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Abstract: In the present work, ZnS and Cu incorporated at (2%, 4%,6%, 8%, and 10%) thin films were growth onto hot
glass substrates at substrates temperature 270 °C with thickness about 100 nm by chemical spray pyrolysis technique. The
solutions of the spray consists of Zn(CH3C0O0).2H20, SC(NH2)2 and CuCl>.2H>0 with molar concentration 0.1M/L. The
structure of the film was studied by XRD pattern, the results shows that the films were polycrystalline with cubic phase for
pure ZnS and hexagonal phase for Zn1-xCuxS at x=10%. The optical constants, refractive index, » and extinction coefficient,
k were determined The optical energy gap of the direct transition is also estimated, pure ZnS is 3.42 eV, and it increases as
the Cu concentration increases from 3.49 to 3.67 eV. The room temperature photoluminescence (PL) of copper-doped zinc
sulfide (ZnS:Cu) nanoparticles was studied. Through Gaussian fitting, the PL spectrum of undoped ZnS nanoparticles is
deconvoluted into two blue luminescence peaks (centered at 411 nm and 455 nm, respectively), both of which can be
attributed to the recombination of ZnS defect states. But for doped samples, a third peak at about 500 nm was also identified.
Discussed the changes of all optical constants and PL spectra from the changes of optoelectronics microstructure parameters

Keywords: Zn1xCuxS pyrolysis technique; thin film; microstructural parameters; optical constants; photoluminescence.

the dopants induced a number of impurity states that can
normally reduce the material's energy barrier [11]; dopants
or impurities create discrete energy levels that can improve
the material's electronic, optical, and magnetic performance
[12]. Visible-light absorption and photocatalytic hydrogen
production activity are enhanced as copper replaces zinc in
ZnS (wurtzite) [13]. Due to the hybridization between the d
and p states of Cu and S atoms, the energy gap of Zni—xCuxS
was reduced [14]. In addition, the ZnS photoluminescence
spectrum: 1% Cu/Polyvinyl Alcohol (PVA) nanocomposite
film showed higher photoluminescence intensity compared
to other Cu nanocomposite films doped from ZnS / PVA
[15]. All of the above and other properties nominate the
copper-doped ZnS system to be used in many applications,
such as LEDs, X-ray screens, and optical lasers [16]. The
thin films of ZnS are usually prepared by different

1 Introduction

In recent years, much effort has been devoted to the research
of doped metal chalcogenide nanostructured materials. This
type of nanomaterials exhibits unusual physical and
chemical properties in comparison with their bulk materials,
such as size-dependent variation of the band gap energy [1,
2]. The ZnS bulk form has a direct-wide bandgap (3.66 V),
good visible region transparency, excellent transport
properties and good thermal stability [3]. These
characteristics make ZnS widely used in various applications
in the electronics industry, such as ultraviolet light emitting
diodes, solar selective decorative coatings, lasers,
optoelectronic and electroluminescent devices [4-7]. ZnS

can take one of two crystallographic phases, the combination
of cubic zinc blend structure or hexagonal wurtzite structures
[8, 9]. The position of chalcogenide semiconductor materials
in the luminescence band is affected by the dopant type
(Mn?*, Cu?*, Cr** and Ni**) and their concentrations in the
matrix [10]. Inside the band gap,

techniques such as sputtering, chemical bath, MOCVD
techniques, vacuum evaporation, flash evaporation and spray
pyrolysis [17, 18]. Spray pyrolysis is a simple inexpensive
method especially for substances which have water soluble
salts. So we have used this method to obtain ZnS thin films
on glass substrate. The objectives of this paper are to study
the effect of copper content on the microstructure, optical
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parameters and photo luminescence of ZnS films for
photoelectronic applications.

2 Materials and Methods

Pure and doped ZnS thin films were prepared on glass
substrates. The spraying solution can be prepared by solving
zinc acetate [Zn(CH3COO)2(1.097g), thiourea [SC(NH2)2]
(0.3805 g) & copper chloride [CuCl2.2H20](0.852 g) in the
distilled water to prepared solution with molarities (0.1). The
substrate temperature at 270 °C was controlled using the Ni
(NiCr thermocouples) thermocouple. The content of Cu in
the Zni1xCuxS films are controlled by fixing all the weights
of the dissolved materials and fixing the procedure of
reaction process as mentioned in the preparation method of
the solution. The authors used molecular weights
calculations to change the atomic content of Cu in the Zni-
xCuxS films. The deposition time for one layer being about 2
sec. The spraying process was done in the absence of air
flow. The thickness of the film is measured by spectroscopic
ellipsometry technique. After 20 minutes (about 600 layers),
the thickness of all prepared films varied between 100-110
nm. The elemental composition of the films was analyzed by
using energy dispersive X-ray spectrometer unit (EDAX)
interfaced with a scanning electron microscope, SEM (JEOL
JSM-6360LA, Japan) operating an accelerating voltage of 30
kV, which was used to study the morphology of the film. The
structure of the prepared samples was analyzed by XRD
analysis (Philips X-ray diffractometry (1710)) with Ni-
filtered Cu Ko radiation with A = 0.15418 nm). Using a
computer-controlled spectrophotometer with dual beams
(Shimadzu UV-2101 combined with PC), transmittance and
reflectance measurements are performed in the wavelength
range of 300 to 2500 nm under normal light incident
conditions. Room temperature photoluminescence (PL)
Using a Jobin Yvon H25 fluorescence spectrophotometer
with a 325 nm He-Cd laser line as the excitation source, the
powder samples were measured to characterize the
luminescence characteristics of the nanoparticles.

3 Results and Discussion

3.1 Structural Analysis

The typical EDAX spectra of ZnS and
Zn0.94Cu0.06S and Zn0.90Cu0.10S films are shown in
Figure 1 (a, b, and c¢), respectively. The observed peaks
indicate the stoichiometric composition of Cd, S, and Cu.
The typical EDAX spectra of ZnS, Zn0.94Cu0.06S and
Zn0.90Cu0.10S films are shown in Figure 1 (a, b, and c),
respectively. The observed peaks indicate the
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Fig. 1: EDAX spectra for (a) ZnS, (b) Zno.ssCuo.04S, and (c)
Z10.90Cuo.10S thin films.
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Fig. 2: XRD patterns of Zn q1-xCuxS thin films.

stoichiometric composition of Cd, S and Cu. It can be seen
that in the CdS1-xCux system, the content of Cu increases
with the increase of Cu concentration; this indicates that
Cu2+ ions have successfully included the acceptor into the
ZnS lattice. These results are very consistent with the
experimental composition used in the current system.

The X-ray diffraction pattern of the obtained Znl-
xCuxS (x=0.0, 0.02, 0.04, 0.06, 0.08, 0.10) sample is shown
in Figure 2. The 0.0, 0.02, and 0.04 XRD patterns are similar
to a single phase without other phases or oxides with a cubic
zinc mixture structure. For films with x = 0.6, 0.08, and 0.10
and a high percentage of copper ions in ZnS, the XRD
pattern shows a polycrystalline structure and a mixture of
cubic and hexagonal ZnS and a small amount of copper
sulfide (CuS) secondary phase according to the American
taste material Standard (ASTM) card [JCPDS-ICDD
document No. 96-500-0089 for cubic ZnS, No. 96-101-1197
for hexagonal ZnS and No. 96, -900- is observed at (x =0.10)
0524 is used for CuS]. As the Cu concentration increases, the
strength of the Zn1-xCuxS film decreases.

The thin film scanning electron microscope images (SEM)
of ZnS, Zn0.96Cu0.04S and Zn0.90Cu0.10S are shown in
Figure 3 (a, b, and C). It is found that the density of thin film
ZnS is lower than that of thin film ZnS:Cu. However, as the
Cu dopant concentration increases, a denser ZnS:Cu film can
be obtained. The value of average grain size increases
significantly with the increase of Cu content [24]. El-Sayed
et al. [25] This phenomenon has also been observed in Cu-
doped ZnO films grown on glass substrates using the sol-gel
method.

3.2 Optical Characterization
3.2.1 Refractive Index and Optical Band Gap
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20 EVxXZ0.000 200 nm

Fig. 3: Scanning electron microscope images (SEM) of (a)
ZnS, (b) Zno.96Cuo.04S, () Zno.90Cuao.10S thin films.

The optical transmittance, 7(4) and reflectance, R(1)
spectrum of UV-VIS-NIR of ZnixCuxS (x = 0, 0.02, 0.04,
0.06, 0.08, and 0.10 at. %) of the as deposited films are
shown in Fig. 5. One can see that the transmittance is
generally increased with increased wavelength and in the
visible region there is transparency. Additionally, the
smoothing of the transmission spectrum confirmed excellent
quality and homogeneity for these Cu doped ZnS thin films
[19, 20]. The transmission spectrum in the VIS-NIR regions
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varies from about 0.857 for the first film (with x = 0 at. %)
to 0.789 for the last film (with x = 0.10 at. %). The high
transmittance properties in the VIS-NIR regions allow for
the use of thin films in modern applications such as thermal
control of window coatings and also for anti-reflective
coatings. On the other hand, reflectance rises significantly
from 0.13 (with x = 0 at.%) to roughly 0.17 in the VIS-NIR
regions (with x = 0.10 %). The refractive index (n) is also an
important parameter for practical applications relating to the
electronic polarization of the ions as the electrical field
within the material wall.

The refractive index (7) of the examined thin films was
determined wusing only the experimentally measured
transmission data [26-28], based on the envelope method
proposed by Swanepoel,more details about the Swanepoel's
method in referense [26-28].

Based on envelop method the index of refraction »n can be
determined at any wavelength utilizing the next formula [26-
28]:

2
I, —Tm)]+[S +1

(T M Tm ) 2

2
(Y Y

22
Ty Iy) 2 =

n(A)=25

()
where S is the index of refraction of the substrate, which can
be determined in terms of transmission of substrate. Ty from
the relationship [29]:

s(A) =T, ()" + (T, (1)~ -1
)
and the T s (/1) at any wavelength can be determined in

terms of the polynomial fitting of third order as follows:
T (4)=0.8914-8.024x10° 1 +6.138x10° 12 ~1.38877x10™"' 1’

Fig.7 shows the dependence of the refractive index, n of
Zn1xCuxS (x=0, 0.02, 0.04, 0.06, 0.08, and 0.10 at. percent)
films on wavelength. It is obvious that n is reduced for all
films with an increase of A and it increases with an increase
in concentration of Cu. The explanation for this behavior
may be due to an increase in the number of atoms at
interstitial locations, resulting in impurity form dispersing
centers in the films under investigation [30, 31]. Now, to get
the refractive index-wave length dependence over the whole
spectral range, the well-known two-term Cauchy function,
n(\) = B + A/A? can be used. According to this function,
refractive index n can be fitted, see Fig. 4.The resultant
values of Cauchy coefficients, A and B are shown in the inset
of Fig. 5.

The absorption coefficient, on the other hand, is defined
as a measure of the percentage of loss in light directly at a
given thickness from the falling beam. The absorption
coefficient, a(1) can be calculated in a strong absorption
region using the spectra of 7(4) and R(1) [32, 33] as follows:
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Fig. 4: The optical transmittance 7(4) dependence of wavelength 4
for (a) ZnS, (b) Zno_%CLIo_o4S, (C) Z10.90Cug.10S thin films with the
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Fig. 5: The refractive index n with wavelength A of Zn 1.yCuxS
thin films. The inset is a Cauchy coefficient.

© 2022 NSP
Natural Sciences Publishing Cor.



Int. J. Thin. Fil. Sci. Tec. 11, No. 2, 171-177 (2022) / http://www.naturalspublishing.com/Journals.asp

£ . S>3

Where the film thickness is d (cm). Fig. 6 illuminates the o
vs ho for the Zni1xCuxS films. One can see that with increased
concentration of Cu the value a increases. The optical energy
band can be calculated using the values of the absorption
coefficient (o) according to the following formula [29] in
order to verify the optical transition nature of ZnixCuxS as-
deposited thin films.
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Fig. 6: The absorption coefficient o with the photon energy

hv for Zn (1-xyCuxS thin films.
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Where K is an independent parameter for the individual

a(hv)=

transitions [34], E ;pt is the optical energy gap and m is a

number identifying the transition type. Different authors [35-
37] recommended different m values, such as m = 2 for the
majority of amorphous semiconductors (indirect transition)
and m = ' for most crystalline semiconductors (direct
transition). The direct transition is valid for different film of
ZnixCuxS. Figure 7 illustrates the best fit of (cthv)? vs. h v for
varying concentration of Cu on Zn1xCuxS films.

The direct optical band gap may be taken as the of (o. /41)?
against. (1) at (o 1v)? = 0. For each film the result is shown

- opt L

in Fig. 10. The E gp reduces as Cu concentration increases

in ZnixCuxS film. Possibly the decrease in the value of
opt . . . . .

E gp can be due to the inclusion of Cu ions in the lattice,

which results in the bandgap acceptor levels. In II-VI
materials the acceptor rates fall and join the valence band
which causes the valence band to expand into the prohibited
region which reduces the bandgap, related trend has been

illustrated [38-40]. Also, this decrease in E ;)pt with Cu

dopant can be attributed to the increase in pores and the

compositional modifications, which can result in lower

density and polarizability. The observed E ;pl results are

well consistent with preceding studies [41, 42].

The extinction coefficient (k) of the ZnixCuxS films
were evaluated from the absorption and using the
relationship a = 4nk/A. where A is wavelength and a is
absorption coefficient. The influence of the ZnS thin film Cu
dopant on the k can be seen in Fig. 8. It's obvious that the k
increases with the Cu content increasing.
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Fig. 7: (ahv)? vs. photon energy hv for Zn 1-xCuxS thin
films.
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4 Conclusions

In this study, ZnS and Cu incorporated at (0.02,
0.04, 0.06, 0.08, and 0.10 at. %) thin films were growth onto
hot glass substrates at substrates temperature 275 °C with
thickness about 110 nm by chemical spray pyrolysis
technique. EDAX spectra indicate that the Cu?" ions have
successfully included acceptor into the ZnS lattice. The
obtained X-ray diffraction patterns for Zni-xCuxS indicated
for x =0.0, 0.02 and 0.04 a single phase with no other phases
or oxides having a cubic zinc blend structure. But for films
for x=0.6, 0.08 and 0.10 with a higher percentage of copper
ions in ZnS, the XRD pattern shows a polycrystalline
structure and a mixture of cubic and hexagonal phases for
ZnS and a small traces of copper sulphide (CuS) phase.
Using the method of envelop for transmission spectra using
fitting exponential of first order for both 7m and 7w, the
refractive index of films was calculated. The optical band
gaps for the direct transition were estimate and it was 3.44
eV for pure ZnS and decreased with increasing Cu
concentration from 3.44 to 3.32 eV. All these The changes
of all optical parameters were discussed in terms of
microstructure parameters for optoelectronic applications.
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