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Abstract:

Al DopedCoOthin film [ACO] weresuccessfullydeposited on amorphous glass substratesusing Successive lonic
Layer Adsorption and Reactiondepositionmethod [SILAR]. The deposited film wereannealedattemperature of
3000C and the annealed time varied for 1hr, 1hr.15mins, 1hr.30mins, 1hr.45mins and 2hrs. Thin films of ACO
weredeposited on glass by successive immersion of the substrateinto a complex (NH4) AlICoCI2 bath keptat
room temperature. 3ml of 3M solution of ammonia (NH4) used as a complexing agent wasmeasures and
addedinto a beakerwith 40.0g of 0.6M of CoCl to form a complex cobalt ion, 10% of AICI2 wasalsomeasured
and added as a dopant, 30ml NaOHcontaining 37.2g of 0.5M of NaOHwasalsoprepared and pour into a
separatebeaker. 30mls of ion exchange water wasalsopouredintotwoseparatebeakers. The pH of the solution
wasmeasure to be 8.0.The opticalpropertieswerecharacterizedusing UV-1800 double beamspectrophotometer
and the crystallographicstudiesweredoneusing X-ray diffractometer and Scanning electron microscope. In
ourstudy, the thin films show verylow absorption withhighopticaltransmittance in the visible, ultraviolet region
of the spectrumbetween 700 -900nm. The crystallographic structure shows an interconversionbetweenCoO and
Co304 peaksat the surface which are cubic and cubicspinelcrystalline in nature. The Scanning Electron
Micrograph shows that the grain size wereevenlydistributedwithporous structure.

Background:

Cobalt oxidethin films have attractedmanyresearch effort in recentyears due to theirpotential application in
varioustechnological areas. Theycanbeused as  hightemperaturesolarselectiveabsorbers [11],
anodicelectrochromicmaterials in smart windowdevices [13] and negativeelectrodes in lithium-ion batteries
[14]. Cobalt oxideexists in threedifferentcrystallineforms, namelyCoO, C0,0; and Co0s0, [15]; Co3O4spinel
structure containsvacancy and itischemically stable. CoO phase has ahighchemicalstability but easilyoxidized
to Co30, in the open air atmosphere. Cobalt oxides are one of the most important transition oxideswhich have
hugeinterest in severalfields. It is a p-type cubicspinel structure semiconductingmaterialwithtwo direct and
indirect optical band gaps (1.44-2.06) eV and (1.26-1.38) eV respectively, Manyresearches has widelystudied
Cos0, Phase in open air atmosphere as promisingmaterials due to itschemicalstability, an
antiferromagneticmaterialwith mixed valence (Co®*" and Co®" ion) and regularspinel structure having Co** in
Octahedral sites and Co?*' in Tetrahedral sites. Both CosO, and CoOexhibit a cubiclattice and
usuallynonstoichiometricwithexcessoxygen, leading to p-type semiconductingbehaviors [3]. Aluminumis a post
transition metal [a metalloid] whichproduces up to +3 ions. itsusefulness in modern society include power
lines, window frames, highrise building, electronicsaircraft components, spacecraft components and in house
hold and industrialappliances. Itshighstrength and lowweight and corrosion resistance has made it an
important material in technology. [1] Therefore, in thiswork,we to studied structural and opticalproperties of
CoOthin films by doping withaluminumoxide, annealedat 300°C with variation in annealing time of lhr,
1.15mins, 1.30mins, 1.45mins, and 2hrs using SILAR method.
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I.  Introduction

The rapid development of communities across the world and the increase in energy consumption show
that we will require more energy in the future. In the context of energy crisis, solar energy is an attractive
source. It is plentiful, virtually inexhaustible and can provide more than enough energy to our society. However,
the problem with producing electricity and fuels from solar energy is that it is still expensive, primarily from the
materials used in the cells production. Thin film technology has broad range of utilization in various areas. It is a
base of outstanding developments in the various fields of engineering, science and technology such as solid-
state electronics, optics, magnetism, coatings, supercapacitor and photovoltaic (PV) cells. The importance of
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thin film devices over the bulk materials are low material consumption, easy processing and possible use of
flexible substrates (7). Magnetic oxide semiconductors are class of materials that are extremely low cost,
abundant and can be created at the scale needed to meet widespread demand of the society. The synthesis and
studies of nanosized materials have been intensively pursued in the recent years not only because of their
characterization interest but also for their interesting properties such as catalytic, thermal, magnetic, electrical
and optical properties and the variety of applications related to them. In the recent years, various techniques
have been established for the establishment of nanostructured transition metal oxides thin films: physical and
chemical vapor depositions; Soft-cflemistry methods etc. The transition metal thin films are important class of
materials and the exhibit very interesting properties for uses in sensors, fuel cells, catalysis, solar cells,
transformers, etc. Simultaneously to the search for solar cell efficiency improvements, (8) .Cobalt Oxide based
solar cells have the potential to counteract all the difficulties encountered in the usual solar cells. The all-oxide
photovoltaic/ optoelectronic method is very captivating as a result of its chemical strength, negligible toxicity
and large quantity of several metal oxides that possibly permits production of solar cells under ambient
conditions.it can be utilized as constituents in photovoltaic cells like translucent conducting front electrodes or
electron-transport layers [10]. Transition metal oxides are of technically and potentially important class of
materials which have been widely researched as a result of their physio-chemical and material properties can be
altered to cope up with the desired application potential. It is proposed here to synthesize by SILAR method,
and study nanoparticles of new oxides of Cobalt, with controlled size and morphology, for processing as thin
films that could be easily integrated in an energetic system of conversion. Various metal oxide schemes will
drive to suitable physical characteristics such as the energy gap, sunlight absorption and different applications,
firstly for optoelectronic and photovoltaic. Dopants are utilized in a metal oxide to modify or improve its
properties. Therefore, the main objective of this work is to develop and study Al doped CoO material for
possible application based on the structure and optical properties properties and their applications.

1. Material And Methods
EXPERIMENTAL DETAILS

3ml of 3M solution of ammonia used as a complexing agent was measures and added into a beaker
with 30ml of (NH4)CoCI2 containing 40.0g of 0.6M of CoCl and %10 of AICI2, to form a complex cobalt ion,
30ml NaOH containing 37.2g of 0.5M of NaOH was also prepared and pour into a separate beaker. 30mls of ion
exchange water was also poured into another beaker. The pH of the solution was measure to be 8.0. Thin films
of AlICoO were deposited on glass by successive immersion of the substrate into a (NH4) AICoCI2 bath kept at
room temperature and into a deionsed water.

The cleaned glass substrate was immersed in the cobalt complex (at room temperature) for a known
standardized time (20secs) followed by immersion into ion exchange water for 5secs for hydrogenation. It is
then immersed into the NaOH solution for 20secs and back into ion exchange water. This cycle was repeated for
20 times in order to achieve a desired result. The decomposition of CoCI2 in neutral aqueous solution (deionized
water) will release ions of Al3+, Co2+, and OH- into solution and result in the formation of AlCo (OH) 2 or
AICo0 particles. The [ACQ] thin film were annealed at a temperature of 300°C at varied time of 1hr. 1.15mins,
1.30mins, 1.45mins, and 2hrs.

Below is the chemical reaction related to this process a dynamic equilibrium exists in the precursor under the
influence of ammonia as the complexingagent. The chemical composition of the reaction:

AICI;, + CoCl, + 4NH3.H,0 [AICo (NH3)4]o+ + 20H +4H,0

AICo (NH3) + 2NaOH —— [AICo (OH) ;] + NaCL, + 4H,0

During the reaction process in deionized water, complex [Co (NH3)4]2" decomposes with the final formation of
[Co (OH) 2] precipitation.

[Co (NH3)4]2+ + 4H20 ——» Co (OH,) + 4NH,+ 20H"

Co (OH2) + Al (OH2) ->AICo (OH,)

ANALYSIS OF CRYSTALLINE STRUCTURE BY X-RAY DIFFRACTION (XRD)
The interaction of the incident rays with the sample produces constructive interference (and a diffracted ray)
when conditions satisfy Bragg’s Law [4].
=2sin

Where, is the angle between the primary X-ray beam (with wavelength), d is the interplaner spacing;
and n is an integer. This law relates the wavelength of an electromagnetic radiation to the diffraction angle and
the lattice spacing in a crystalline sample. The characteristic X-ray diffraction pattern generated in a typical
XRD analysis provides a unique “signal” of the crystalline phase(s) present in the sample. When properly
interpreted, by comparison with standard reference patterns and measurements, this signal allows identification
of the crystalline form. The analyses by X-ray diffraction thin films were conducted to allow phase
identification for the different synthesized oxides. The XRD was carried out using X-ray diffractometer modeled
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GBC Enhanced Mini Material Analyzer (EMMA).It gives information relating to the nature and structure of the
doped thin films of ACO. The crystallite size was obtained by the resolution of Scherrer’s equation [9]:
D n = KM\Bcose

Where:
Dy : The average crystallite or particle size in a direction of plane (hkl) (nm)
\: The X-ray wavelength (nm) Where A is the wavelength of Cu-Karadiation ( A=1.54060 A°)
K: A dimensionless shape factor (K = 0.94)
B: Full Width at Half Maximum (FWHM) of the diffraction peak (rad)
0: Bragg diffraction angle (deg)
The lattice parameter which refers to the physical dimension of unit cells in a crystal lattice with three lattice
constants for three dimensional lattices denoted by a b, ¢ for the thin films was calculated for different phases of
the materials deposited.
Hexagonal phase formula (12):

1 V 07 v hk v Kk 7’
P 3¢ a AN
For cubic phase, the lattice constant was calculated from

Where d is the interplaner distance and hkl is the miller indices.

For tetragonal phase of the crystal structure

The micro strain was calculated using:

€=
The dislocation density (d) was determined using
0 =where d is the crystallite size
The volume for simple cubic was calculated from
v=2a®

For hexagonal structure

V=0

For tetragonal structure

V =a’

MICROSTRUCTURAL ANALYSIS BY SCANNING ELECTRON MICROSCOPE (SEM)

SEM is an apparatus that can take surface and cross-sectional images of the thin films by a scanning
focused electron beam over a surface to create an image. The signals that are derive from electron-sample
interactions reveal information about the sample including morphology (texture), chemical composition (using
the Energy Dispersive Spectrophotometer analyzer), crystalline structure and orientation. In this work, Scanning
electron microscope phenomprox, Model number MVEO16477830 manufactured by Phenom World Eindhoven
Netherland Electron was used.

In the scanning electron microscope an electron beam, which is highly focused (spot size ~ 0.4 to 0.5
nm), is moving over each point of the object. This electron beam, with an energy ranging from 0.2 keV to 40
keV, is focused by one or two condenser lenses to a spot of about 0.4 nm to 5 nm in diameter. The beam passes
through pairs of scanning coils or pairs of deflector plates in the electron column, typically in the final lens,
which deflect the beam in the x and y axes so that it scans in a rectangular area of the sample surface. The
surface and cross-sectional views of the thin films can be observed by SEM .Prior to observation, the sample
was fixed to a sample holder with the surface to be analyzed facing up. The border of the sample was covered
by a silver paste to facilitate the electron flow. On the observing surface, gold was deposited by cathodic
sputtering to increase the conductivity of the surface. With this analysis, the surface and grain morphologies
were observed.

OPTICAL ANALYSIS
In this work, the optical performances of the thin films, which essentially consist of the absorbance,

transmittance and reflectance, were studied using UV1-1800 series double beam spectrophotometer. The
absorbance of the deposited films was measured using UV-spectrophotometer and occurred in the spectral range
of 300nm-900nm of the electromagnetic spectrum. Other spectral/Optical parameters such as transmittance,
reflectance, etc. were estimated using appropriate mathematical formulas given below:

a) Transmittance:
The values of absorbance were converted to transmittance using:
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%T = antilog (2- absorbance)
b) Reflectance (R):
The reflectance was estimated using the equation [6].
1=A+T+R
Where A is the absorbance, T is the transmittance and R is the reflectance of the deposited films.
For normalization, equation above becomes
1= A+T+R
R=1-(T+R)
c) Absorption coefficient;
a=In(1/T)
was used to deduce the absorption coefficient of the thin film.
d) Optical energy band gap (Eg)
The relationship between the absorption coefficient (o) and incident photon energy (hv) can be determined using
well known Tauc’s relations [7]
(ahv) = A (hv Eg)"
Where v is the frequency of the incident photon, h is the Planck’s constant, A is a constant, E, is the optical band
gap and n is the transition type.
It has been established that for direct allowed band gap semiconductors, the measured absorption data fits well
to for n = 1/2.
(ahv) = A (hvEg)
Taking Square of both sides of the equation,we have
(ahv)®= A(hv — Eg)
Hence, the graph of (ahv)2 against hv was plotted and values of optical band gap energies E, were obtained
from extrapolating the straight portion of the graphs on the photon energy (hv) axis at (ahv)? = 0 [3].
e) Extinction coefficient (k)
The extinction coefficient (k) of the films was determined using the equation for semi-conductors and insulators
[10]
K = aM4n
Where a is the absorption coefficient of the thin film and A is the wavelength of the incident electromagnetic
radiation.
f)  Refractive index (n)
The relationship between the index of refraction (ns) and the film reflectance (R) was used to estimate the
refractive index [1];
R = (n-1)% (ns + 1)
simplifing
n=(1+ R (1-R)Y?
g) Dielectric constant (g)
The complex dielectric constant (g) is given by [6];
e=g+g=(n+jk)°
Where ¢, = real part, g = imaginary part, n =refractive index and k = extinction coefficient.
Expanding, we obtain;
€ =g + & = (Ny—ky) + 2njk
Equating the real and imaginary parts of the equation, we have that,
g = (n2 —Kk2) ---------- The real part
g=2nk  --mmmeee- The imaginary part
h) Optical conductivity (o,)
The optical conductivity was estimated by the equation [8];
0,= anc/4n
Where c is the speed of light in vacuum, a is the absorption coefficient and n is the index of
Refraction of the film.

I11. Results
Optical properties
The optical properties of the ACO thin films were examine using uv-spectrophotmeter in the visible —ultraviolet
near infrared region of the spectrum. Figure 3.1 explains the absorption property of the film.

DOI: 10.9790/4861-1304011523 www.iosrjournals.org 18 | Page



Study of Structural / Optical Properties of Aluminum Doped CoO [ACO] Thin Films.

At lower wavelength the films were found to be dark compound but became transparent at higher wavelength in
the visible - infra red region. The film increased from 0.03 in the region of 700nm to1.0 at 790nm. C3 shows
zero absorbance from 700 to 740 but started increasing from 760nm. In Figure 3.2, the transmittance decreases
sharply from 95% along the visible region of 720nm -760nm but drops sharply at 800nm. C3 has 100%
transmittance at the wavelength of 700 to 740 in the visible region. In most cases optical parameters change with
the thickness. it was also observed that the transmittance decreased with increased in thickness. This is in line
with Beer- lambert law which reads
IZ:|0 eXp(-alpha 2))

Where 1 is the intensity, Z is the propagation direction, |, is the initial amplitude of the intensity or absorption
Coefficient. This means that the intensity decreases exponentially with propagation through the material and the
absorbance of the film with thickness Z.

A(Z) :1'9Xp (-alpha z)
Figure 3.3 explains the reflectance which has sharp peak at 21% in the wavelength of 790nm. And also small
peak at the wavelength of 760nm. The reflectance shows a particular pattern throughout the films.
Figure 3.5 shows the absorption coefficient a of the film in cm™with low values which decreases with
annealing time. The low value in the absorption coefficient means that light is only poorly absorbed by the thin
films of ACO and so, may not be good materials for application in thin film solar absorber. Figure 3.5a and
3.5h, explains the band gap of the thin films of ACO. The band gap of 1.6 eV was observed for all samples in
time. Thus the band gap was not affected by the increase in annealing time. This may be as a result of constant
doping concentration of 10%, and constant temperature of 300°C. Figure 3.4 explains the refractive index of the
film, which is in range of 1.22 to 1.23. This could be as a result of the doping concentration and increase in the
annealing time. Figure 3.6 and Figure 3.7explains the dielectric constant of the thin films of ACO, which has a
low dielectric constant and can be good materials for parasitic capacitance, enabling faster speeds and lower
heat dissipation. They can be subjected to high electric field without breaking down. Figure 3.8 explains the
extinction coefficient of the film and shows that light absorption is also poor throughout the wavelength of the
film thus having a weak absorption. Since the material transmits in the visible band of 720nm and transmission
is above 80% with a low index of refraction in the range of 1.2, itcould have possible application in visible and
thermal imaging and also in laser [3].

Fig 3.1: transmittance as a function of wavelength for
ACO thin film annealed at different time
Fig3.2: Absorbance as a function of wavelength for
ACO thin film annealed at different time

A

Figure 3.4: Plot of Refractive Index versus photoa energy
of ACO for different annealing time

Fig 3.3: Absorbance as a function of wavelength for
ACO thin films annealed at different time

DOI: 10.9790/4861-1304011523 www.iosrjournals.org 19 | Page



Study of Structural / Optical Properties of Aluminum Doped CoO [ACO] Thin Films.

Figure 3.6: Plot of real dielectric constant versus photon energy
of ACO for different annealing time
Figure 3.5a: Plot of (@hv)? versus photon energy for unanneled ACO

Figure 3.5b: Plot of (@hv) * versus photon energy of Figure 3.7: Plot of imaginary dielectric constant
Versus photon energy of ACO for different annealing
time

ACO for different annealing time.

Figure 3.8: Plot of extinction coefficient versus photon energy
Of ACO for different annealing time.

Table 1: XRD parameters for ACO annaeled for 1hr and 2hrs.

LATTICE CONSTANT A° DISLOCATION DENSITY MICROSTRAIN ¢ UNIT CELL VOLUME av crystallite size(nm)

(cm3)
c1) 8.2207 0 . 8 9 7 17.0098 3 6 3 . 5 5 0 . 1 1 7
C 5 ) 7 .1371 0 . 4 0 5 8 11.6475 8 1 . 1 8 8 4 1 . 8 8

Structural characterizations

The structural characterizations of ACO thin films have been examined by X-ray diffraction technique,
to study the variations of the crystallinity. The XRD patterns of ACO thin films are shown in Figure 3.9 .This
displayed the curved line of varied films with intensity. It was noticed that the samples were polycrystalline with
the appearance of some XRD peaks reflections corresponding to a simple cubic phase CoO and simple cubic
spinel structure Co304 of the ACO thin film annealed at 300°C at 1hr and 2hrs. The diffraction peaks were
growth along the inter planar spacing values for CoO corresponding to (220) and (311) diffraction planes, at 20
= 62.539°and 72.129° respectively. Co304 With peaks at 33.2 °,49.5°,54.2°,64.1° their hkl correspondence are
220,222,422.and 440 .XRD patterns were ensured in comparison with ICDD card No. (78-0431) [5]. Traces of
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aluminum were seen at peaks of 20 = 24.2°, and 35.6°, with hkl along (012) and (111) diffraction planes. At
2hrs, the phase of Crystallinity consist of Co304 and CoO. With CoO peaks at 20 = 41. °2, and 62.0°, their hkl
correspondence are, 200, and 220,the XRD pattern shows the peaks of Co304 at 26
=30.0°,36.4°,54.0°,64.0°,72.0° .The aluminum traces were also seen with increased peaks at 24.3°, 34.0° and
48.5° and their hkl at 012, 104, and 113. There is a good agreement in the observed and standard values of d-
spacing of ACO thin films. There is an accuracy of about 95.5% in the matching process of XRD data with the
database. Moreover, CoO and Co304 thin films identity has been verified. Crystallite size was measured using
FWHM of the XRD spectrum. The slimming of the FWHM is inversely proportional to the average crystallite
size (D). This could be predicted by the Scherer’s formula,

D (h) =KM\/(Bcosb),

Where, D is the grain size and P is the observed full width at half maximum intensity of the peak. An
average value of  has been taken to calculate D. where, it’s found that 0.117 nm, 1.834 nm for films annealed
for 1hr and 2hrs respectively. The annealed temperature varied with time affected the structural parameters like
the lattice constant at 8.2207 for 1hr film and 7.1371 for 2hrs film. The unit cell volume of the films were V
=363.55cm3 and 81.1884 cm3, However, [15]. Who prepared Co30, thin films by sol-gel and by spin coating
technique respectively have found the Co304 thin films were formed in a single-phase, suggesting that Co;0; is
more stable.

Hamdani et al. (2008) have also obtained a single-phase for Co304 films prepared by spray pyrolysis
after annealing temperature, while [2] have observed the appearance of some XRD peak reflections
corresponding to CoO and Co0204 after annealing. The SEM shows the surface morphology of the thin films.
The grains were all crystallized and the grain distributions even and thus improve higher conductivity. This may
be due to doping and the annealing time of the thin film. This is in line with [1] the grains distributions were
evenly distributed. The doping and differences in the annealing time affect the Crystallinity of the films. The
increase in thickness shows an improvement in Crystallinity and grain size.

Fig 3.3: SEM Micrograph/EDS for ACO thin films annealed at 1hr
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Fig 3.4 SEM microgragh/EDS of ACO thin film annealed at 300°Cfor 2hrs

Table 3.4a and 3.4b: Composition analysis for ACO thin film annealed for 1hr and 2hrs

Element | Element | Element | Atomic | Weight
Number | Symbol | Name Conc. | Conc.
1 418 i|Silicon|[62.51[43.94
@ 7 4]cC o[Cobalt|4.89][22.47
2 0|C a|Calcium |14.38|14.43
4 8|C d|{Cadmium [1.64[4.60
4 71A g|Silver|1.08(2.92
1 1|N a|Sodium|3.62|2.08
1 7]C I{Chlorine[2.16(1.91
1 9 |K Potassium [1.90(1.86
1 2 (M g | Magnesium |2 .54 [1.54
1 6|S Sulfur|1.70]1.36
1 3 A I [ Aluminium |3.69|1.14
1 5|P Phosphorus [1.27(0.98
2 2T i|Titanium [0.64]0.76
(b) Element | Element [Element | Atomic | Weight
Number | Symbol | Name Conc. | Conc.
1 418 i|Silicon|64.69|54.36
2 0|C a|Calcium |15.70/18.83
7 4]C o|Cobalt|2.08]6.98
4 71A g(Silver|1.48]4.79
1 7]1C I|{Chlorine [4.07]4 .32
1 1[N a|Sodium|3.25(|2 .23
1 6 (S Sulfur|1.88|1.81
1 5|P Phosphorus [1.53 |1 .41
1 3 A | | Aluminium |1.58 |1 .27
1 2|M g | Magnesium [1.66 (1 .20
1 9 |K Potassium [1.00 |1 .17
2 2|7 i|Titanium |0.61]|0 .87
2 3|V Vanadium |0.49 (0 .75

IV. Conclusion

SILAR deposition technique was used to synthesize Al doped CoO (ACO) thin films on glass substrate
and annealed at300 °C with variation in the annealing time. The thin films deposited were characterized to
obtain their optical properties such as; spectral absorbance, transmittance, and reflectance. Other solid state
properties like extinction coefficient, imaginary dielectric constant, real dielectric constant, and optical
conductivity and energy band gaps were also studied. The characterization of these films reveals their potential
application in diverse areas. These include; solar energy collection, antireflection coatings, protective coatings,
and in electronics. The structural properties of ACO, were characterize using the XRD analysis which revealed
that the films are polycrystalline in nature. The crystallite size was found to decrease with increase in annealing
time.

SEM micrograph of the ACO thin films reveals that increase in annealing temperature time improved
the crystallinity of the films with the grain size evenly distributed. The elemental composition of the film was
determined by the Energy Dispersion Spectroscopy (EDS) and clear peaks of cobalt andaluminum were
observed. The presence of aluminum could have altered the particle grain size and distribution.
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