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Abstract

Zinc Oxide thin film was successfully deposited using chemical bath deposition method. The
optical and morphological measurements were reported using ultra-violet visible
spectrophotometer and Scanning Electron Microscope respectively. The elemental composition
was investigated using Energy Dispersive X-ray and the result showed peaks corresponding to
the two main elements (Zinc and Oxygen) only, signifying the purity of the deposited films.
The optical property was observed to depend on the deposition times and temperature. The
films’ percentage transmittance was observed to reduce with increasing deposition time, with
the film sample deposited for 30 min exhibiting the highest percentage transmittance of 82.7%
among the samples deposited for the same temperature. Reduction in the deposition
temperature to 60 °C increased the films’ transmittance to the highest value of 84.8%. The direct
band gap energy values increased from 3.47 to 3.51 eV when the deposition time was increased
from 30 to 60 min and reduced to 3.46 eV when the deposition temperature was reduced from
70°C to 60°C. Urbach energy was deduced from its exponential relationship with photon energy
and the result showed that the value increase with increasing deposition time but decreased with
deposition temperature. These results from this study revealed that ZnO thin film possessed the
required properties suitable for its application as transmission conducting oxide in solar cells.
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Introduction:

Over the past century, Zinc oxide (ZnO) has
received extensive attention as a result of its
interesting optical, chemical, and electrical
properties, as well as its non-toxic, low-cost,
and abundant constituents. ZnO thin film has a
direct wide band gap energy of 3.37 eV at room
temperature and a large exciton binding energy
of 60 meV (Osanyinlusi et al., 2016). The large
band gap of ZnO allows for higher breakdown
voltages, sustenance of large electric fields,
high temperature, and high-power operation.
ZnO thin films have been widely employed in
several modern applications including, surface
acoustic wave systems, varistors, gas sensors,
solar cell transparent contact fabrications and
UV laser (Tangade et al., 2020).
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Among the different techniques that have been
used in preparing ZnO thin films are; thermal
evaporation (Memarian, 2017), chemical vapor
deposition (CVD) (Carlsson, et al., 2010),
vapor-liquid-solid (VLS) (Redwing, et al.,
2015), chemical bath deposition (Chai, 2009),
successive ionic layer adsorption (SILAR
(Patil, et al, 2017) and spray pyrolysis (Sahay,
et al, 2008). However, most of these techniques
mostly require special equipment, complex
process mechanism, or high temperatures,
which are unfavorable for industrialization
(Seshan, 2002). Chemical bath deposition
technique has been adjudged to be the most
attractive deposition method for the production
of uniform thin films over large areas because
of its simplicity, convenience and freedom
from vapor deposition associated with other
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high-temperature fabrication techniques (Chai,
2009).

A thin film comprises of one or more layers of
material with thickness in the order of
nanometer to several micrometers. Thin film
deposition is essential in different applications
requiring deposition of thin layer on a substrate
or on existing layers (Ohring, 2001).

The preparation of thin films using chemical
bath deposition (CBD) method involves
immersing a cleaned substrate in a heated
solution containing precursor metal salts and
other additives like the complexing agent. A
controlled chemical reaction will bring about
the deposition of the thin films on the substrate.
This method can be employed to deposit metal
oxides from aqueous solutions, usually alkaline
and contain a base (as a source of hydroxide), a
metal ion and a complexing agent to control the
hydrolysis of the metal ion (Winkler et al.,
2018). The properties of chemically deposited
thin films depend largely on the major process
parameters such as bath temperature,
deposition time and complexing agents
(Gonzalez-Chan, et al., 2019).

Some previous research works ascertained that
variations in the deposition time and
temperature have potential effect on the optical
properties of ZnO thin films. For instance,
Siregar et al., (2023) reported that with the
increase in deposition time of ZnO thin films
prepared by electroplating technique, the
values of transmittance decrease. They
associated this outcome to continuous coating
of the substrate with more ZnO atom leading to
increase in thickness as the dipping time
increases. This resulted in more frequent
collisions between light and ZnO particles
making it more difficult for light to pass
through. They also observed that the band gap
energy reduced with prolonged deposition
time. Ungula et al, (2024) also recently
investigated the influence of deposition time on
ZnO nanorod deposited unto GZO seed layer
using CBD technique. They discovered a
declining of percentage transmittance with
prolonged deposition time and attributed the
behaviour to enhanced film’s density with
longer deposition time. Some other researchers
have shown that deposition temperature has a
significant impact on the optical properties of
semiconductor thin films. Ke et al., (2014)
examined the effects of bath temperature on the
properties of ZnS thin films and reported that
the thickness of the films significantly increase
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with increased deposition temperature from 50
°C to 90 °C. They also reported an initial
decrease in band gap energy from 4.06 to 3.93
eV as deposition temperature increased from 50
°C to 70 °C, and later increased to 4.03 eV at 90
°C deposition temperature. To the best
knowledge of the researcher, little reports are
available regarding the effects of deposition
temperature on optical properties on ZnO thin
film. This study therefore aimed at
investigating the influence of deposition time
and temperature on the optical properties of
ZnO thin films.

Materials and Methods

Experimental Details

Chemical bath deposition technique was used
to deposit ZnO thin films unto a commercially
available glass slides with dimension 25.4
mmx76.2 mm. Before use, the glass slides were
ultrasonically =~ washed  using  acetone,
isopropanol and distilled water, in order to
remove dusts and other contaminants. Firstly,
50 ml 0.1 M zinc acetate dihydrate
(C4H604Zn.H,0) solution was prepared using
distilled water inside a 100 ml beaker and
stirred for 20 min using magnetic stirrer in
order to obtain a homogenous solution. Under
continuous stirring, ammonia solution was
added in drop, turning the solution milky but
become colourless with excess ammonia. The
pH of the bath was adjusted to 12.3 using an
earlier prepared 4 M sodium hydroxide
(NaOH) solution. Distilled water was
afterward added to the solution to make up 100
ml. The pre-cleaned glass slides were vertically
dipped into the solution and the temperature
maintained at 70 °C under continuous stirring
using magnetic stirrer with heater. The thin
films were subsequently removed after 30, 45
and 60 min, rinsed with isopropanol in order to
remove loosely attached particles and thereafter
air-dried. Following the same procedure,
another ZnO thin film sample was prepared for
60 min with the bath temperature maintained at
60°C in order to examine the impact of varying
deposition temperature. Finally, all the
prepared film samples were annealed at 200°C
for 2 hours in order to enhance the structural
quality and adherence to substrate. The samples
were labelled ZnO-1, ZnO-2 and ZnO-3 for
films deposited at 70°C for 30, 45, 60 min
respectively and ZnO-4 for film deposited at
60°C.
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The transmission and absorption measurements
were carried out using Uv-vis
spectrophotometer (SPECORD 200 PLUS
double beam Uv-vis spectrophotometer).
Surface morphology and elemental
composition were studied using scanning
electron microscopy coupled with energy
dispersive X-ray analysis (EDX) spectrometer
(JEOL JSM 7600F Field emission SEM).

Results and Discussion

Elemental Analysis

Energy Dispersive X-ray (EDX) analysis was
used to examine the elemental compositions of
the thin film. Figures 1 (a and b) shows the
EDX spectra for the ZnO-3 and ZnO-4 thin film

samples. The peaks of the spectra are quite
distinct and show the presence of the two major
elements; zinc and oxygen. There are no
observed peaks associated with any other
element, which signifies the purity of the
prepared films. The atomic percent of each
element was calculated using their respective
percentage weight. The calculated atomic
percent are, 49.42% (Zn) and 50.58% (O) for
the ZnO-3 sample as well as 45.79% (Zn) and
54.21% (0O), for ZnO-4 sample, indicating
Zn/O ratio of 0.98 and 0.85 respectively. This
result show that the prepared ZnO film possess
compositional ratio that is approximately close
to the stoichiometric composition within the
reasonable experimental error.

Figure 1: EDX spectra of (a) ZnO-3 and (b) ZnO-4 thin film sample.

Surface Morphology

The surface morphology of the prepared films was investigated using Scanning Electron Microscopy
(SEM). Figure 2 (a and b) presents the SEM micrographs for the ZnO-3 and ZnO-4 thin film
samples. It can be observed from the figure that the surface of the ZnO-3 film sample appears smooth
with inhomogeneous grains of different shapes. The film covers the substrate well with no visible
crack or pore. For the ZnO-4 sample, the surface looks more porous but compacted, and the grains
were observed to be of almost equal in size with spherical shape.
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Optical Properties
The optical properties of the prepared ZnO thin
film samples were determined from

transmittance measurements taken in the 300-
700 nm wavelength range. Figure 3 shows the
plot of transmittance against wavelength from
where the maximum visible transmittance of
82.7%, 78.1%, 73.3%, and 84.8% were
respectively observed for the ZnO-1, ZnO-2,
Zn0-3, and ZnO-4 samples. These observed
values of maximum transmittance are similar to
the value reported by Khelladi et al., (2013),
and are within the acceptable transmittance
values suitable for application as transmission
conductor oxide in optoelectronic devices like
solar cells (Cisneros-Contreras et al., 2023). It
is clear from the figure that deposition time
exhibits significant impact on the optical
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transmittance, with an increase in deposition
time resulting in the reduction of percentage

transmittance. The observed reduction in
transmittance may be attributed to the
enhancement of film’s thickness as the

deposition time increases (Hariech et al., 2022).
The Figure also revealed that ZnO-4 sample
prepared at a reduced temperature of 60°C
exhibits the highest transmittance within the
visible region (84.8%) among the prepared film
samples. This value is significantly higher
when compared with ZnO-3 sample prepared
for the same time but at different temperature
of 70°C (73.3%). Similar occurrence has been
earlier reported by Kim et al., (2020) for ZnO
thin films prepared using CBD method, and this
may be attributed to the increase in the film’s
growth rate at high temperatures resulting in
thicker films (Chen et al., 2024).
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Figure 3: Transmittance spectra for the prepared ZnO thin film samples.

The absorption spectra for the deposited ZnO
thin film samples measured between 300 and
700 nm wavelength range is presented in Figure
4. It is observable from the figure that all the
samples display low absorption values, and
remains almost constant all through the visible
wavelength. It is clear from the figure that the
film sample with the highest deposition time
and lowest transmittance (ZnO-3) has the
highest absorbance, and this agrees with the
result of Abdulrahman et al., (2017). Variation
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in deposition temperature is seen to also affect
the film’s absorption property, as the film
samples deposited for the same time but at
different temperature (ZnO-3 and ZnO-4)
exhibited significant difference in light
absorption. The film sample deposited at 60 °C
and with the highest transmittance (ZnO-4)
presents lower absorption of 0.10 when
compared to the sample deposited at 70 °C with
absorption value of 0.19 which aligns with the
work of Abdulrahman et al., (2017).
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Figure 4: Absorbance spectra for the prepared ZnO thin film samples.

The Lambert equation which relates the absorption coefficient (o) with the film’s light absorption
(A) and thickness (t) has been employed in determining the film’s absorption coefficient (Inbanathan
etal., 2021);

o= 2.323,4 (1)
The plot of absorption coefficient against light wavelength for the prepared samples has been
displayed in Figure 5. From the graph it can be seen that all the film samples exhibit absorption
coefficient values in the order of 10* cm™. The spectra shows that the film deposited at a lower
temperature presents the lowest value of absorption coefficient across the entire wavelength, which
follows the trend observed in the absorbance spectra. From the figure, the film sample deposited at
a lower temperature exhibited the lowest absorption coefficient. This can be attributed to differences
in surface morphology. At higher deposition temperatures, film surface becomes more uniform,
bringing about improved light interaction and higher absorption coefficients. In contrast, at lower
temperatures film surfaces are comparatively rougher with an increased light scattering phenomena
and a reduction in the absorption coefficient (Kumar et al., 2023). These results correlate with the
result from the scanning electron microscope.
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Figure 5: Absorption coefficient spectra for the prepared ZnO thin film samples.
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Band gap energy is a very important parameter
in determining the possibility of semiconductor
materials application in optoelectronic devices.
In the determination of thin films’ band gap
energy (E,), the Tauc’s relation (equation 2) has
been commonly adopted (Olasanmi and
Mukolu, 2023).

1

(ahv)r = B(hv — E;) )

here, B represents the transition probability
constant which depend on the effective mass of
the material’s charge carriers, v is the photon
frequency, h is the Plank’s constant and E, the
band gap energy. The parameter p signifies the
power factor of the transition mode which

2.0

depends on the nature of the material (either
crystalline or amorphous) and the photon
transition. In case of allowed direct, allowed
indirect, forbidden direct and forbidden indirect
transitions, p takes values as 1/2, 2, 3/2 and 3
respectively. For the ZnO thin films prepared in
this study which is a direct transition
compound, the value of p is /2 and the band gap
energy is estimated by extrapolating the linear
portion of the curve of ahv? against hv to ahv?
= 0, as shown in figure 6. The values of the
band gap energy as deduced from the plot have
been displayed in table 1.

Zn0O-1
Zn0O-2
Zn0-3
Zn0O-4

0.0 + T T T

T
3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8

hv (eV)
Figure 6: Plot of (ahv)? against (hv).

Table 1: Band gap energy and Urbach energy values for the ZnQO thin film samples.

Samples Band gap energy  Urbach Energy
E; (eV) meV

ZnO-1 3.47 176

Zn0-2 3.49 182

Zn0O-3 3.51 181

Zn0O-4 3.46 173

Table 1 shows that the band gap energy ranges
between 3.46 eV and 3.51 eV; a range of band
gap energies similar to the values obtained by
Purohit et al., (2015) for ZnO thin film
prepared by radio frequency sputtering method.
The reported band gap energy values are
slightly greater than the band gap energy of the
bulk ZnO (3.37 eV) which may be due to two
phenomena (i) axial strain effect from lattice
deformation as suggested for ZnO films (Ong
et al., 2002), or (ii) change in semiconductor

142

carriers’ density (Amakali et al, 2020). From
the table, it is observed that the band gap energy
increases with increasing deposition time; an
outcome that has been previously reported by
Ghorannevis et al., (2016). The same behaviour
have earlier been reported for ZnS thin film
prepared by chemical bath method, and may be
as a result of the decrease in defects (Chabou et
al., 2019). The result also confirms that with
reduction in deposition temperature, the band
gap energy is also affected. From the table, by
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comparing the results of the two film samples
deposited at the same time but different
temperatures, it is clear that the thin film
sample deposited at lower deposition
temperature exhibits lower band gap energy.
Thus, reduction in deposition temperature
results in the reduction of the band gap energy
value. This range of band gap energy reported
in this study has place ZnO as a promising
material for transparent conducting oxide in
solar cells. (Chouhan et al., 2021).

The absorption coefficient (o) within the low
photon energy range is assumed to be
exponentially related to the incident photon
energy (hv) and can be expressed by the
following equation (Sta et al., 2014);

_ hv /E
a=a,e 'Eu 3)
where o, is a constant and Ey refers to the
Urbach energy or the width of Urbach tail.
Using equation 3, a graph of In(a)) against (hv)
was plotted for the deposited ZnO thin film
samples and presented in Figure 7. The slope of

the linear fits made to the linear part of the plot

gives the inverse of the Urbach energy (1/Ey)
and the values of the Urbach energy is
presented in Table 1. It can be seen that increase
in deposition time increases the value of
Urbach energy; a result that is in agreement
with the work of Suryavanshi et al., (2018). The
observed outcome may be attributed to the
elongated time of deposition, which allows for
the formation of more defect states and leading
to the broadening of the Urbach tail
(Suryavanshi et al. 2018).

It can also be seen that the reduction in
deposition temperature brought about a
reduction in the Urbach energy. Similar
observation has previously been reported by
Ali et al. (2016). Defects such as oxygen
vacancies, zinc interstitials, and grain
boundaries which wusually occur at high
temperatures are known to promote the
broadening of Urbach tail. Hence, a lower
deposition temperature results in the reduction
of defects formation with an attendant
narrowing of the Urbach tail and reduction of
the Urbach energy (Jamal et al., 2019).
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Figure 7: Ubarch energy (Eu) spectra for the prepared thin film samples.

The skin depth (9) is a parameter that describes
the depth in a particular medium at which the
radiation intensity reduces to 1/e (about 37%)
of its value at the surface (Osanyinlusi et al.,
2023). The Skin depth (3) of the prepared thin
film samples has been determined from its
inverse relationship with the absorption

coefficient (o) as represented by the following

simple equation (Sharma et al., 2020);
1

6=-— O]
a
Figure 8 shows the dependence of skin depth
on the photon energy for the prepared ZnO thin
film samples.
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Figure 8: Skin depth spectra for the prepared ZnO thin film samples.

From the graph, it is clear that the skin depth
decreases with increasing photon energy up to
4.0 eV where the skin depth value converges to
approximately zero. This photon energy value
at which skin depth converges to zero is
referred to as the cut-off energy (Ecut-otr) and the
corresponding wavelength is known as the cut-
off wavelength (Acu-ofr). For the prepared ZnO
thin film samples, the Ecu.orris 4.0 €V and the
corresponding wavelength is 310 nm. It is
observed from the Figure that the skin depth
reduces with increasing deposition time from
30 to 60 min. The ZnO-2 sample deposited for
45 min exhibited the lowest value of skin depth,
which may be as a result of its highest value of
absorption coefficient. It is visible from the

graph that ZnO-4 thin film sample with lower
deposition temperature possess the highest
value of skin depth. The occurrence may also
be due to the slower growth kinetics of the thin
film at reduced temperature, resulting in more
porous films with lower density, enabling
deeper light penetration into the material, thus
increasing the skin depth (Langlet et al., 2005).
The extinction coefficient (k) is an important
optical parameter for materials and depicts the
degree of light absorption and scattering as it
passes through the material. Extinction
coefficient is determined from its relation with
absorption coefficient (o) and light wavelength
(1) as (Osanyinlusi, 2020).
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Figure 9: Extinction coefficient against wavelength for the prepared ZnO thin film samples.
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Figure 9 shows the dependence of extinction
coefficient with light wavelength. It was
observed from the graph that the value of
extinction coefficient increases with increase in
deposition time. The Figure reveals that the
reduction in deposition temperature also affects
the value of the extinction coefficient, with the
film deposited at a reduced temperature of 60°C
possessing the lowest value of extinction
coefficient.

Conclusion

In this study, the variation of deposition time
and temperature on their optical properties has
been examined. ZnO thin films have been
prepared using the chemical bath deposition
technique. EDX image confirmed the presence
of zinc and oxygen with their atomic percent
very close to the stoichiometric composition.
The study reveals that the percentage
transmittance reduces as the deposition time
increase, with the ZnO-1 sample deposited for
30 min having the highest transmittance value
of 82.7% among the films deposited at 70 °C.
Lower deposition temperature also has
significant effect on the transmittance values,
as the film deposited at lower temperature of 60
°C possesses higher transmittance when
compared with the one prepared at 70°C. The
band gap values of the prepared ZnO films
were found to be in the range of 3.46 and 3.51
eV which is slightly above that of the bulk.
Increase in deposition time was observed to
increase the band gap energy while reduction in
deposition temperature decreases the band gap.
The outcome of this study has revealed that the
prepared ZnO thin films have the potential for
application as transparent conductive oxides in
solar cells.

References

Abdulrahman, A. F., Ahmed, S. M., and
Almessiere, M. A. (2017). Effect of the
Growth Time on the Optical Properties of
ZnO Nanorods Grown by Low
Temperature Method. Digest Journal of
Nanomaterials and Biostructures
(DJNB), 12(4) 1001-1009.

Ali, S., Pasha, S. S., and Zubair, M. (2016).
Effect of Deposition Temperature on the
Optical and Electrical Properties of ZnO
Thin Films Prepared by Chemical Bath
Deposition. Optical Materials, 58, 155-
161. [doi: 10.1016/j.0ptmat.2016.03.020]

Amakali, T., Daniel, L. S., Uahengo, V.,
Dzade, N. Y., and De Leeuw, N. H.
(2020). Structural and Optical Properties
of ZnO Thin Films Prepared by Molecular
Precursor and Sol-Gel
Methods. Crystals, 10(2), 132.

Carlsson, J. O., and Martin, P. M. (2010).
Chemical vapor deposition. In P. M.
Martin (Ed.), Handbook of Deposition
Technologies for Films and Coatings:
Science, Technology, and Applications.
William Andrew Publishing. 3rd edition:
314-363.

Chabou, N., Birouk, B., Aida, M.S. and Raskin,
J.P. (2019), Mater. Sci. Poland, 37 (3),
404-416.

Chai, J. (2009). Chemical Bath Deposition of
Thin Films: Principles and Applications.
In M. J. Schenker and T. F. Wang (Eds.),
Thin Film Deposition Techniques. CRC
Press, 1, 113-136.

Chen, X., Zhang, J., Gao, L., Zhang, F., Ma,
M., and Liu, Z. (2024). The Effect of
Deposition Temperature on TiN Thin
Films for the Electrode Layer of 3D
Capacitors Prepared by Atomic Layer
Deposition.  Coatings, 14(6), 724.
https://doi.org/10.3390/coatings 1406072
4

Chouhan, M., and Choudhary, S. (2021). ZnO
Thin Films for Photovoltaic Applications:
A Review on Material Processing and
Performance Enhancement. Solar
Energy, 221, 340-359.

Cisneros-Contreras, 1. R., Lopez-Ganem, G.,
Sanchez-Dena, O., Wong, Y. H., Pérez-
Martinez, A. L., and Rodriguez-Gomez,
A. (2023). Al-doped ZnO Thin Films
With 80% Average Transmittance and 32
Ohms per Square Sheet Resistance: A
Genuine Alternative to Commercial High-
Performance Indium Tin
Oxide. Physics, 5(1), 45-58.

Ghorannevis, Z., Akbarnejad, E. and
Ghoranneviss, M (2016). Effects of
Various Deposition Times and RF Powers
On CdTe Thin Film Growth Using
Magnetron Sputtering. J Theor Appl
Phys 10, 225-231.
https://doi.org/10.1007/s40094-016-
0219-7

Gonzalez-Chan, 1. J., Moguel, P., and Oliva, A.
L. (2019). Deposition of ZnO Thin Films
by Chemical Bath Technique:
Physicochemical Conditions and

145



Effects of Deposition Time and Temperature on the Optical properties of....

Characterization. ECS Journal of Solid-
State Science and Technology, 8(9), 536.

Hariech, S., Bougdira, J., Belmahi, M.,
Medjahdi, G., Aida, M. S., and Zertal, A.
(2022). Effect of deposition time on
chemical bath deposited CdS thin films
properties.  Bulletin ~ of  Materials
Science, 45(2), 78.

Inbanathan, Kumar, P., Dasari, K., Katiyar, R.
S., Chen, J., and Jadwisienczak, W. M.
(2021). Ellipsometry Study of CdSe Thin
Films Deposited by PLD on ITO Coated
Glass Substrates. Materials, 14(12), 3307.
https://doi.org/10.3390/ma1412330

Jamal, M., Shahahmadi, A., Chelvanathan, P.,
Alharbi, H., Karim, M., Mohammed, M.,
Alharth, N., Al-Harthi, Y., Aminuzzaman,
M., Asim, N., Sopian, K., Tiong, S. K.,
Amin, N., and Akhtaruzzaman, Md.
(2019). Effects of Growth Temperature on
the Photovoltaic Properties of RF
Sputtered Undoped NiO Thin Films.
Results in Physics, 14: 102360.

Ke, H., Duo, S., Liu, T., Sun, Q., Ruan C., Fei,
X., Tan, J., Zhan, S. (2014) Effect of
Temperature on Structural and Optical
Properties of ZnS Thin Films by Chemical
Bath Deposition Without Stirring the
Reaction Bath, Materials Science in
Semiconductor Processing, 18: 28-35.

Khelladi, N. B., and Sari, N. E. C. (2013).
Optical Properties of ZnO Thin Film.
Advances in Materials Science, 13(1): 21—
29.  https://doi.org/10.2478/adms-2013-
0003

Kim, K. -M., Jang, J. S., Yoon, S. -G., Yun, J.
-Y., and Chung, N. -K. (2020). Structural,
Optical and Electrical Properties of
HfO, Thin Films Deposited at Low-

Temperature Using Plasma-Enhanced
Atomic Layer
Deposition. Materials, 13(9): 2008.

https://doi.org/10.3390/ma13092008

Kumar, R., Sharma, P., and Yadav, B. (2023).
Influence of Growth Temperature on the
Morphological and Optical
Characteristics of ZnO Thin Films. Thin
Solid Films, 721: 138570.

Langlet, M. (2005). Low Temperature
Processing of Sol-Gel Thin Films in the
Si0>-TiO: Binary System. In S. Sakka
(Ed.), Kluwer Academic Publishers. Sol-
Gel Technology, 1: 331-360.

Memarian, N., Rozati, S. M., Concina, 1., and
Vomiero, A. (2017). Deposition of

146

Nanostructured CdS Thin Films by
Thermal Evaporation Method: Effect of
Substrate Temperature. Materials, 10(7),
773.

Ohring, M. (2001). Materials Science of Thin
Films: Deposition and Structure (2™ ed.).
Academic Press. ISBN: 978-0125249751.

Olasanmi. O. O and Mukolu A. T (2023).
Variation of ZnS Deposition Time on
Chemically Prepared Cdi.xznxs Ternary
Compound from CdS/ZnS Bilayers,
Results Opt. 11 100419.

Ong, H. C., Zhu, A. X. E., and Du, G. T. (2002).
Dependence of the Excitonic Transition
Energies and Mosaicity on Residual Strain
in ZnO Thin Films. Applied Physics
Letters, 80(6), 941-943.

Osanyinlusi  O. (2020). Preparation and
Characterization of ZnS Thin Films
Grown by Spin Coating Technique,
Tanzania Journal of Science 46(2), 534-
547.

Osanyinlusi, O. Mukolu, A. 1., Alabi, A. B.,
Orosun, M. M., Salawu, M. A., Yusuf, K
A. and Adeyinka, A. A. (2023).
Investigation of the Effect of Deposition
Time and Annealing on the Structural and
Optical  Properties of Chemically
Deposited ZnS Thin Films, Jordan
Journal of Physics, 16(3), 305-320.

Osanyinlusi, O., Mukolu, A. 1., and Kana, M.

Z. (2016). Structural and Optical
Properties of Al/Zno Thin Films
Deposited by  Radio  Frequency
Sputtering. Materials Research

Express, 3(9), 096401.

Patil, V.L, S.A. Vanalakar, P.S. Patil, J.H. Kim
(2017). Fabrication of nanostructured
ZnO thin films based NO, gas sensor via
SILAR technique, Sens. Actuators, B:
Chem, 239, 1185-1193.
https://doi.org/10.1016/j.snb.2016.08.130

Purohit, A., Chander, S., Sharma, A., Nehra, S.
P., and Dhaka, M. S. (2015). Impact of
Low  Temperature  Annealing on
Structural, Optical, Electrical and
Morphological Properties of ZnO Thin
Films Grown by RF Sputtering for
Photovoltaic ~ Applications.  Optical
Materials, 49: 51-58.

Redwing, J. M., Miao, X., and Li, X. (2015).
Vapor-Liquid-Solid Growth of
Semiconductor Nanowires. In T. F. Kuech
(Ed.), Handbook of Crystal Growth (2nd
ed.), 3: 399-439.




Olasanmi et al., 2024

JISR, 9(1&2): 137-147

Sahay, P. P, and Nath, R.K. (2008). Al-doped
ZnO thin films as methanol sensors, Sens
Actuators B: Chem. 134, 654-659.
https://doi.org/10.1016/j.snb.2008.06.006

Seshan, K. (2002). Handbook of Thin-Film
Deposition Processes and Techniques:
Principles, Methods, Equipment, and
Applications (2nd ed.). Noyes
Publications/William Andrew Publishing.
ISBN: 0-8155-1442-5.

Sharma, 1., and Hassanien, A. S. (2020). Effect
of Ge-Addition on Physical and Optical
Properties of Chalcogenide PbioSeqo-xGex
Bulk Glasses and Thin Films. Journal of
Non-Crystalline Solids, 548, 120326. doi:
10.1016/j.jnoncrysol.2020.120326

Siregar Nurdin, Motlan and Sirait Makmur
(2023) Electroplated ZnO Thin Film:
Influence of Deposition Time on Optical
and Structural Properties, Journal of
Physical Science, 34(1), 43-55.

Sreenivasan, K., Natarajan, V., and
Karthikeyan, P. (2021). Effect of
Deposition Time on Structural, Optical,
and Electrical Properties of ZnO Thin

Films Grown by Chemical Bath
Deposition. Materials Science and
Engineering: B, 267, 115066. doi:

10.1016/j.mseb.2020.115066

Sta, 1., Jlassi, M., Hajji, M., Boujmil, M. F.,
Jerbi, R., Kandyla, M. Kompitsas
Ezzaouia, H. (2014). Structural and
Optical Properties of TiO, Thin Films
Prepared by Spin Coating. Journal of Sol-
Gel Science and Technology, 72(2), 421-
427. https://doi.org/10.1007/s10971-014-
3452-z

Suryavanshi, P. S., and Panchal, C. J. (2018).
Investigation of Urbach Energy of CdS
Thin Films as Buffer Layer for CIGS Thin
Film Solar Cell. Journal of Nano- and
Electronic Physics, 10(2), 02012-1-
02012-5.
https://doi.org/10.21272/jnep.10(2).0201
2

Tangade H.S, Pusawale, S.N., Shirguppikar,
S.S. (2020). Synthesis  and
Characterization of Zno Thin Films
Deposited by Chemical Route, Materials
today Proceedings, 33(8) 5147-5149.

Ungula J, Kiprotich S, Swart H, C (2024),
Effect of Deposition Time on Material
Properties of ZnO Nanorods Grown on
GZO Seed Layer by CBD. Journal of
Nanosciences Research & Reports, 6(1)

1-6 DOI:
doi.org/10.47363/JINSRR/2024(6)156
Winkler, N., Edinger, S., Kautek, W,

Dimopoulos T (2018). Mg-doped ZnO
Films Prepared by Chemical Bath
Deposition. J Mater Sci, 53, 5159-5171.
https://doi.org/10.1007/s10853-017-
1959-8

147



