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Abstract

This study reports the influence of the condition parameters on the electrodeposition of zinc oxide using Zn(NOj3), 6H,0. ZnO
thin films were electrodeposited on FTO and Mo substrate, using a pulse electrodeposition technique. Thin and adherent films
have been obtained after 360 cycles. The pulse electrodeposition process was investigated though voltammetry cyclic. The
morphology as well as the optical properties of the films was studied by using scanning electron microscope (SEM) and optical
transmittance spectroscopy.
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1. Introduction

ZnO have been considered as the most promising functional materials due to its large band gap and excellent
optical properties [1]. The Zinc oxide films have a lot of important applications such as emitting devices [2], photo-
sensors [3], piezoelectric transducers [4] many optoelectronic devices [5]. In thin films solar cells, Zinc oxide is
widely used as a transparent conducting oxide in systems based on Cu(In,Ga)Se, and CZTS. Furthermore ZnO
provide additional optical functions like light scattering and subsequent light trapping or enhance the reflection at the
back contact of a solar cell. That is due to its wide band gap and a high concentration of free electron in the
conduction band. The wide bandgap is responsible for high optical transmittance and free electrons increase
electrical conductivity transmittance. With these properties zinc oxide promise a high conversion efficiencies of a
PV solar cell [6-13]. It is also used in several hetero junction systems like CuO/ZnO [14], Cu,O/ZnO [15],
CdTe/ZnO [16]. Different process have been developed for preparing ZnO thin films such as sputtering [17].
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spray pyrolysis [18], chemical bath deposition [19], sol gel [20] and electrodeposition [21]. Electrodeposition has
some obvious advantages, such as simple and low cost processes, controllable film thickness, a good quality of film
deposited and allows different shape and kind of substrate [22]. Furthermore, electrodeposition gives different size
and shape of Zinc oxide such as nanorods [23], nanoflikes [24], nanosheets [25] nanowires forms[26]. The
morphology and the structure of Zinc oxide electrodeposited depend strongly on the electrolyte composition [27],
bath temperature [28], time of growth [29] and electrode potential [30]. Different studies reported the growth of zinc
oxide thin film using electrodeposition from aqueous solution [31, 32]. In this paper we presents the result of growth
of ZnO thin film on FTO and Mo substrate, using a pulse electrodeposition (PED) technique on the ZnO properties.

2. Materials and methods

The aqueous solution consisted of 0.01M Zn(NO3), 6H,0O and 0.1M KCl, with 5,4 value of pH. The experiment
process was carried out in a simple three electrode glass cell. The working electrode was FTO glass substrate
(1cm?). The reference electrode was a saturated calomel electrode (SCE) and the counter electrode was Pt metal
sheet (2 cm?).The distance between the FTO substrate and the counter electrode was maintained at 3 cm. The
electrochemical studies were carried out using a VoltaLab PGZ 301 equipped with Volta Master 4 software.
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Fig.1 Devices for Electrodeposition of ZnO

Before electrodeposition the FTO substrates were cleaned ultrasonically with distillated water and acetone for 15
minutes each, and then washed with distillated water and dried in air. It is possible to use different kind of substrate
such as copper, ITO or Molybdenum. The choice of FTO is justified by his good conductivity and transparency. The
deposition temperature was fixed at 65°C by a thermostat, the deposited samples were cleaned with distillated water,
dried at room temperature and annealed at 350°C for 1 Hour in the atmosphere ambient. The deposition time was 60
min in all the cases and without stirring.

3. Result and discussion
3.1. Chrono-ampermetry growth kinetics of ZnO

Cyclic voltammetry (CV) is an electrochemical method used in order to find the suitable region of growth potential.
CV experiment was performed from the precursor solution directly on FTO coated glass. Three scans for each
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sample were carried out from the open circuit potential with a negative sweep to -1.6V and then a positive sweep to
+0.2 V. Scan rate was 10mV.s"'. As shown in the figure 4 the cathodic current increases with the negative shift of
electrode potential in the range -0.8 to -1.1V, where the ZnO deposition is expected. Many studies reported the
electrodeposition of ZnO in this range [33]. According to these results the reduction of nitrate took place in the

range between -0.8 to -1.1V. In the reverse sweeping an anodic current was observed which can be attributed to the
transformation of Zn*' to Zn.

Current density(mA/cm?)

T
-0,7

Potential (V)

Fig.2 Voltammogram on FTO substrate from acidic solution (pH 5.4) containing 0.01 M ZnNO;

and 0.1 M KCl at temperature 65° C.

According to these result and other studies [34], the growth mechanism of ZnO thin films can be described by the
following equations:

NO3z + H,0+2e~ - NO; +20H™ @)
The Nitrate electroreduce to nitrite ions, the hydroxide ions were generated at the cathode (eql). The zinc ions
coming from dissolution of ZnNO; reacts with hydroxide ions to form Zn(OH), which spontaneously dehydrated
into ZnO (eq2).

Zn?* + 2 OH™ - Zn(OH), - Zn0 + H,0 2)
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The variation of the potential versus the deposition time during the electrodeposition of ZnO is shown in figure 3.
The pulse and its respective durations have been fixed such that during time t;, potential V; (-900mV (SCE)) and
during t,, potential V, (-1100mV (SCE)) is imposed on the working electrode. Furthermore, the time durations were
varied as 3s, 5s and 7s for t; and 7s, 5s and 3s for t,, so as to vary duty cycles from 33% to 67%. The pulse period T
was constant as 10 seconds and duty cycle 0 varied from 33% to 67%. All other deposition parameters remained
constant in all cases. The wave form of pulse potential is square and the corresponding current density is differently
modulated due to the presence of an electric double layer at the cathode-electrolyte interface forming a capacitor of
molecular dimension [35, 36].
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Fig.3 (a) Schematic representation of potential applied in PED, (b) Current density as function of time in the PED.

3.2. Morphology surface of ZnO

The influence of Pulse electrodeposition technique on the morphology of ZnO thin films was examined by scanning

electron microscope (SEM) and is demonstrated in figures 5 and 6. The film thickness was estimated from SEM
cross section observation (Fig.5), the film deposited have a thickness in order of 1.3um. As can be clearly figure 6
Zinc oxide thin films are constituted of lamellar crystallites oriented perpendicularly to substrate surface, some holes
are observed except in sample (c) grown at 67% duty cycle. The grains are randomly oriented. One can notice that
the density of nuclei and grain size are strongly related to the potential and duty cycle. The density of crystallite
decreased with the increasing of duty cycle. However the crystallite size increased with the increasing of duty cycle.
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Fig..4 Cross-sectional SEM photograph of ZnO film electrodeposited on FTO glass substrate
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Fig.5 SEM images (top view) of ZnO pulse electrodeposited with different duty cycle. (a) and (d) 6=33%. (b) and (e) 6=50%. (c) and (f) 6=67%.
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3.3 Optical characterizations

The most important main requirement for use of ZnO in solar cells is their transparency. The optical transmittance
was measured at normal incidence in the wavelength range 320 to 3200 nm, using a Shimadzu UV- 3101 PC
spectrophotometer. Figure 7 shows optical transmittance spectra of different samples studied, it can be seen that all
films exhibit a high transparency, between 50%-70% in the visible range. The sample deposited at 50% duty cycle
shows a great transparence (70%) compared to the other samples. It’s maybe explained by the uniform repartition
and orientation growth of ZnO crystallites as observed in SEM micrographs. Indeed, it was previously reported that
the optical transparency strongly depends on the surface irregularity and the enhancement of cristallinity of the film
[37]. The decrease of transmission in the other samples can be due to the existence of pores in these films.
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Fig.6 Optical transmittance of ZnO film grown with different duty cycle. (a) 6=33%. (b) 6=50%. (c) 8=67%.

4. Conclusion

Preparation of zinc oxide thin films was realized using a simple and inexpensive electrodeposition technique. The
investigation of effect of duty cycle was realized, by using pulse electrodeposition technique from a simple nitrate
bath. We found that the cycle duty strongly influences the properties of the material: morphological, electrochemical
and optical. The obtained films were adherent and homogenous with a high degree of purity and good
morphological and optical properties, which make PED a promising technique for preparation of a less expensive
window material for solar cell.
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