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In this work, a simple electrochemical cell is used to deposit ZnO nano thin films (NTFs)
onto ITO conductive substrates for three deposition times (5, 10, 15 min.) The produced
films have transmission more than (80 %) for wavelengths above 600nm and high energy
bandgap (3.6 -3.75 eV.) The measurements of the photoluminescence (PL) spectra
revealed a sharp peak at 325 nm and a small peak at 675 nm. The XRD analysis
demonstrated that the ZnO NTFs exhibited polycrystalline structure. The FE-SEM
illustrates that the nominal diameter of particles is between 50 to 100 nm and that the
nano-films are deposited uniformly on ITO substrate for deposition time 10 min. The
energy dispersive X-ray (EDX) results revealed that only Zn2+ and O2- ions are available
in the samples, indicating a pure ZnO composition. ZnO NTFs was used to prepare a dye
sensitized solar cell (DSSC) with conversion efficiency 2.7 %.
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1. Introduction

In the last decade, there was a trend to use low cost method to prepare nano thin films for
the applications of renewable energy devices [1-3]. ZnO and TiO, are among the most used
materials to fabricate an important type of these devices called dye sensitized solar cell [4]. ZnO
as a material has found numerous applications in many fields: for example it used as piezoelectric
and optoelectronic device, in the area of electronics as field emitters, in lasers as medium for UV
radiation, in industrial chemistry as photocatalysts [5-8]. However, the most interesting modern
applications of ZnO is as an electron transport material in thin film and dye sensitized solar cell
(DSSC) [9-11], polymer (or organic) solar cell [12,13], perovskite solar cell [14-16] and in general
heterojunctions solar cell [17,18]. Many methods and techniques have been applied for the
synthesis of zinc zxide nano thin films (ZnO NTFs), including magnetron sputtering [19],
chemical vapor deposition [20], sol-gel processes [21], thermal evaporation [22] pulsed laser
ablation (PLA) in some liquids [23], and molecular beam epitaxy [24].

Besides, the growth of well-aligned ZnO nanorods by chemical growth route was reported
by Harnack et al. [25]. Most of the above methods are either costly or taking a long preparation
time. Here in, we report electrochemical deposition (ECD) as a fast and low cost method, highly
reproducible and compatible with a large area processing and it can facilitate uniform growth at
low temperature aqueous solution [25].

The ECD technique used a quite low cathode voltage or current to produce a pure
ZnO NTFs on any transparent conductive oxide-substrate such as Indium Tin Oxide (ITO) or
Fluorine Tin Oxide (FTO) [26]. In the ECD, the film thickness, morphology and optical properties
can be modified by various operating parameters namely: current density, applied potential,
deposition time and the electrolyte concentration. Generally, in the deposition experiments, zinc
nitrate solutions or zinc chloride solutions [27] are used as a precursor. The aim of this work is to
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obtain low cost ZnO NTFs using a simple technique and to investigate the potential of these films
as an active layer in DSSC.

2. Experimental part

In this research the ECD cell is a simple homemade container made from Teflon with
cylindrical shape of 9.5 cm internal radius, and 3.6 cm external radius. The distance between
electrodes is 2cm. The anode and cathode material are Zn foil and ITO substrates; respectively.
The ECD of the NTFs is carried out in that cell after putting 100 ml of 1mM from Zn(NO3),.5H20
at a constant temperature (35°C). The pH of the electrolyte solution was fixed at 7.5. Deposition of
the NTFs is implemented cathodically by using a power supply with a standard two electrodes
system. The voltage between the two electrodes was 17.5 volt. ITO glasses of 2cm2 area and
resistance 15 /square from Cris Baker. ITO is used here as transparent electrode. In all our
experiments, we fixed the current at 5mA and three deposition times (5, 10, 15 min.) The
electrolyte precursor Zn(NQs),.5H20 was used in all the experiments. After the deposition
process, the NTFs were annealed at 500°C to obtain best adhesion with their ITO substrates.

In the deposition of ZnO, the hydroxide-ions are generated by the process of cathodic
reduction of an oxygen precursor at the electrode surface which finally leads to the formation of
ZnO. The three types of oxygen precursors have been discussed by Canava and Lincot [28]. The
use of nitrate ions as the oxygen precursor has recently been reported as an alternative method for
the ECD of ZnO NTFs.

The process of ECD for ZnO is clearly described by Yoshida et al. [29 ] and Kathalingam
et al. [30]. The spectroscopic measurements and FE-SEM analyses are implemented
using TC60 spectrophotometer and ZEISS equipment; respectively. In order to fabricate DSSC
from ZnO NTFs, the ZnO/ITO electrode was immersed in an organic dye (N719 from DyeSol) for
24 hour and then annealed at 500 °C for 30 min. The rest of DSSC fabrication steps are analogous
to the standards. Figure 1 shows a schematic diagram for DSSC with ZnO layer prepared by ECD
(c.f. inset (a) of Fig. 7). The characterization of our solar cell is implemented using Halogen lamp
which is simulated to give about 0.5 AML1 in the lab conditions.

3. Result and discussion

Transmittance spectral data of ZnO NTFs are
obtained in the wavelength range (200-900) nm. Fig. (1a) shows the transmittance spectra of ZnO
NTFs electrodeposited under three deposition times (5, 10, 15) min. All the spectra showed similar
trends of transmittance variation, and all of them revealed high optical transmission values (about
80 %) above 600nm range for films of thickness about 600 nm which had a tendency to decrease
with increasing thickness. The absorption edge is slightly green shifted with increasing of
deposition time and this may be due to improved crystalline quality of the ZnO films growth.

Fig. (1b) shows the (chv)?2 —hv plot for ZnO films, where ¢ is the absorption coefficient, h is
Plank’s constant and V is the frequency of the incident light. The bandgap E, of ZnO has been

obtained by extension of the linear part of (chv)?to intercept with hv -axis. The optical
bandgaps of the films is calculated using the well-known relation for direct transition

ohv =C(hv—Ey)"? (1)

where C is a constant, hv is the photon energy. The Eg value calculated from the

extrapolation method was in the range from 3.6 eV to 3.75 eV for the deposition time of 5 min and
10 min, respectively. This illustrates that bandgap of ZnO can be rather tailored. The bulk bandgap
of ZnO has a nominal value of 3.37eV. However we obtained higher values in the range of 3.6 to
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3.7 eV for ZnO prepared by ECD in our experimental conditions. Another group [25], who also
prepared ZnO by ECD but using different experimental conditions, obtained two values (3.36 and
3.41eV) for direct E;. This discrepancy can be ascribed to the intrinsic defects [27] and quantum

size effects [25].
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Fig. 1. The transmittance a) and the bandgaps b) for ZnO films prepared
by ECD for three depositions times

For further study of the PL-spectra of such ZnO films, PL excitation and time resolved PL
spectra are also measured. Figure (2) is obtained at excitation wavelength of 325 nm. We only
detected a relatively weak and broad visible emission around 675nm for the three deposition times.
The energy bandgap from photoluminescence spectrum of the ZnO film is calculated by using

Plank’s law:

E, (eV) =1240/ A(nm) 2

where E4(eV) and A(nm) in Egn. (2) indicates that the energy bandgap and the wavelength are in

eV and nm units; respectively. At an excitation of 325nm, the peak UV emission around 325 nm is
the strongest one at E, =3.81 eV ; the emission around 675 nm is a weak emission at E; =1.83 eV .

We can see a sharp excitonic absorption near the bandgap edge 325 nm, indicating that the main
excitation mechanism for the UV emission is electron-hole pair by interband absorption.
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Fig. 2. PL spectrum for ZnO NTFs prepared by ECD
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Tablel. Value of (D, ¢, d) for ZnO NTFs prepared by ECD for 10 min.

hkl 206(deg) Beta(deg) Grain size (¢) Strainx10™ (D) Dislocation
D (nm) (lines*/m?) x10™ (1/m?)
(100) 30.4926 0.34 84.96 14.38 1.38
(002) 35.2959 0.3767 77.65 15.73 1.65

The XRD pattern of ZnO NTFs on the ITO glass substrate proved that the film exhibited a
polycrystalline nature and the resulted XRD pattern showed that ZnO NTFs had a hexagonal
wurtzite structure [27]. Many researchers have reported that the most intense peak in the XRD-
pattern was along the (100) plane and the ZnO NTFs was growing parallel to the c-axis of the
hexagonal crystal structure. The full width at half maximum for each peak is small, revealing a
good crystallization conditions with a large grain size. Assuming a homogeneous strain across
crystallites, the size of nanocrystallines can be estimated from the full width half maximum
(FWHM) values of diffraction peaks. The particle size could be obtained using Scherrer formula

[6]:

__Ki )
By COSO

where K is a constant often approximated to 0.94, (1=154 A) is the X-ray wavelength, 20 the
Bragg angle and g,, is the FWHM of the diffraction peak. A grain size value of 77.65nm
crystallite size has been estimated from (002) diffraction peak for ZnO films electrodeposited.
Though several phases of ZnO are observed, especially two phases at ZnO (100) at 30.492° and
ZnO (002) at 35.295° are dominant on the ITO substrate. The dislocation density §=1/D? and
micro-strain ¢ =(/3,,cos®)/4 were calculated in Table (1) following reference [28].
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Fig. 3. XRD for ZnO NTFs prepared by ECD for 10 min.

The surface morphologies of the grown structures are observed by the AFM investigations
and the images are shown in Fig. (4). The result show that the different deposition times used in
the preparation of ZnO NTFs. Times strongly affect of the surface NTFs. The surface grain size,
roughness and RMS values are presented in Table (2).
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Fig. 4. AFM images for ZnO NTFs prepared by ECD for : (a) 5 min, (b) 10 min, and (c) 15 min.

Table 2. Average values of grain size, roughness and RMS extracted from AFM measurements.

Deposition time (min) | Average Grain size(nm) | Average Roughness (nm) | RMS
5 77.15 6.23 7.61
10 96.57 7.28 8.39
15 104.6 47.1 54.2

The obtained FE-SEM images show that all the ZnO NTFs consist of nanoparticles with
diameters in the range (55-130 nm). This is compatible with AFM analyses in Fig. (4). The
different degrees of brightness of the grains indicate the presence of multiple layers of ZnO on the
substrates. The brighter grains represent the upper layer of the NTFs and the darker grains
represent the lower layer of the NTFs. These FE-SEM images are similar to that of [29] which
prepared by SILAR technique. The shapes of ZnO nanocrystals are spherical obviously
demonstrate in Figure (5). The EDX study of the prepared sample is shown in Fig. (6). It shows
that the sample contains only Zinc and Oxygen and small proportions of other metals.
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Fig. 5. FE-SEM for ZnO NTF fabricated by ECD technique for the following deposition
time and the corresponding white bar length respectively: (a) 5 min, 2 um, (b) 5 min, 200
nm (c) 10 min, 2 gm, (d) 10 min, 200 nm, (e) 15 min, 2 um, (f) 15 min, 200 nm.
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Fig. 6. EDX for ZnO thin films deposited in 10 min
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Fig. 7. Charactersitics of DSSCs with ZnO active layer prepared by ECD. Inset (a)
Structure of DSSC. Inset (b) The is the output power for different load resistance

Fig. 7 shows J-V characteristics of DSSCs with ZnO layer prepared by ECD for different
load resistance. The applied input power density is 50 mW/cm?® which is about half of AM1.
Maximum output power density is 1.34 mW/cm? which corresponds to conversion efficiency. 2.68
%. Table 2 summarizes the results. Although the efficiency of that DSSCs is still not competitor to
other types of solar cells, we still need such a low cost solar cells with acceptable conversion
efficiency.

Table 3. Solar cell parameters for DSSC with ZnO layer prepared by ECD

Vo (V) | Jsc (MA) Vi (V) | In(MA) Rs(©) |Rsh(k®) |F.F n (%)
0.59 6.17 0.35 3.86 25.0 17.1 0.37 2.7

4. Conclusions

In this study, we report a successful synthesis of low cost ZnO NTFs by using a simple
ECD cell with a relatively low d.c potential of 17.5 volt applied between two electrical electrodes
immersed in a tenuous zinc nitrate aqueous solution at room temperature. The morphological
images have shown that different deposition times in minute have a great effect on the physical
parameters of the grown structures.

However, it has been observed that the values of the direct bandgaps prepared by ECD
were relatively high and they were almost the same for the three different times. XRD studies
revealed that the deposited films were polycrystalline in nature with wurtzite phase. The NTFs
ZnO prepared by ECD can be used to fabricate DSSC with acceptable conversion efficiency.
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