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Abstract: Zn, O (x=0.7M, 0.5M and 0.3M) and Co,,,O (x=0.7M, 0.5M and 0.3M) thin films were deposited by
chemical bath deposition method and the influence of concentration and annealing temperature on the optical
and solid state properties were investigated. UV-VIS-NIR spectrophotometer was employed to characterize
optical and solid state properties of the deposited films. The absorbance generally lie in the range 0.50<A<0.83
for changes in the concentration of Zn** and 0.13<A<2.0 for parametric variation of annealing temperature.
With respect to variation in the concentration of Co*, the absorbance, A is within the range 0.13<A<2.13 and
in the range 0.80<A <2.10 for variation of annealing temperature. It is found that the transmittance of Zn, O films
decreased with concentration but increased with annealing temperature. Zn, O films transmittance transparency
variesd from 25-88%, 20-68% and 15%-53% at 0.3M, 0.5M and 0.7M respectively. For Co, O films, it is noticed
that the transmittance increasesd with precursor concentration from 2.5% to 60%, 2.5% to 80% and 2.5% to 85%
for 03M, 0.5M and 0.7M respectively. Subjecting Co,, O films to different temperatures, the transmittance varied
from 10-68% for as-deposited, 2.5-77% for annealed at 100°C, 55-90% for annealed at 150°C and 10-74% for
annealed at 200°C.The absorption coefficient, band gap energy, extinction coefficient, refractive index, real and
imaginary dielectric constants were also affected by the growth parameters. In particular,parametric
investigation involving changes in concentration of Zn, O films, E, lie from 3.68-3.75e¢V whereas for variation
of annealing temperature, Eattenuates from 3.40 to 4.00 eV. The band gap of Co, O films at different
concentration increased from 4.00eV to 4.05eV whereas the band gap values at different annealing temperature
lie between 3.65-3.90. In view of the various wide band gap energy exhibited by the films, it can be concluded
that they are promising window materials for solar cell fabrication as well as optoelectronic applications.
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INTRODUCTION

In view of the urgent need to identify future sources
of energy that will not only be affordable but also
guarantees the safety of environment, it has become
imperative to investigate the potentials of other inorganic
materials that are non-toxic to the environment, abundant
in nature and also posses easy fabrication techniques.
Zinc oxide (ZnO) and Cobalt oxide (CoO) are among this
category because the constituent elements are locally

available and cost effective. More importantly, they have
no direct contamination of the environment compared to
those elements used in cadmium related devices such as
in cadmium sulphide (CdS) and cadmium telluride (CdTe)
solar cells. Zinc oxide (ZnO) is an important 11-VI1
compound semiconductor with a wide band gap of about
3.37eV at room temperature [1]. ZnO has been used for the
fabrication of light emitting diodes, photo detectors,
piezoelectric cantilever, gas sensors, buffer layer in solar
cell and in photonic crystals [2-7]. Cobalt oxide (Co,0,) is
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an important p-type semiconductor with direct optical
band gaps at 1.48eV and 2.19e¢V [8] and has been
investigated extensively as promising materials in gas-
sensing and solar energy absorption as well as an
effective catalyst in environmental purification and
chemical engineering [9, 10]. In addition, CoO thin film
has been widely studied for its application as lithium ion
battery electrodes, catalysts, ceramic pigments, field-
emission materials and magnetic materials [11-14].
Diverse techniques have been employed to fabricate
ZnO and CoO thin films including chemical vapour
deposition [15, 16], spray pyrolysis [17, 18], sol-gel
technique [19, 20], magnetic sputtering [21, 22],
successive ionic layer adsorption and reaction technique
(SILAR) [23, 24], chemical bath deposition [25, 26] among
others. Chemical bath deposition method is one of the
most widely used techniques in thin film deposition
because it does not require sophisticated equipment
and can easily be tailored to suit different device designs.
The major objective of the present investigation is to
access the potentials of a low cost and environmentally
friendly inorganic materials (ZnO and CoO) for use in
different optoelectronic and in electronic applications,
including thin film solar cell devices. The variation of the
optical and solid state parameters with parametric
investigation  involving post
deposition temperature were analysed and discussed.

concentration  and

Experimental: Zn, O thin films were grown from a
solution containingl5mls of ZnSO,(x = 0.7M, 0.5M and
0.3M), S5mls of ammonia and 15mls of water in that order at
temperature of 70°C for 1 hour. The deposition ofCo, O
thin films was done from a chemical bath containing 15ml
of CoSO,(x =0.7M, 0.5M and 0.3M), 5Sml of NH, solution
and 15ml of H,O. The bath was maintained at a
temperature of 70°C for 1hour. Thermo scientific GENESY'S
10S model UV-VIS spectrophotometer on the 300-1000 nm
range of light at normal incidence to samples was used to
obtain the absorbance data from which transmittance,
absorption coefficient and band gap were calculated. The
possible growth mechanism for the formation of Zn, O
and Co, O oxide thin films are shown below:

ZnSO, — Zn** +S0,*~
NH5.H,0 — NH," + OH~
Zn** +OH™ 2 Zn(OH),
Zn(OH ), 2 ZnO + H,0
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Co(S04)y & Co>* + 504>~
Co>* +2(0H)™ 2 Co(OH)
CO(OH)2 =2 CoO+Hy0

2

RESULTSAND DISCUSSION

The optical characterization of thin films involves
measurement of optical properties such as absorbance,
transmittance and reflectance from which absorption
coefficient, band gap, refractive index, extinction
coefficient, real and imaginary parts of dielectric constant
were determined. Figures 1 and 2 show the plots of
absorbance against wavelength for ZnO thin films at
different concentration and post deposition temperature
respectively while that of CoO films are shown in
Figures 3 and 4 respectively.All the films are highly
absorbent in UV.A glance over Figures 1 and 2, shows
that growth parameters affected the films differently. The
absorbance of ZnO films increased with concentration but
decreased with post deposition temperature. The
absorbance is generally higher for parametric variation
involving post deposition temperature compared to that
of concentration. The absorbance generally lie in the
range 0.50<A<0.83 for changes in the concentration of
Zn* and 0.13<A<2.0 at different annealing temperature.
The absorbance spectra of Co, O grown under the same
parametric conditions but treated to different post
deposition temperature, reveals an increase in absorbance
with increase in the concentration of Co”" but shows no
trend with respect to post deposition temperature. With
respect to variation in the concentration of Co*', the
absorbance, A is within the range 0.13<A<2.13 and in the
range 0.80<A <2.10 for variation of annealing temperature.
The plots of transmittance against wavelength of Zn, O
thin films at different concentration and annealing
temperatures are shown in Figures 5 and 6 respectively.
Figures 7 and 8 are the plots of transmittance against
wavelength of Co,,O thin films at different annealing
temperature and concentration respectively.

In all deposition parameters, transmittance
increases of the films in UV-VIS-NIR is found to

increase with wavelength. It turns out that the
transmittance of Zn, O films decreased with
concentration  but  increased  with  annealing

temperature. Zn, O films transmittance transparency
varied from 25-88%, 20-68% and 15%-53% at 0.3M, 0.5M
and 0.7M respectively. The decrease in transmittance
with concentration is in consonance with the
report in the following reference in the literature [27-29].
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However, our report is at variance with that of Saleem
et al. [30] for ZnO thin films deposited by sol-gel method.
The transmittance decreasesd with concentration of
precursor solution is based on the fact that at higher
concentration, the constituent atoms will be more and
more, leading to collision of incident light with atoms
thus making it more difficult for light to pass through it
[31-33]. It should be noted that when the concentration
is  high, the ions in solution would be high as well,
leading to high rate of film formation. As such thicker
films are grown at higher metallic precursor concentration.
The relationship between the optical transmission and
thickness is given by the Beer-Lambert equation as
follows [34]:

Tl _ o (1)

IO

where I is the transmitted intensity at a particular
wavelength, I, is the incident light intensity, ais the
absorption coefficient and t is the film thickness.
The equation shows that the optical transmission of the
ZnO films will decrease inversely proportional to the film
thickness. The optical transmission is
proportional to the thickness of the films.The reduction of
transmittance at higher molar concentration may also be
attributed to the increased scattering of photons by
increase of the roughness of the surface morphology [28].
With respect to post deposition temperature, the
transmittance transparency varied from 2.5-67%, 2.5-53%,
5-68% and 22-80% for as-deposited, annealed at 100°C,
150°C and 200°C respectively. ForCo, O films, it is noticed
that the transmittance increased with precursor
concentration from 2.5% to 60%, 2.5% to 80% and 2.5% to
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annealing temperature

85% for 03M, 0.5M and 0.7M respectively. Subjecting
Co,,O films to different temperatures, the transmittance
varied from 10-68% for as-deposited, 2.5-77% for annealed
at 100°C, 55-90% for annealed at 150°C and 10-74% for
annealed at 200°C. The transmittance of thin films
can be greatly modified by various growth parameters.
In the literature, several authors have reported on the
with parametric
annealing

variation of transmittance

investigation  involving temperature,
concentration, dip time, P" just to mention a few [35-43].
Fig. 9 shows the plots of absorption coefficient versus
photon energy for Zn, O films at different concentration
while Fig.10 shows the same plots at different annealing
temperatures. Figures 11 and 12 show the plots of
absorption coefficient versus photon energy for Co, O
thin films for various concentrations and annealing
temperatures respectively.

The absorption coefficient values of Zn, O films for
parametric investigation involving concentration of
precursor solution are generally much higher than of
parametric variation of annealing temperature. The
maximum o value is about 65x10°m™" for changes in
concentration of precursor solution and 5x10°m™" for the
latter. For Co, O films, the absorption coefficient spectra
for both parameters of growth are similar exhibiting a
maximum of about 5.5x10°m™" for variation of
concentration and 4.75x10°m™" for changes in annealing
temperatures. The high values of the optical absorption
coefficients of Zn, ,O and Co,_ O films is an indication that
the films may be suitable materials
optoelectronic applications. For materials with a direct
band gap, the correlation coefficient of absorption of the
photon frequency satisfies the equation [44]:

for wvarious
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(0hv)” = A(hv-E,) ()
where «, h, v are absorption coefficient, planck’s constant
and photon frequency respectively. A is a constant and
E, is the band gap.Accordingly, the plots of (ahv)’ versus
hv for Zn, O films at various concentration of precursor
solution is shown in Fig. 13 while Fig. 14 shows the plots
of (ahv)® versus hv for Zn, O films at different annealing
temperatures. Figures 15 and 16 are plots of (ahv)® versus
hv for Co,_O films at different concentrations and
annealing temperatures respectively.

With respect to Table 1, the band gap energy for
Zn, O films lie from 3.68-3.75eV and 3.40-4.00eV for
parametric variation of concentration and annealing
temperature respectively. The band gap decreased with
parametric investigation involving the two parameters of
growth. The band gap narrowing induced by increase in
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Fig. 10: Plot of « against hv for Zn,_ O films at different
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Fig. 12: Plot of « against hv for Co, O films at different
annealing temperature

the concentration of precursor solution may be due to the
electron—electron and electron—impurity scattering. It is
also possible that the energy absorbed more and more
material which resulted to the wide band gap energy
decreases.The band gap decreases with concentration
observed in this work is collaborated with the reports of
the following reference in the literature [27, 28, 33]. With
respect to the band gap decreases with post deposition
temperatures, we deduced that it could be attributed to
the increase in grain size or related phenomena, caused by
the annealing effects. This is collaborated by the fact that
the band gap can be expressed in terms of the effective
mass approximation [44].
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Table 1: Band gap values of Zn, O films samples at different concentration
and annealing temperature

Conc. (M) E,(eV) Annealing temperature (°C) E,(eV)
0.3 3.75 As-deposited 4.00
0.5 3.70 100°C 3.85
0.7 3.68 150°C 3.84
200°C 3.40
Table 2: Band gap values of Co,,O films samples at different annealing
temperature
Conc. (M) E.(eV) Annealing temperature (°C) E.(eV)
0.3 4.00 As-deposited 3.75
0.5 4.01 100°C 3.90
0.7 4.05 150°C 3.85
200°C 3.65

where M, and M, are the effective masses of the electrons
in the conduction band and holes in the valance band
respectively, e is the static dielectric constant of the
material and AE, is the change in band gap of the
semiconductor materials. The first term in the above
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equation represents the particle in-a-box quantum
localization energy and has simple 1/R* dependence,
where R is the particle radius. The second term represents
the Coloumb energy with 1/R dependence. Therefore, as
R increases due to the increase in the crystallite size
associated with high temperature annealing, the value of
AE, will decrease. Processes like annealing which
increases the particle size decreases the band gap and
occurs in most cases with post deposition annealing [45].
Also as temperature increases, the band gap decreases
because the crystal lattice expands and the interatomic
bonds are weakened. Our findings are in agreement with
the report of other authors [46, 47]. With respect to
Table 2, the band gap exhibited a blue shift with changes
in molar concentrations and has on trend with post
deposition temperature. At high concentrations, Fermi
level shifts into the conduction band. Due to filling of the
conduction band, absorption transitions occurs between
valance band and Fermi level in the conduction band
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instead of valance band and bottom of the conduction
band. This change in the absorption energy levels shifts
the absorption edge to higher energies & (blue shift) and
leads to the energy band broadening.

The clear variation of E, of the films with parameters
of growth indicates that we can tune the solid state
properties of films to suite a desired application. The high
transparency in the visible region and wide direct band
gap energy exhibited by these films make them ideal for
use as window layer in a heterojunction solar cells.
The use of wide band gap materials as window layers in
solar cell fabrications is to minimize the recombination
loss prevalent in direct band gap semiconductors thereby
admitting a maximum amount of light to the junction
region and the absorber layer. CdS thin films are widely
used as window layer in CIGS solar cells. However, there
are great concern about the toxicity of Cd in this
architecture [48] and so; several alternative window layers
are currently being investigated to replace CdS. In our
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different annealing temperature

view, Zn,,O and Co,,O films stand high for possible
incorporation in CIGS solar cell. Fig. 17 shows the plot of
extinction coefficient versus photon energy for Zn,,O
films at various concentration while Fig. 18 shows the plot
of extinction coefficient versus photon energy for Zn, O
films at different temperature. The plots of extinction
coefficient versus photon energy for Co,,O films are
shown in Figures 19 and 20 for various concentrations
and post deposition temperature respectively. A close
look at Figures 17 and 18, indicates that the variations of
extinction coefficient with photon energy have similar
patterns fluctuating from a minima to maxima value. For
Zn 0 films, the extinction coefficient gradually increases
with concentration decreases presumably due to
increased surface optical scattering and optical loss,
which induces the increase of extinction coefficient. The
extinction coefficient also increases with annealing
temperature decreases exhibiting a maximum for the as-
deposited sample.



Middle-East J. Sci. Res., 26 (5): 543-554, 2018

Refractive index.n

15

ieV)

Fig. 21: Plot of n versus hvfor Zn, O films various

concentration

28 T T T T

P
w 124 s J
[ N
2 2.0 —_— e /‘-'/ )j
q_) e ./
= e — e~
@ 1.8 4 -
5
e 18 [— Co0,03V
—— Ca(,0 5N |
149 —— Co0.0.7M
1.2 4
T T T T T T
1.0 15 20 25 30 35 40
hiv(eV)

Fig. 23: Plot of n versus hvfor Co,_ O films

various concentration

The extinction coefficient of Co, O films vary in the
same manner, increasing with concentration decreases
exhibiting a maximum for 0.3M layer. With respect to post
deposition temperature, no clear trend was observed.
Figures 21 and 22 are plots of refractive index versus
photon energy for Zn, O thin films at different annealing
concentrations and post deposition temperature
respectively. Figures 23 and 24 plots of refractive index
versus photon energy for Co,,O thin films at
differentconcentration and post deposition temperature
respectively.

The refractive index (n) of the thin films was
calculated by the following relation [49].

4)

where R is the normal reflectance and k is the extinction
coefficient. As seen from Fig. 21, the refractive index
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increased with increase in the concentration of principal
precursor solution within the photon energy range
1.25-3.5¢V. The increase of refractive index with
concentration may be explained on the basis of the
contribution from both lattice distortion and the disorder
of the films.With respect to post deposition temperature,
the refractive index exhibited a downward trend. As
observed in Fig. 23, the refractive index of Co,,O films has
the same maxima but different minima. Within 1.25-3.5eV,
the refractive index of the 0.3M layer is generally higher
compared to other layers. With respect to parametric
investigation of annealing temperature, the refractive
index shows a downward trend.

The plots of real parts of dielectric constant for
parametric involving changes in
concentration and post deposition temperature for Zn, ,O
thin films are shown in Figures 25 and 26 respectively
while that of Co, O thin films are shown in Figures 27 and
28 respectively.

investigation
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The complex dielectric constant is a fundamental
intrinsic property of the material. The imaginary part
shows how a dielectric material absorbs energy from an
electric filed due to dipole motion. Fig. 29 shows the plot
of imaginary dielectric constant versus photon energy for
Zn, O thin films at different concentration while the plot
of imaginary dielectric constant versus photon energy for
Zn,,O thin films at different annealing temperature is
shown in Fig. 30. Figures 31 and 32 are plots of imaginary
dielectric constant versus photon energy for Co, O
thin  films  at different molar concentrations and
annealing temperature respectively. From Fig. 29, &
decreased with photon energy up to 3.4eV and then
increased. The imaginary dielectric constant generally lie
in the range 0.5-7.3 for 0.3M layer, 1.5-5.0 for 0.5M layer
and 2.5-6.8 for 0.7M layer. After thermal annealing, &
decreased up to 3.75¢V and then increased exhibiting a
minimum for annealed at 200°C. For Co, O films (Fig. 31),
g values are generally lower compared to that of Zn, O
films. The imaginary dielectric constant generally vary
from 0.8-2.4, 0.3-1.5 and 0.2-1.4 for 0.3M, 0.5M and 0.7M
respectively. With respect to post deposition temperature,
similar trend was observed.

CONCLUSIONS

In this study, we have grown Zn, O and Co,,O thin
films on glass substrate by chemical bath deposition
method with 0.3 to 0.7 M zinc acetate and cobalt
acetate concentrations. The deposited films were
subjected to different annealing temperatures within the
range 100-200°C. The optical and solid state properties of
the films were investigated. It is found that all the optical
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Fig. 32: Plot of g; versus hv for Co,_O films
at different annealing temperature

parameters varied considerably with parameters of
growth. It is found that the transmittance of Zn, O films
decreased with concentration but increased with
annealing temperature. Zn,,0 films transmittance
transparency varies from 25-88%, 20-68% and 15%-53% at
0.3M, 0.5M and 0.7M respectively. For Co, O films, it is
noticed that the transmittance increases with
precursor concentration from 2.5% to 60%, 2.5% to 80%
and 2.5% to 85% for 03M, 05M and 0.7M
respectively. Subjecting Co,,O films to different
temperatures, the transmittance varies 10-68% for as-
deposited, 2.5-77% for annealed at 100°C, 55-90% for
annealed at 150°C and 10-74% for annealed at 200°C.For
parametric  investigation involving changes in
concentration of Zn, O films, E, lie from 3.68-3.75eV
whereas for variation of annealing temperature,
E.attenuates from 3.40 to 4.00 eV. The band gap of Co, O
films at different concentration increased from 4.00eV to
4.05eV whereas the band gap values at different annealing
temperature lie between 3.65-3.90. In view of the various
wide band gap energy exhibited by the films, they are
promising window materials for solar cell fabrication as
well as optoelectronic applications.
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