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ABSTRACT

This study focuses on the deposition of thin films of copper zinc tin sulphide (CZTS) on
uncoated soda lime glass (SLG) substrates, followed by comprehensive characterisations using
X-ray diffraction (XRD), Raman spectroscopy, and UV-V is spectroscopy. The XRD and Raman
results revealed the presence of kesterite CZTS and secondaty phases such as SnS (TS), ZnS, and
CuSnS (CTS) of the grown thin films, providing valuable insights into the crystalline structure of
the samples. UV-V is spectroscopy demonstrated that the transmittance of some of the samples
exceeded 90 % in the visible region, indicating their potential for transparent and efficient
electronic and optoelectronic applications. Furthermore, the effect of both thickness and
annealing temperature on the optical energy gap (E;) were studied. The allowed direct optical
energy gap was found to be in the range of 2.30 to 2.94 ¢V for the as-deposited samples and 1.82
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to 2.91 eV for the annealed samples.

INTRODUCTION

Presently, solar cells based on thin films such as Copper
Indium Gallium Sulphide (CIGS) and Copper Indium
Gallium (CdTe) have already achieved impressive power
conversion efficiencies of about 15-20% in the laboratory
(Moon et al., 2029). Unfortunately, the semiconductor
materials commonly used for their production are toxic,
rare, or expensive (e.g., Indium, Tellurium, etc.) (Kwak ct
al., 2020; Stamford and Azapagic, 2019). For the long-
term viability of thin film solar cells, alternative materials
are therefore needed. To compete with the above-
mentioned popular materials, these materials must be
relatively non-toxic, abundant, and cheap. One such
material is Copper Zinc Tin Sulphide (Cu2ZnSnS4 or
CZTS). CZTS is a quaternary structured semiconductor
that is like Copper Indium Sulphide (CIS) and CIGS; the
Indium in the ternary structure of CIS has been replaced
with Zinc (Zn) and Tin (Sn) (Chander ¢ al, 2024,
Sadanand ¢ al, 2020). Zn and Sn are much more
abundant in the earth’s crust than Indium (75 ppm for Zn
and 2.2 parts per million (ppm) for Tin (Sn) compared
with 0.05 ppm for Indium). CZTS is a promising thin-
film material for solar cells and other optoelectronic
devices (Behera and Mohan, 2019). It has gained attention
due to its potential advantages over other materials, such
as its abundance of constituent elements because CZTS is
composed of coppet, zinc, tin, and sulfur, which are
relatively abundant and low-cost elements compared to
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some other thin-film materials like cadmium telluride
(CdTe) or copper indium gallium selenide (CIGS).
Furthermore, unlike some thin-film materials containing
toxic elements (e.g, cadmium in CdTe), CZTS is
considered environmentally friendly, which can be
advantageous for large-scale deployment and end-of-life
disposal. CZTS has a tunable bandgap of 1.4 to 1.5 eV
(Gezin et al., 2020, Prabeesha ez al., 2020; Park ez al., 2020),
which means its optical and electronic properties can be
adjusted to optimize its performance for solar energy
conversion applications. This material also has a high
absorption coefficient (>10* cm™) for sunlight, allowing
for efficient light absorption in thin layers (Hameed ez a/,
2020; Ahmadi e7 al, 2022; Abdullahi ez a/l, 2020; Balaji ez
al., 2020). Therefore, only a few microns thick layer of
CZTS can absorb all the photons with energies above its
band gap.

It is worthy of note that to create CZTS thin films, most
methods have focused on inter-diffusing and sulfidizing a
stack of films that were put onto glass substrates that were
either bare or Mo-coated. The mechanisms leading to the
production of CZTS can be straightforward, but they can
also be intricate, including a careful balancing act between
inter-diffusion, evaporation, sublimation, alloying, and
reaction. 'The formation of other phases during the
process of reaching thermodynamic equilibrium and their
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potential persistence as impurity phases in the film can be
contingent upon the specifics of the deposition technique.
It is known that several binary and ternary phases of
Copper Tin Sulphides (CT/CTS) can be formed from
even the most basic copper-tin combinations. These
include CqunS3, CqunS4, Cu4SnS4, Cqun387, and Cuz,xs.
In the deposition of CZTS thin films, the existence of
these phases is, therefore, expected (Ahmad e a/., 2021;
Dong et al., 2023; Olalekan ez al., 2021). ZTS thin films
can be deposited using vacuum and non-vacuum-based
techniques such as thermal evaporation (Gansukh ez a/,
2018), RF sputtering (Behera and Mohan, 2019; Sultana ez
al., 2022; Demir, 2021), pulsed laser deposition (Yeh,
20106), spray pyrolysis (Gadallah et al, 2018),
Electrodeposition (Ahmed ez a/., 2022), so-gel spin coating
(Jagdish et al.; 2023; Bzealigo et al, 2017; Yang et al., 2022,
Rabeh ¢z al, 2013) and SILAR (Sanchez, 2016). These
vacuum-based techniques can deposit high-quality CZTS
thin films on glass or plastic substrates but require
complicated equipment to maintain vacuum and high
process temperatures. Among these, the spin-coating
method has the advantages of simple construction, low
cost, ecological safety, and large-scale deposition of
different semiconductor thin films.

In this communication, we report on the structural,
optical, and electrical properties of CZTS thin films
prepared by sol-gel spin coating technique on uncoated
soda lime glass substrates and annealed under a Nitrogen
atmosphere at 450 °C for 1 hour.

MATERIALS AND METHODS

Preparation of the sol-gel precursors

The CZTS precursor solutions for spin coating were
prepared from copper (II) chloride dihydrate, zinc (II)
chloride, tin (II) chloride dihydrate, and thiourea (which
will act as a sulphur source) in a 2-methoxy ethanol
solvent, to which monoethyl amine (MEA) was added as
a dispersant to prevent the formation of precipitates. To
achieve this, CuCly .2H,O and SnCl, 2H>O were first
dissolved in 50 ml of 2-methoxyl ethanol at 40°C under
rigorous magnetic stirring until a bluish-green solution was
obtained. Next, ZnCl, was added while stirring until
completely dissolved, resulting in a light-greenish-yellow
solution, which indicates that ZnCl, facilitates a redox
reaction between Cu?* and Sn?* ions. Finally, thiourea
was added to prevent the possible formation of secondary
phases and the loss of sulphur. The solution, after being
filtered was kept in an airtight container at room
temperature for 24 hours. The stoichiometric solution
was prepared with a Cu: Zn: Sn: S ratio of 2:1:1:4.

Substrate cleaning

The bare soda-lime glass (SLG) substrates (25 X 10 mm)
(alcohol,

acetone), distilled water, ethanol, and isopropanol and

were cleaned ultrasonically in detergents

dried under flowing nitrogen.
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Deposition of the CZTS material by sol-gel spin
coating

Before spin coating, the solvent was evaporated from the
precursor solutions by heating at 100°C for about 30 to 60
minutes.  High spinning speeds of 1350 to 3000
revolutions per minute (rpm) were then used for about 30
seconds to ensure that the precursor fluid was spread
evenly over the substrate by centrifugal force. This
procedute was repeated until the desired film thickness of
450, 550, and 650nm was achieved. In all, six samples
were prepared, three as-deposited samples of 450, 550,
and 650nm thickness and three annealed samples also of

450, 550, and 650nm thickness.
Heat treatment (annealing)

The deposited samples of 450 nm, 550 nm, and 650
nmhick were then annealed under a nitrogen (Ny)
atmosphere at a temperature of 450 °C for 1 hour and then
allowed to cool at room temperature. For the annealing
process, the samples were carefully inserted into a glass
pipe of 2 inches in diameter and 36 inches in length in such
a way as to ensure a uniform temperature distribution
throughout the samples. The glass pipe was inserted into
the furnace tube, which was evacuated and filled with
flowing N2 gas at a flow rate of 0.5 standard cubic
centimetres per minute (sccm). After setting the annealing
temperature and ramp rate, the furnace was turned on. It
was heated at a maximum rate of 100 °C/s to a working
temperature of 450 °C for 10 minutes. Subsequently, the
furnace was switched off, and the chamber was left to cool
naturally to room temperature. Once cooled, the glass
tube containing the samples was carefully removed.

Characterization of the samples

To investigate the properties of the films, the following
analytical techniques were employed:

Structural characterization

X-ray diffraction (XRD) patterns of the films were
obtained using Xpert Pro diffractometer. The instrument
operates with a Cu X-ray source, monochromatic (Ka,
1.54 A). The samples were analysed with a glancing
incident angle (8) of 1°. The Joint Committee on Powder
Diffraction Standards (JCPDS) was used to determine the
crystal structure adopted. Raman spectrometry was
performed using a Renishaw 1000 spectrometer using a
514 nm wavelength. The Raman system was calibrated
using a silicon reference. Microstructure and the Energy-
Dispersive-X-ray (EDX) of the films were examined by
EVO®MA-10 scanning electron microscope at a
resolution of 5000 - 10000%. Elemental compositions of
the samples such as Cu/(Zn+Sn) Ratio that represents the
relative abundance of copper (Cu) compared to the
combined content of zinc (Zn) and tin (Sn), the Zn/Sn
ratio which reflects the proportion of zinc (Zn) to tin (Sn)
in the CZTS compound and metal/Sn ratio which
represents the relative abundance of Cu and Zn with
respect to Sn in the films were also calculated. Using the

Abdullahi et al., /USci, 3(4): 001 — 018, March 2025 2


https://scientifica.umyu.edu.ng/

UMYU Scientifica, Vol. 4 NO. 1, March 2025, Pp 001 — 018

Veeco Dektak profile meter, the thickness and surface
roughness of the samples were determined.

Optical characterisation

The reflectance, absorbance, and transmittance spectra of
all the samples were recorded using a UV-VIS-NIR
spectrophotometer (Avaspec 2048). To cover both the
visible and the infrared range of the spectrum, the
wavelength region was set between 190nm to 1000nm

Electrical characterization

The grown films were also subjected to electrical
characterization by the 4-point probe. The current was
supplied by a Crytronics model 120 current source with a
range of applied currents between 1pA to 100 mA.
Voltages were measured by a Keithley model 181-
nanovolt electrometer. The data obtained was used to
calculate the sheet resistance and resistivity of each
sample.

RESULTS AND DISCUSSION

Figures 1(a) and 1(b) illustrate the XRD patterns of the
deposited thin films of CZTS on uncoated SLG
substrates. In Figure la, the 450 nm and the 550nm
samples exhibited two broad but medium intensity peaks
at 20 = 30° and 43°, respectively. These peaks ate related
to CuSn (CT). Additionally, the 550nm sample shows a
low-intensity peak at 20=28°, which is related to kesterite
CZTS according to JCPDS card number 96-900-4751. In

the 650nm sample, only peaks related to CTS at 20 = 29°
and unidentified material at 20 = 40° have been observed.

In Figure 1b, it is observed that all the 3 samples display
peaks related to kesterite CZTS at various diffraction
angles. The 450nm sample shows peaks at 20=26°, 28°
29°, and 32°. These peaks are ascribed to ZnS and CZTS
as per reference codes 96-153-8616 and 96-900-4751 of
the JCPDS. The 550nm sample also showed peaks related
to ZnS, CZTS, and CTS indexed at reference codes 96-
153-8616, 96-900-4751, and 96-152-0945 in the JCPDS.
As shown in Figure 1b, the 650nm sample is composed of
CZTS and its secondaty phases. The peaks at 20=28° and
47° belong to kesterite CZTS, while those at 20=38° and
43° belong to CTS. Annealing under a nitrogen
atmosphere has improved the crystallinity of the films,
which is consistent with the average crystallite size
calculated using Scherretr’s equation, as listed in Table 1.
It is also reported (Otletskyi ef al, 20106) that an increase
in the intensity of peaks of CZTS thin films may be related
to the change from wurtzite to kesterite.

Calculating the size of the crystallites is done by using the
Scherrer formula according to the location and the
FWHM of the main diffraction peak by using Equation [1]
(Sanchez et al., 20106).

_ KA
b= BcosO (1)

where A (1.5406 Angstrom) is the wavelength of the X-
ray and [ is the full width at half maximum intensity in
radians, and K= 0.9
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Figure 1a: XRD Pattern of as-deposited (a) and annealed
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Figure 1b: XRD Pattern of as-deposited CZTS samples

Figures 2 (a) and 2 (b) display the Raman spectra of the
CZTS thin films. The presence of secondary phases in the
CZTS quaternary compound implies the formation of
entirely different crystal structures on nanoscopic ot
microscopic scales. Secondary crystallites such as CTS,
SnS, or even ZnS can hardly be distinguished from CZTS
compounds. Although XRD is the most common tool for
the determination of crystalline phases, there are situations
in which diffraction peaks of different phases nearly
overlap.  Therefore, Raman analysis is used as a
supplementary tool to distinguish and identify these
phases. In Figure 2a, the as-deposited samples show not
only kesterite CZTS at various wave numbers and
intensities but also the expected secondary phases. The
450nm sample shows TS, CZTS, and CTS at wave
numbers 215, 278, 551, and 337cm!. In this sample, the
CZTS is kesterite, while the CTS is tetragonal. In the
Raman spectra of the 550nm sample, Tetragonal CTS at
wave number 297 cm !, TS at 315 cm!, and CZTS at 338
and 368 cm™! were observed. For the 650nm sample, the
peaks observed at 290, 351, and 368 belong to the
monoclinic CTS and kesterite CZTS.

Figure 2b is the Raman spectra of CZTS thin films
annealed under a Nitrogen atmosphere. The 450nm
sample shows two peaks of kesterite CZTS at wave
numbers 287 and 338 cm ! and an additional peak at 352
cm! belonging to cubic ZnS. A different pattern has been
observed for the 550nm sample. Apart from the kesterite,
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CZTS peaks were observed at 338 cm! and 351 cml,
there also appeared a peak at 297 cm! belonging to
tetragonal CTS.

The annealed sample of 650nm shows a peak at 297 cm!
of tetragonal CTS and two peaks at 338 and 351 cm!
referred for kesterite CZTS. Itis noteworthy that the shift
in Raman peaks of CZTS thin films is related to the
transition from wurtzite to kesterite (Orletskyi ¢z al., 2010).

It can be seen from Table 1 that as the films get thicker,
so does the lattice parameter & for the as-deposited
samples of 450nm and 550nm thickness. The Joint
Committee on Powder Diffraction Standards (JCPDS) has
set a standard value of 0.5421 nm for a. The values
obtained for the as-deposited samples are highly like those
reported by (Otletskyi ez al, 2016) and (Batrragan et al,
2016). The film thickness can be the cause of the increase
in parameter 4. ‘The lattice parameter ¢ for the as-
deposited samples varies along with the film thickness.
According to JCPDS, the standard value of ¢ for CZTS is
1.0848 nm.

Additionally, the thickness of the as-deposited samples
influences the crystallite size (D). Among the samples, the
largest crystallite size is 650 nm. The range of values
obtained aligns with the parameters provided by Barragan
et al. (2016).

In Table 1, lattice parameters « and ¢ for the annealed
samples vary with the thickness. The crystallite size
increases with an increase in thickness.
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Figure 2b: Raman spectra of as-deposited CZTS samples
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Table 1: Summary of some structural parameters

Sample a (nm) ¢ (nm) c/a (nm) Crystallite size D (nm)
450nm As-dep 0.530 0.92 1.74 15.99
550nm As-dep 0.550 0.88 1.60 13.45
650nm As-dep 0.510 1.07 2.10 17.99
450nm annealed 0.600 1.09 1.82 10.58
550 nm annealed 0.530 1.06 2.00 36.70
650 nm annealed 0.542 1.08 1.99 36.70

Figures 3 (a), 3 (b), and 3 (c) display the SEM micrograph
for the as-deposited samples. The SEM micrograph in
Figure 3(a) reveals that the surface morphology of this film
exhibits agglomerations of small grains with some voids in
between. Islands and fine grains were found on the
surface, and some voids wete found at the glass/CZTS
interface, as shown in Figure 3 (b). This is a common

appearance of the CZTS thin film. In this case, a vast
volume expansion during the annealing process causes a
poor interface and rough surface. Additionally, uniform,
homogeneous and pinhole-free grains were also observed.
The morphological studies also show that the as-deposited
films of 650nm thickness, or Higure 3 (c), have an absence
of well-defined grains with voids.

Figure 3: Morphology of the CZTS as- depos1ted samples of (a) 450nm, (b) 550nm and (c) 650nm

In Figure 4 (a), the film tends to grow with grains grouped
in clusters of different sizes. Iigure 4 (b) showed spherical
grains within the diameter range of 100 nm to 300 nm and
randomly oriented particle sizes were in accordance as
calculated from the x-ray diffraction. The bright spots
seen suggest the formation of ZnS within the sample.
Large crystallites are often accompanied by the presence
of secondary phases, which do not allow cells to reach
high efficiency (Khushaim e a/, 2021). The

microstructure of the annealed 650nm film is shown in

Figure 4 (c) which reveals the presence of a dense surface
associated with the presence of a porous structure as well
as significant clear grains. There is a substantial number
of voids within the sample which could be controlled by
adjusting thermal treatment (Olgar ¢# a/, 2020). This is
most likely due to a high material loss during the annealing
process (Ziti ez al,, 2018). Furthermore, Figure 4 () reveals
a flower-like structure, which is reported to be the
consequence of annealing.

) ; : & . .
Figure 4: Morphology of the CZTS as-deposited samples of (a) 450nm, (b) 550nm and (c) 650nm

The elemental composition of the prepared films was
obtained by using EDX at different zones on the surface
of each sample, and the corresponding average values of
the atomic percentages of Cu, Sn, S, and Zn elements are
shown in Table 2. Knowing that the composition ratios
of the optimized CZTS solar cell efficiency are Cu/(Zn +
Sn) = 0.8 0.9, Zn/Sn = 1.1-1.3, and metal/S = 1.8 (Ma
¢t al., 2020). These ratios ate desired for CZTS-based solat
cell applications since this composition allows the

https:/ /scientifica.umyu.edu.ng/

formation of Cu vacancies (VCu) and antisite defects
(ZnCu) in the structure and has a beneficial impact on the
cell performance (Ziti e/ al., 2018; Diwate e/ al., 2017).

Figures 5 (a) and 5 (b) represent the optical transmittance
of the CZTS thin films deposited by the spin coating
method in the visible range of 250 - 850 nm. Film
thickness plays an important role in the transmittance of
CZTS thin films. The average transmittance (at a

Abdullahi et al., /USci, 3(4): 001 — 018, March 2025 6
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wavelength of 750nm) of the 3 as-deposited samples of
450, 550, and 650nm is 7.90, 12.50, and 24.64%,
respectively. This shows that transmittance increases with
thickness. This pattern of transmittance increasing with
thickness has also been shown by the annealed samples.
The average transmittance at a wavelength of 750nm of
the three as-deposited samples is 2.62%, 15.6%, and
24.04%. An increase in transmittance because of an
increase in film thickness is attributed to the presence of
more atoms, which make more states available for the
photons to be absorbed in thicker films, as reported by
(Aksoy et al., 2009).

Using Tauc plots, the optical bandgap (E,) for the as
deposited and annealed CZTS thin films has been
determined and shown in Figures 6 (a) and 6 (b). In the
direct transition semiconductors such as CZTS, a and the
optical energy band gap (Ej) are related by Equation [2]
by (Salunkhe ez al., 2009).

a.E~(hv — E)"/? )

Where h is Planck’s constant and v is the frequency of the
incident photon.

For the as-deposited samples (Figure 6a), the band gap
increases with an increase in film thickness and was found
in the range of 2.30 eV to 2.94 ¢V. In Figure 6 (b), the
band gap varies with the annealing temperature. The band
gaps for the annealed samples of 450, 550, and 650 nm are
2.42,1.82, and 2.91 eV, respectively. The observed band
gaps are more than or higher than the theoretical value for
CZTS thin films (1.5 to 1.6 eV) (Paul e al, 2024; El
Mahboub e7 al., 2024; Islam e al., 2024). The higher band
gap values may be due to the quantum confinement
effects arising due to the nanoscale nature of the particles
constituting the films (Maheshwari e7 a/, 2015). The
presence of secondary phases may also be associated with

the higher values of the band gap.

Several factors could be responsible for the variation in Eg
following annealing. First, because of thermal expansion,
electrons acquire a periodic potential; as a result,
temperature affects the electronic band structure and
energy gap. Second, lattice vibrations' impact on the
electronic band structure and energy gap is temperature-
dependent. These two variables are equally significant in
determining how Ej changes during annealing. Ej

renormalization could be another factor. The Ej
narrowing is explained by mutual exchange, Coulomb
interactions between the free electrons in the conduction
band and electron impurity scattering, and the Ej
renormalization model in degenerate semiconductors.
This makes it easier for the conduction energy to decrease.
The decrease in energy band gap because of annealing (as
observed for annealed samples of 450 and 550 nm) has
been reported by (Hassanien and Aki, 2019) and (El
Radaf, 2020). They have attributed this phenomenon to
the removal of the defect levels due to chemical

The optical reflectance for the CZTS thin films has also
been analysed, as shown in Figures 7 (a) and 7 (b). Within
the visible range, the as-deposited samples have shown
high reflectance of the incident light. The average
reflectance shown by these samples is 50.64, 56.61, and
62.90% for the 450, 550, and 650nm samples. This shows
that the reflectance increases with film thickness. An
average reflectance of 82.12, 78.79 and 82.58% has also
been observed for the annealed samples. High reflectance
is an indication that there is a high scattering of light on
the samples. Another reason for the high reflectance
could be the coherence between the primary light beam
and the beam reflected between the film boundaries is lost
and results in the disappearance of interference which in
turn decreases the transmittance.

The extinction coefficient (K) shows how a material
absorbs light or measures the amount of light lost due to
scattering and absorption per unit volume. Change in the
extinction coefficient of the samples shows that a fraction
of light was lost to scattering. In Figure 8 (a), the
extinction coefficient varies with thickness for the as-
deposited samples. Variation in (k) has also been observed
in Figure 8 (b), tepresenting annealed samples of the
CZTS thin films. This variation can also be related to the
thermally induced growth of grains, which increases the
packing density, as suggested by (Al-Zahraini, 2020). It
has also been reported (Rahman and Khan, 2014) that
small k-values in the visible and NIR regions can be
attributed to higher transmission values at lower energies.
This affirms that the samples are good transparent films.

Equation [3] (Islam e al, 2013; Feng e al., 2016) can be
used to calculate the absorption coefficient. Apart from
representing the probability of a photon being absorbed
as it passes through a material, the absorption coefficient
also expresses the strength of light absorption at a given
wavelength in a material. Tigures 9 (a) and 9 (b) display
the absorption spectra for CZTS thin films. These Figures
show results that are within the wavelength range found
in the literature. As known, the valence electrons in the
conduction band can only be excited by photons with
energy greater than or equal to the energy band gap (Ey).
In the visible wavelength region, the absorption
coefficient of all the as-deposited and annealed samples of
the CZTS thin films is higher or greater thanl X
107*cm™1. Therefore, improving energy conversion is
made simpler by a direct band gap semiconductor's high
absorption coefficient. Furthermore, Transitions between
extended states in both valence and conduction bands may
be responsible for the larger values of the absorption
coefficients.

1, |am? | ra-mr | o\
a—dln[ 2T +(4T2 +R) )

Where d is the film thickness.

As shown in Figures 8 and 9, the behaviour of the
extinction coefficient is relatively similar to that of the

compounds and thermally induced defects. absorption  coefficient, where they are directly
proportional to each other (k & a).
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Sample S(at%) Cu(at%) Zn(at%) Sn(at%) Cu/(Zn+Sn) Zn/Sn Metal/Sn
450nm As-dep 9.46 5.73 61.52 23.28 0.0675708 2.642612  2.88874
550nm As-dep 20.90 28.6 23.25 27.25 0.5663366 0.853211  1.90275
650nm As-dep 16.44 24.86 33.90 24.79 0.4235815 1.367487  2.37031
450nm annealed  11.77 25.52 44.07 18.63 0.4070175 2.365539  3.73537
550 nm annealed  9.53 10.59 19.50 13.70 0.3189759 1.423358  2.19635
650 nm annealed  17.20 25.66 31.52 25.62 0.4490725 1.230289  2.23185
450 nm
550 nm
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Figure 5a: Optical Transmittance of as-deposited and annealed
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Figure 5b: Optical Transmittance of as-deposited CZTS samples
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Figure 6b: Optical band gap of as-deposited CZTS samples
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Figure 7b: Optical reflectance of as-deposited CZTS samples.
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Figure 8a: Extinction coefficient of as-deposited and annealed
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Figure 8b: Extinction coefficient of as-deposited CZT'S samples
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Figure 9a: Absorption coefficient of as-deposited and annealed
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Figure 9b: Absorption coefficient of as-deposited CZTS samples

Figures 10 (a) and 10 (b) show the refractive index (n) bent or refracted when it enters the CZTS thin films. It
versus wavelength, which represents how much light is is a critical optical property that characterizes how light
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interacts with the material. This parameter can be

determined from Equation [4] by (Zhou ¢7 al, 2013).
1+VR

n, =% Q)

It is clear that n, varies for the as-deposited samples. For

the annealed samples, N, decreases with an increase in

thickness and the wavelength in the range of 300—800 nm.

There might be more voids in the samples, which would
explain the drop in the refractive index (n,). It is
noteworthy that the density of voids is the primary factor
influencing n,. The annealing process appears to enhance
N, suggesting that n,. of CZTS thin films can be adjusted.

Table 3 summarises the Urbach Energy (E.) Refractive
index, Resistivity, and Sheet resistance of the CZTS thin
films.

Gupta ¢f al. (2023) stated that a sample's metal ratio may
also be the cause of a change in resistivity. It is possible
that the band gap region's shallow states, which cause the
production of donors and acceptors and ultimately self-
compensation, are the cause of the high resistivity.
(AlKhalifah ez al, 2020) reported that the decrease in
crystal defects may be the cause of the resistivity decrease
seen in certain samples. The reported resistivities are
consistent with the results of (Zhang ¢/ al, 2022). The
sheet resistance increases with film thickness for the as-
deposited samples. The degree of crystallization may be
responsible for this. According to (Ahmadi ez a/, 2022),
the presence of ternary phases may be responsible for the
variation in the resistivity of the samples

The Utrbach energy (E.) characterizes the extent of
disorder in a material as well as provides insights into the
electronic structure and optical properties. Generally,

higher Urbach energy indicates more disorder or defects
in the material. Furthermore, E, plays a vital part in the
process of discovering solutions to band tailing problems
associated with structural disorder, phonons, excitons, and
contaminants. Urbach’s tail refers to the absorption edge
that is below the energy gap, which rises exponentially.
The Urbach energy is explained within the context of
Einstein’s model, and it is possible to condense it into an
empirical formula represented in Equation [5] by
(Ganshuk ez al., 2020).

@ = aoexp (1) ©
where @ is a constant, E;; denotes an energy which is
tixed and interpreted as the width of the tail of localized
states in the band gap. The Utrbach energyE;, can be
estimated from the slope of the straight line of plotting
In(e) versus incident photon energy, hv

The Urbach energies of the as-deposited and the annealed
samples of CZTS thin films were determined from Figures
11 (a) and 11 (b). In both Figures, Ln (a) increases with
an increase in the photon energy, which suggests that the
absorption coefficient increases nonlinearly —with
increasing photon energy. This might suggest a regime
where higher energy photons are more readily absorbed.
It is observed from Figure 11 (a) that Ln («) increases with
an increase in energy. This pattern has also been obsetrved
for the annealed samples.

The variation in EU values with the increase in film
thickness could be attributed to the increase in film
disorder, which deepens the band tail that extends in the
gap (Sultana er al, 2022). Variation in E, can also be
attributed to the more rigid molecular geometry and the
compact intermolecular packing (Sanchez ¢# a/., 2016).
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Figure 10a: Refractive index of as-deposited and annealed
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Table 3: Urbach energy and refractive index

Sample Urbach Refractive index Resistivity Sheet Resistance
Energy (Ev) (n) (2 cm) (/o)

450 nm as-deposited 0.8435 1.12 4.1 x103Q cm 0.02 X 103Q2/o
550 nm as-deposited 0.8823 1.12 6.0 X 103Q cm 0.03 x 103Q/o
650 nm as-deposited 0.7989 1.11 1.4 X 103Q cm 0.07 x 103Q/o
450 nm annealed 0.8442 1.16 14680 X 103Q cm 0.25 X 103Q/o
550 nm annealed 0.9018 1.15 35320 X 103Q cm 0.15 X 103Q /o
650 nm annealed 0.7705 1.14 280 X 10-3Q2 cm 0.015 x 103Q/o

CONCLUSION

In conclusion, the deposition of thin films of copper zinc
tin sulphide (CZTS) on uncoated soda lime glass
substrates has been successfully cartied out and
thoroughly characterized using X-ray diffraction (XRD),
Raman spectroscopy, and UV-Vis spectroscopy. The
presence of kesterite CZTS and secondary phases such as
SnS (TS), ZnS, and CuSnS (CTS) in the grown thin films
has been identified, providing valuable insights into their
crystalline structure. The UV-Vis spectroscopy results
indicate that some of the samples exhibit high
transmittance (>90%) in the visible region, highlighting

https:/ /scientifica.umyu.edu.ng/

their potential for transparent and efficient electronic and
optoelectronic applications. Additionally, the study of the
effect of thickness and annealing temperature on the
optical energy gap (Eg) revealed a range of values, with the
annealed samples exhibiting narrower energy gaps
compared to the as-deposited ones. These findings
contribute to our understanding of CZTS thin film
properties and offer important considerations for
optimizing their performance in various applications.
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