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Abstract: This review paper focuses on the preparation of zinc oxide nanostructures using
electrodeposition method for dye sensitized solar cells. Electrodeposition method has been selected
in this study due to many advantages if compared to other deposition techniques. During the
deposition process, the nucleation rate can affect the structure and morphology of films. As results,
experiment findings indicate that the nanoporous films with large surface area could be successfully
produced using this method.
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Introduction

Recently, dye sensitized solar cell is emerged as one of the most promising alternative
renewable energy sources for converting light energy into electrical energy. Generally, it
contained counter electrode’, redox electrolyte and dye-modified wide band semiconductor
electrode such as zinc oxide® nanostructure. ZnO films have been prepared by several
deposition techniques including hydrothermal technique™®, chemical bath deposition’”, sol gel
technique'”, spin coating'', pulsed laser deposition'?, spray pyrolysis'*'°, thermal evaporation'’,
dip-coating method'®"® and radio frequency magnetron sputtering™ as reported in many
literature reviews. Dye sensitized solar cell has many benefits such as low production cost™,
simple manufacturing process, flexibility™ and high conversion efficiency™".

In this work, electrodeposition method has been selected to prepare zinc oxide thin
films in dye sensitized solar cell application. The growth conditions will be analyzed,
interpreted and discussed in this paper. Lastly, their performance in dye sensitized solar cells
application is also reported.

Literature review

Lin et al.,” reported the zinc oxide films with sheet like nanoporous morphology using
electrodeposition technique. These films were deposited on indium tin oxide (ITO) glass
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using zinc nitrate (from 0.01 M to 0.1 M) and sodium dodecyl sulfate (SDS). The FESEM
micrographs indicate that ZnO films consisted of hexagonal columns at higher concentration
of zinc nitrate from 0.05 M to 0.1 M in the absence of SDS solution. However, the
micrographs show sheet like structures for the films prepared in the presence of SDS
solution. This is attributed to the SDS is a peculiar surfactant and catalyzed the self-
assembled growth of lamellar nanostructures. On the other hand, Lima er al.,*® suggested
that is a direct relationship between morphology and zinc precursor concentration. It has
been shown that more porous could be observed as the concentration of zinc was reduced in
scanning electron microscopy (SEM) analysis.

The ZnO films were deposited onto indium tin oxide glass by Christian et al.,”’. They
found that short deposition time led to strong back reaction of photogenerated electrons from
non-covered indium tin oxide glass to the electrolyte. They also conclude that the
performance of solar cell is mainly depends on the pore size and pore geometry. For
example, by increasing the pore size from 20-25 nm to 35-45 nm, higher coverage of the
surface of substrate could be observed, and leading to a higher open circuit voltage.

The influences of potential and time on the properties of ZnO films were investigated
by Ahmed et al.,”. In SEM investigation, they conclude that well defined shape of flower
like ZnO morphology was prepared at the potential of -1200 mV versus SCE (saturated
calomel electrode) for 1 hour. In addition, the UV-Visible spectrometry measurements also
confirmed the good crystallinity with band gap of 3.37 eV.

ZnO films have been prepared using electrodeposition method onto fluorine doped
SnO, glass by Haller e al.,”. The obtain films indicate tilted pores of various orientations in
scanning electron microscopy studies. The x-ray diffraction (XRD) patterns display that the
films is highly oriented along the c-axis of the wurtzite structure perpendicularly to the
surface of substrate. Meanwhile, in optical properties investigations, these films transmit
close to 80% of the incident light in the visible wavelength range.

Long ZnO nanowires and hierarchiral ZnO nanostructures were prepared by Kim et
al.,. They observe that ZnO nanostructures indicated very good corrosion resistance in an
acidic dye solution and showed higher power conversion efficiency if compared to ZnO
nanowires. On the other hand, they also suggest that the length of the long ZnO nanowires
increased with increasing anodization time at a constant voltage with a growth rate of 50-80
um per hour.

ZnO films were prepared using electro deposition by Mozaffari et al.,*'. They observe
that the growth mechanism of the ZnO films takes place in two important steps, namely
nucleation and growth of nanoparticles. Their experiment results depict the formation of
ZnO nanostructures which reaches its maximum at the deposition time of 1 hour. They also
claim that at higher concentration of zinc, a large amount of ZnO was covered on the surface
of substrate.

Zinc nitrate and polyvinylpyrrolidone were used to prepare ZnO films by Chen er al.,*.
They claim that the grain size and morphology were depending on the concentration of
polyvinylpyrrolidone. In their experiment findings, ZnO films with grain sizes of 20-40 nm
were observed in the concentration of 4g/L. The band gap of these films was 3.3 eV and had
hexagonal wurtzite structure. Finally, the highest solar-to-electric energy conversion
efficiency of 5.08% was obtained by using the electrodeposited double-layer ZnO films.

ZnO nanostructures were deposited on fluorine doped tin oxide substrate at 70 °C using
electrodeposition method by Kung et al.,”*. The electrolytic bath contained zinc nitrate
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and sodium acetate solutions. A metal-free dye, coded as D149, was used in this research.
Cell performance was measured using a light source and AM 1.5 filter. I-V curves of a dye
sensitized solar cells fabricated by a ZnO thin films were analyzed. A conversion
efficiencyof 4.65% was achieved for a dye sensitized solar cells (0.2376 cm®) with the
photoanode, consisting of the double-layer film, under 100 mW/cm? illumination in the
wavelength range of 400-800 nm as reported in their experiment results.

Yukako et al.,* have reported that indoline dye (D149) was applied for electrodeposited
porous ZnO nanostructures. They claim the control of adsorption time and use of co-
adsorbing cholic acid was essential to achieve high efficiencies. They conclude that the use
of cholic acid improved the cell performance as it prevents aggregation and reduces the
amount of D149 adsorbed.

There are some disadvantages could be observed in dye sensitized solar cells. For
example, the use of the liquid electrolyte, that is not very stable at varying temperatures.
Furthermore, this electrolyte solution consists of volatile organic solvents and must be
carefully sealed. Currently, chalcogenide metal thin film solar cells are considered as an
option for large scale developments. Scientists are now actively participated in exploring
various types of thin films such as binary, ternary and quaternary thin films as given below
in order to achieve better performance of the solar cells.

Binary, ternary and quaternary thin films are;

Binary thin films: Zinc sulfide”, Zinc selenide’®, Bismuth sulfide’’, Zinc telluride®,
Copper sulfide”, Lead selenide40, Tin sulfide‘”, Nickel sulfide42, Manganese sulfide43, Iron
sulfide*, Indium sulfide”, Cadmium sulfide’®, Cadmium telluride”’, Antimony sulfide*®,
Cobalt sulphide49, Cadmium selenide’ 0, Lead sulphide5 !

Ternary thin films: Cogper tin sulfidesz, Zinc indium selenideSS, Zinc cadmium sulfide54,
Copper indium selenide™, Antimony copper sulfide’®, Copper indium sulfide’’, Nickel lead

sulfidesg, Lead iron sulfide’ 9, Gallium copper selenide60, Cadmium bismuth sulfide®'

Quaternary thin films: Copper indium aluminium selenide®’, Copper zinc tin sulfide®

Conclusion

This review paper emphasizes on the electrodeposited ZnO nanostructures for the dye-
sensitized solar cells. These films were characterized by x-ray diffraction, scanning electronic
microscopy, atomic force microscopy and photoluminescence. The properties of thin films
were affected by the different deposition parameters as shown in experimental results.
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