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Abstract

CoO:Al** were fabricated on glass substrates using solution growth deposition technique. Sample A is chosen as a
representative sample for other fabricated ones. The Rutherford Backscattering Spectroscopy analysis shows that
sample A annealed for 2 hours at the temperature of 250°C has thickness of 160nm. The elemental compositions of
sample A shows that: O: 94.33%, Al: 5.22%, Co: 0.55%. The transmittance of sample A(0.24-0.75) with increasing
wavelength from UV to near infrared regions of electromagnetic spectrum which suggests that the material can be
used as transparent material for solar heating applications. The band gap of the material is 3.40+0.05eV. Its high
energy band gap makes it a good material for FPDs for optoelectronics applications and also a possible material
applicable as heat and cold windows.
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Introduction

Solution growth deposition technique has attracted great interest due to its self-limiting nature of growth and
exceptional coating pattern on three-dimensional structures with high aspect ratios. The solution growth technique
(SGT) is inexpensive and needs simple containing vessels and substrates mounting devices. The advantages of
CBD are adherent, uniform and large scale deposition of thin films and reproducibility. The preparative parameters
such as surface morphology and thickness of the thin film can be easily controlled by varying preparative parameter
such as reaction time, pH, temperature and concentration of precursor. The disadvantages of this method is the
wastage of solutions, excess of ionic product than solubility product, requires more time to obtain films due to slow
growth rate.

Cobalt forms the two stable oxides CoO and Co3;0,. These oxides have gained great interest due to their possible
application as catalyst, e.g. for the combustion of hydrocarbons[1],[2] or as sensitive materials in gas sensors
[3],[4]. Both amorphous and crystalline cobalt oxide layers are a promising anode material for thin film lithium-ion
batteries enabling lighter batteries compared to standard graphite electrodes [5],[6],[7],[8]. Furthermore Co;0y,, is an
ideal material for absorber layers in solar thermal collectors due to its high absorption across the complete solar
spectrum[9],[10]. Various processes are available for the deposition of cobalt oxides such as molecular beam
epitaxy, [4] sputtering,[11] spray pyrolysis, [12] electrochemical deposition, [13],[14] thermal oxidation [14] and
chemical vapor deposition.[15] Thermal oxidation of pre-deposited metallic cobalt is not feasible in terms of
temperature and rate requirements, since temperatures above 375 °C are required to accelerate diffusion for a
sufficiently fast oxidation. [16]. The aim of this work is to synthesis and study the thickness, composition and the
optical properties of CoO doped with AI** using chemical bath deposition technique.

Materials and Method

The following materials are required to deposit successfully layers of CoO: AI’* thin films. Cobalt Chloride
(CoCly), Aluminum sulphate (Al,(SO,); Ammonia NH; (as complexing agent), glass substrates, de-ionized water.

ISSN : 2581-7175 ©IJSRED:AIl Rights are Reserved Page 755



International Journal of Scientific Research and Engineering Development-— Volume 6 Issue 4, July- Aug 2023

Available at www.ijsred.com

Preparation of Substrates

The substrates were soaked in concentrated solution of hydrochloric acid HCI and Nitric acid HNO; in the ratio of
3:1 for 24 hours and were washed with detergents and rinsed in de-ionized water and hanged in slanting order to
air-dry. This is done in order to remove unwanted substances such as oil and grease and also to create the nucleation
centers for easy and adherent deposition.

Experimental Procedure

The Deposition of Manganese Oxide Thin Films Doped with Aluminum

The synthesis of CoO thin films doped with 0.06M solution of AI’* using solution growth technique (SGT) method
constituted: 4ml of 3M solution of ammonia as complexing agent, 0.13M solution of CoCl, and was made to react
with H,O, solution forming CoO:Al as depicts in Figure 1.

Theory
4ml of 3M solution of ammonia was made to react with the solution of CoCl,, forming cobalt tetra-amine complex
ion as given in equations (1).

CoCl, +4NH;— [Co(NH3).]* +2C1° (1)

De-ionized water was added up to 50ml and the solution was stirred vigorously in order to achieve uniformity in the
mixture.

CoO:AI°* thin films were deposited on substrates for 4 hours, by dipping the substrates into the beaker containing

the cationic precursor of cobalt complex ion and anionic precursor of H,0, at room temperature, the substrates
were rinsed in de-ionized water and finally dipped in a beaker containing aluminum complex ion for 5 seconds and
was rinsed in de-ionized water, The reactions are given in equations (2) and (3).

[Co (NH3)s]** +H,0, —_ CoO + H,0 + 4NH; (2)

[AI(NH5),]*" + CoO ——®Co0AlO + 4NH; (3)

Substrate
—sSynthetic Foam

Beaker

Reactants

Rigid Stand

Figure 1 SGT Experimental Setup

Results and Discussion

Thickness and Composition measurements

In this work, atomic compositions were determined, by Rutherford backscattering Spectroscopy (RBS) analysis.
The Rutherford backscattering analysis shows that the sample A has thickness 160nm. Figure 2 revealed
that samples A annealed at 250°C has 94.33% of oxygen, 5.22% of aluminum, 0.55% of cobalt.
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Figure 2 Elemental Composition of Sample A

LAYER 1: THICKNESS 160.0 nm

Compo: Co 0.55% Al 522 % O 94.33%

LAYER 2: THICKNESS 5000.0 nm

Compo: Si 35.19% O 51.02% Na 9.81% Ca 2.16% Al 0.02%
K 1.41% Fe 0.39%

Table 1 Transmittance of Sample A

Wave Length Sample A
300 0.2383
350 0.53137
400 0.61528
450 0.64369
500 0.67104
550 0.69646
600 0.71735
650 0.73077
700 0.74214
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750 0.74635
800 0.74724
850 0.74612
900 0.74353
950 0.73994
1000 0.73543
1100 0.72729
Transmittance

The optical transmission data in the wavelength range 300nm to 1100nm as given in Table 1 was measured using
UVI double beam Spectrophotometer with serial number 1800. The sample A has transmittance range (0.24-0.75),
with high transmittance at the visible and near infrared regions and low transmittance at the UV as depicts in Figure
3. With the this feature, it can be a good material for cold and heat windows and also can be made use as sensor

material for detection of harmful gases. .
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Figure 3 graph of transmittance against wavelength.
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Table 2 of (ozhv)2 (eV/m)2 against photon energy hv(eV) for sample A

hv(eV) (ahv)*

4.144 8.03516E+13
3.552 1.56172E+13
3.108 9.21418E+12
2.763 7.58101E+12
2.486 6.2165E+12
2.26 5.11169E+12
2.072 4.31059E+12
1.913 3.84298E+12
1.776 3.47397E+12
1.658 3.34343E+12
1.554 3.31624E+12
1.463 3.35047E+12
1.381 3.43051E+12
1.309 3.54348E+12
1.243 3.6888E+12
1.13 3.96085E+12

Energy bad gap

The band gap of sample A is determined in the graph of (ohv)® against hv, by extrapolating the linear portion of the
curve where aohv = 0 as shown in Figure 4. The band gap of sample A is found to be 3.4+0.05eV. It can be used as
good material for optoelectronic applications, smart windows and also a possible material for super-magnetic
applications.
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Figure 4 graph of ((thV)2 (eV/m)2 against hv(eV) for sample A.

Conclusion

AI** doped CoO thin films were deposited successfully at room temperature onto glass substrates by SGT method.
The deposition of the samples, shows that the films are uniform and adherent to the substrates. Annealing shows
strong effects on the samples by removing moisture and volatile substances in the course of deposition. Rutherford
back scattering was used in determining the atomic composition and the thicknesses of the samples. The optical
properties were measured using UV 1800 series double beam spectrophotometer. The optical band gap of CoO:Al*
has been found to be 3.40+0.05eV. Thus the obtained results indicate that AI** doped CoO modifies the optical
properties of the CoO thin films significantly with abundant applications ranging for electronic/optoelectronic, solar
conversions and sensor uses.
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