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Abstract
ZnO and Co doped ZnO thin films were prepared by chemical bath deposition
eposition method with the
doping concentration of 0.01 M and 0.1 M of Co. The structural and optical properties of the as deposited
films have been characterized using XRD, UV-Visible spectroscopy, photoluminescence
hotoluminescence spectra and FESEM.
The XRD results revealed the polycrystalline nature of the film with the presence of hexagonal wurtzite
structure. The average crystalline size was calculated using Scherrer’s formula and it is found to be in the
range of 27-54
54 nm, which were found to increase with increase in cobalt content. UV
UV-Vis absorption and
transmittance spectra showed that all the films are highly transparent in the visible region and in the case of
doped ZnO thin films, d-d
d transition was observed in the violet region due to the existence of crystalline
defects and grain boundaries. The energy band gap was found to decrease with increase in Co concentration
with the range of 3.8-3.67 eV. The photoluminescence spectra
spectra of all the samples exhibited a broad emission in
the visible range. The surface morphology of the thin films was investigated by FESEM and it revealed that
they are homogeneously distributed. The energy dispersive X-ray
X ray analysis confirmed the stoichiometric
stoichiomet
composition of the Co doped ZnO thin films.
Keywords: Zincc oxide, Cobalt, Chemical bath deposition method,
method, XRD and Photoluminescence.
1. Introduction
ZnO is a wide band gap (~3.37 eV
eV) material
that has potential applications
lications in the fabrication of
devices such as ultraviolet
ltraviolet (UV) light
light-emitters,
varistors, transparent high-power
power electronics,
piezoelectric transducers, gas-sensors,
gas
smart
windows and solar cells [1]. It is one of the materials
mat
of the II–VI family
ly of Semiconductors which have
been studied extensively
nsively for many years [2]. Its
electrical and optical properties
roperties could be modified
thoroughly by thermal
rmal treatment with hydrogen or
by an appropriate doping process either by cationi
cationic
or anionic substitution
on [3]. Besides, ZnO doped with
transition metals has been predicted theoretically to
be very good candidates
tes for room temperature
ferromagnetism [4]. As a consequence, transitional
metal doped Zinc Oxide has found potential
applications in spintronics
ics [5, 6]. Several studies
described the growth processes of Co doped ZnO
thin film and described the effect of cobalt doping on
electrical, magnetic and magneto
magneto-optical properties
[7-13]. In recent years,
ars, Co doped ZnO thin film has
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been deposited by Pulsed Laser Deposition (PLD),
Molecular Beam Epitaxy and sputtering methods
[14, 15]. In contrast,
ntrast, until now chemical bath
deposition technique
ue is rarely used as deposition
technique although it represents a very simple and
relatively
cost-effective
effective
processing
method
(especially with regard to equipment costs) [16].
2. Materials and Methods.
2.1. Preparation of Co
o doped ZnO thin
t
Films
ZnO and Co doped ZnO thin films were
obtained
ed by chemical bath deposition. All the
reagents were of analytical
alytical grade and used without
further purification. The entire process was carried
out in distilled water for its inherent advantages of
being simple and environment friendly. Glass
substrate was previously cleaned by 24 hours
immersion in chromosulphuric
osulphuric acid and rinsed with
acetone and double distilled water. The ZnO thin
films were prepared
ared by dissolving 0.1 M of zinc
sulphate heptahydrate in 80ml de
deionized water. To
this homogenous solution, ammonia solution was
added drop wise to maintain the pH of 10. Co doped
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ZnO thin films were prepared by the solution
contains 0.1 M zinc sulphate heptahydrate in 80ml
deionized water. 0.01 M and 0.1 M of cobalt sulphate
were added to two different solutions. A small
amount of EDTA was added to the solution as a
chelating agent. The mixture was maintained at pH
of 10 using ammonia solution. The glass substrates
were suspended vertically in the aqueous solution
and kept in constant temperature bath of 80˚C for
1 h. After deposition, the thin films were annealed at
2000C in furnace for 2 h. Then the samples were
used for further characterization.

The average size (D) of ZnO and Co doped
ZnO thin films was calculated using Debye- Scherrer
formula, [21]
kl
(1)
bcosq
Where, β is the full width at half maximum (FWHM),
K is a dimensional number which is equal to 0.9, λ is
the X-ray wavelength (1.54 Å for CuKα).
D=

2.2. Characterization
The structural characterization of deposited
films was carried out by X-ray diffraction (XRD)
technique on Bruker AXS D5005 diffractometer
(monochromatic CuKa radiation, λ = 1.54 Å). The
XRD patterns were recorded in 2θ interval from 20°
up to 60° with the step 0.05°. The surface
morphology was characterized by scanning electron
microscopy (SEM). The room temperature optical
studies were carried out using Perkin-Elmer
Lambda 25 UV-VIS-NIR. The room temperature
photoluminescence spectra were recorded in the
wavelength range of 325 to 600 nm using Varian
Cary Eclipse Fluorescence spectrophotometer. The
surface morphology and chemical composition were
studied using FESEM and EDX images recorded
using Hitachi Model S-3000 H.
3. Results and discussions
X-ray diffraction patterns of ZnO and Co
doped ZnO thin films are shown in Fig. 1 (a & b). All
the peaks are in good agreement with the standard
JCPDS-036-1451
card
number
and
the
corresponding structure of the sample is hexagonal
wurtzite structure of ZnO [17, 18]. No other
secondary phase such as Co clusters or cobalt oxides
can be observed from the XRD pattern. The observed
peaks for ZnO are at 22.4°, 24.9°, 29.4° indexed as
(102), (110) and (200) respectively. It is also
observed that the intensity of diffraction peak is
decreased, for Co doped ZnO thin films, which
indicates that the dopant Co2+ ions (ionic radius
0.58 Å) are successfully substituted in the inner
lattice of Zn2+ ions (ionic radius 0.60 Å) [19]. The
observation of small change in 2θ values of
diffraction peaks and the peak broadening are due to
the increase in micro-strain [20]. The structural
change obtained from the diffraction peaks illustrate
the incorporation of Co2+ ion into ZnO lattice which
indicates that the crystal lattice undergoes obvious
change by Co doping.
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(a)

(b)
Fig. 2. XRD pattern of (a) ZnO and (b) Co doped ZnO thin
films.
Table.1 Grain size and dislocation density
Sample
ZnO
0.01 M of Co doped ZnO
0.1 M of Co doped ZnO
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Grain Size
(D, in nm)
27.08
54.37
54.66

Dislocation
density
13.63
3.38
3.34
11
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The dislocation density is calculated using the
formula,
1
d=
(2)
D
The grain sizes increase with increase in
cobalt concentration and is given in Table 1. The
crystallite size increases mainly due to the distortion
in the host ZnO lattice by the Co2+ dopant ion which
causes the increase in the nucleation growth rate of
ZnO. The substitution of Co2+ in interstitial position
of ZnO would affect the concentration of the
interstitial Zn, O and Zn vacancies.
The UV-Vis absorption spectra of the thin
films are shown in Fig. 2(a). It shows absorption
edge of the thin films in the range of 310 nm which
exhibits blue shift for the thin films. The blue shift in
the absorption edge is due to the quantum
confinement of the excitons present in the sample,
resulting in a more discrete energy spectrum of the
individual particles. The effect of the quantum
confinement on impurity depends upon the size of
the host crystal ZnO. As the size of the host crystal
decreases, the degree of confinement and its effect
increases [22]. As shown in Fig. 2(b), 0.01 M of Co
doped ZnO thin film is relatively found to be highly
transparent of about 85% in the visible and near
infra-red regions and this makes them useful as a
transparent window in solar cells whereas in 0.1 M
of Co doped ZnO thin film, it is found to be
transparent only 50% in the visible and near infrared regions and this makes them useful as less
window absorption loss in solar cells.

Fig. 2. (Top) Absorption and (bottom) transmittance
spectra of ZnO and Co doped ZnO thin films

Fig. 3. Plot of (αhν) 2 vs Energy for ZnO and Co doped ZnO thin films
Published 26 November 2019
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The optical band gap energy can be calculated
using Tauc relation as given below
(ahu) = A hu-E

(3)

Where α denotes the optical absorption coefficient,
h is Planck’s constant and ν is the frequency of the
incident photon, Eg is the optical band gap and A is a
constant. For pure and Co doped thin films, the
estimated Eg values are ranging from 3.8 eV to
3.74 eV. Furthermore, for Co doped ZnO films Eg
values decrease with the increase of Co molar
concentration. However, the Eg value of low
concentration of Co doped ZnO thin film is slightly
higher than that of the Eg value of bulk ZnO.
In the present case, the observed reduction in
Eg can be attributed to several factors, viz.
defect/disorder induced band tailing, creation of
impurity states, and grain size. Interaction of ions
with matter, in the energy range under
consideration, is dominated by nuclear energy loss
caused by elastic collision between incident ions and
target atoms. As a result, a dense collision cascade
gets developed in a solid when energetic ions travel
through it. Time evolution of such a collision cascade
can be divided into different phases [23].
Fig. 4 shows the emission spectra of ZnO and
Co doped ZnO thin films using an exciation
wavelength of 325 nm. The photoluminescence
emission observed for all samples covering from
short wavelength of 365 nm to long wavelength of
550 nm. The UV emission peak of lowest wavelength
is observed at 365 which correspond to the nearband emission of ZnO [24-26]. The peak observed at
488 nm corresponds to the blue emission, while the
peak raised at 520 nm represents green emission.
The emission peak observed at 488 nm can be
attributed to the transition between oxygen vacancy
and interstitial oxygen [27].

(a)

(b)

(c)
Fig. 5. FESEM image & EDX spectrum of (a) ZnO, (b) 0.01
M of Co doped ZnO and (c) 0.1 M of Co doped ZnO thin films

Fig. 4. Photoluminscence spectra of ZnO and Co doped ZnO
thin films
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The green emission peak at 520 nm is
ascribing to the recombination of electrons in singly
ionized oxygen vacancy with photo-excited holes in
the valance band [28]. The green emission peak at
520 nm which has lowest intensity of emission in
the spectrum coincides with the energy interval
from the bottom of the conduction band (2.37 eV)
[28]. It is interesting to note that an additional green
emission peak appeared at 540 nm for the doped
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samples and also the intensity of the green emission
peaks gets increased with respect to the increasing
doping level of Co2+. It has been reported that green
emission peaks are due to the oxygen vacancies and
transition of a photo generated electrons from the
conduction band to a deeply trapped hole [29].
Fig. 5 shows the FESEM micrographs of the
pure and doped ZnO thin films with the
magnification of 200 nm. It is observed that pure
ZnO thin film spread over the surface throughout the
film with spherical shape. The incorporation of Co
ions in Zn lattice sites can influence the changes of
the surface morphology into bounded grains. The
small particles are agglomerated and are bound to
uniformly and homogeneously, with the particles
clustered together in the irregular shape. The
quantitative analysis of the films was carried out by
using the EDAX technique to study stoichiometry of
the films. These spectra indicated the presence of
only Zn, O and Co. The obtained thin films are made
up of elements which show that the Co2+ ions
substitute the Zn2+ ions in the Zn matrix. It confirms
that the synthesized films are ZnO and Co doped ZnO
thin films. The weight ratio and atomic ratio
compositions of Zn, O and Co show that the amount
of Zn element decreases with increasing Co content.
4. Conclusions
ZnO and Co doped ZnO thin films with
different concentrations were successfully prepared
on a glass substrate by chemical bath deposition
method. The XRD pattern confirms the hexagonal
wurtzite structure of ZnO for all the films. The
nanocrystalline size is found to be increase with
increase in Co dopant concentration and in the range
of 27-54 nm. The optical spectra exhibit that all the
films are highly transparent in the visible region.
The estimated optical band gap energy was found to
decrease with increase in Co concentration with the
range of 3.8-3.67 eV. The photoluminescence spectra
of all the samples showed two broad emission peaks
in visible region. FESEM revealed homogeneous
distribution of particles. The EDX studies confirmed
the stoichiometric chemical composition of Zn, O
and Co in the samples.
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