLD technique. The effects of aluminum
concentration on the morphological and optical properties of the
films were investigated using AFM and UV methods. According
to the AFM studies, the film roughness changed significantly,
following dopant treatment. The average roughness, root-
mean square roughness, line skewness, and kurtosis of the ZnS
films deposited on the glass substrates slightly increased after
aluminum content-treatment. The AFM topography of doped and
deposited films with aluminum content ranging from 0% to 4%
revealed a surface texture with waviness.
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