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ABSTRACT
Nowadays, several deposition techniques have been used to produce thin film materials. The obtained films were characterized by using different
tools. These semiconductor materials could be employed in solar cell, laser devices and opto-electronic devices. The main objective of this work is to
produce cobalt selenide thin films through successive ionic layer adsorption and reaction method. Advantages of this method include simple
procedures, inexpensive equipment, it does not need expensive vacuum system and high quality substrate. During the deposition process, the films
were deposited onto soda lime glass under various anionic bath immersion times. The properties of the films were studied for the first time via field
emission scanning electron microscopy (FESEM) and UV-visible spectrophotometer. Based on the FESEM analysis, uniform morphology could be
observed for the sample produced for 30 seconds (anionic immersion time). The band gap was about 2.6 eV and the optical transmission increased in
the visible region could be detected for these samples.
Keywords: Thin films, Semiconductor, Band gap, Cobalt selenide, SILAR method, Solar energy.

1. Introduction
The thin film deposition is defined as technique of depositing thin film coatings onto substrate [1-3]. Researchers
described that several deposition methods achieved the requirements of highly oriented thin film growth. These
deposition methods such as aerosol assisted chemical vapour deposition [4], SILAR method, pulsed laser
deposition [5], solvo thermal technique [6], electron beam evaporation technique [7], molecular beam epitaxy
method [8], radio frequency sputtering technique [9], chemical bath deposition method [10-12], atomic layer
deposition technique [13], spray pyrolysis method [14], and electro deposition method [15-17]. The obtained films
could be employed in several applications including opto-electronic [18, 19], solid state and medical devices [20].
Because of these films indicated very unique properties including high dielectric constant, good absorption
coefficient [21-23], excellent refractive index, and wide band gap [24-26].
The optical, electrical, morphological, compositional and structural techniques were becoming important tools in
materials research. Several tools such as Scanning probe microscopy [27], X-ray photoelectron spectroscopy [28],
X-ray diffractometry, Transmission electron microscopy [29], Fourier transform infrared spectroscopy [30],
Atomic force microscopy, reflection high-energy electron diffraction [31], Field emission scanning electron
microscopy [32], and Raman spectroscopy [33] were used for the characterization purposes.
The successive ionic layer adsorption and reaction (SILAR) technique has been employed for the production of
metal sulfide, metal telluride and metal selenide films. During the formation of thin films, the cleaned glass
substrate immerses into beaker contained different solutions (cationic and anionic precursor solution [34]), to
ensure that these ions could be adsorbed successfully onto the surface of substrate. Then, distilled water was used to
clean the substrate to remove undesired materials onto the surface of substrate [35]. Cobalt could be observed in
the d-block elements in the Period Table. Cobalt showed the atomic number “27, and could be observed in
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erythrite, cobaltite and skutterudite [Table 1]. Selenium is semiconductor, and produced some allotropes that
interconvert with temperature changes. Selenium is rare, it is located in Group 16 with chemical symbol “Se” and
atomic number “34” [Table 1].
Table 1. The facts about cobalt and selenium
Name

Cobalt

Selenium

Atomic number

27

34

Chemical symbol

Co

Se

Sources

erythrite, cobaltite and skutterudite

soil, water and some foods

2. Objectives of the Study
In this work, synthesis of cobalt selenide thin films by using SILAR deposition method onto soda lime glass under
various anionic bath immersion times. The main aim is to study the influence of various anionic bath immersion
times (20 and 30 seconds) on the properties of the obtained films. Characterization of the films could be carried out
through field emission scanning electron microscopy (study the morphology) and UV-visible spectroscopy
(investigate the optical properties), respectively.
3. Materials and Methods
3.1. Preparation of thin films
In this work, several chemicals (cobalt (II) chloride hexahydrate, and sodium selenite) were employed for the
production of cobalt selenide thin films (without further purification). The soda lime glass was used as substrate
during the formation of films. During the experiment, acetone and de-ionized water were used to clean the substrate
and remove dirty particles on the soda lime glass. The influence of various anionic bath immersion times on the
properties of the films was studied for the first time. During the deposition process (at room temperature, 30
deposition cycles), the cleaned and washed soda lime glass slide was immersed in the beaker contained 0.2M of
cobalt (II) chloride hexahydrate solution for 20 seconds. Then, washed with de-ionized water (5 seconds).
Following that, the substrate was dipped into another beaker contained 0.2M of sodium selenite solution (20 and 30
seconds). Finally, washed with de-ionized water (5 sec) to remove un-wanted materials from surface of substrate.
3.2. Characterization of thin fims
The morphology of obtained films was studied by using field emission scanning electron microscope (FEI, Nova
Nanosem 230). The Perkin Elmer UV/Vis Lambda 35 Spectrophotometer was utilized for the characterization of
the films such as optical properties and band gap energy.
4. Results and Discussions
The preparation of cobalt selenide thin films has been described by many research groups using various deposition
methods. These deposition methods could be divided into two broad groups, namely physical deposition method
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and chemical deposition technique. Each of these deposition methods showed advantage and limitation as well
[Table 2]. The selection of the deposition method chiefly depended on the applications, properties of films, and cost
of manufacturing.
Table 2. Summary of the advantages and limitations for different deposition methods





Advantages of SILAR method

Limitations of other deposition methods

large area deposition at low

Low deposition rate could be observed by using CVD

temperature [36]

method [40]

starting materials used are

Very difficult to control composition of samples by using

commonly available [37]

sputtering method [41]
It requires substrate heating by using thermal



can control the film thickness



Simple experimental set up [38]



low cost deposition method [39]



Good growth rate of thin films

Long time of deposition was observed by using sol gel

could be observed

method [45]

co-evaporation method [42]
It requires accurate control of deposition rate and
temperature by using thermal co-evaporation method [43]
Poor thickness uniformity on samples by using electro
deposition method [44]

Fig.1 indicated the field emission scanning electron microscopy (FESEM) images of the cobalt selenide thin films
produced by using SILAR deposition technique with various anionic bath immersion times. The FESEM analysis
confirmed that uniform grain size (about 1 µm to 2 µm) and covered the entire surface of substrate for the thin films
prepared at higher value of anionic immersion time (30 seconds).

(a)
(b)
Fig.1. FESEM images of cobalt selenide thin films prepared at various anionic bath immersion times
(a) 20 seconds (b) 30 seconds
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However, smaller grain size (0.5 µm to 0.8 µm) and non-uniform surface morphology could be observed for the
sample prepared at the lower anionic immersion time (20 seconds). Many researchers reported that more and more
big particles appeared as the deposition time was increased. Further, they explain that the growth of particles (same
deposition temperature) strongly depended onto longer deposition time [46-50].
The UV-visible spectroscopy is considered as very important tool to study the absorbance of the films at specific
wavelength based on the electronic transition in molecules [51-54]. Fig.2 indicated the optical properties of thin
films, determined by using UV-visible spectrometer (regions of 400 to 900 nm). The obtained films exhibited
optical transmission increased in the visible region. Egwunyenga and co-workers reported that the transmittance of
CoSe films increase as wavelength increases [55]. On the other hand, the Stern equation was employed to calculate
the band gap of the thin films.

Fig.2. Transmission spectrum for cobalt selenide thin films prepared at the anionic immersion time (30 seconds)
[Equation 1]
Some symbols in this equation such as v, h and k could be defined as frequency, Planck’s constant, and constant
value, respectively. The n value could be highlighted as 1 (direct gap material) or 4 (indirect gap material) in this
work. In the analysis part, the band gap value was determined based on the extrapolating the linear line portion as
indicated in fig.3. The band gap of these samples about 2.6 eV.

Fig.3. Curve (Ahv)2 against (hv) for cobalt selenide thin films prepared at the anionic immersion time (30 seconds)
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According to the literature review, many research groups have highlighted the band gap of cobalt selenide thin
films in their works. The optical properties indicated that the band gap values are in the range of 1.7 eV to 3.6 eV
for the films prepared via chemical bath deposition method [56,57]. Band gap of 1.7 eV, and 1.53 eV could be
observed for the films produced using mechano chemical method [58], magnetron sputtering [59] and electro
deposition technique [60,61], respectively.
5. Conclusion
The nanostructured cobalt selenide thin films have been produced onto soda lime glass slide by using successive
ionic layer adsorption and reaction method under various anionic bath immersion times. The FESEM analysis
showed that uniform grain size and covered the entire surface of substrate for the thin films prepared at higher value
of anionic immersion time (30 seconds). These films displayed optical transmission increased in the visible region
and indicated band gap about 2.6 eV.
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