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Abstract: The ZnO thin film is prepared on Fluorine Tin Oxide (FTO) coated glass substrate by
using SILAR deposition technique containing ZnSO4.7H,O and NaOH as precursor solution with
150 deeping cycles at 70 °C temperature. Nanocrystalline diamond like ZnO thin film is
characterized by different characterization techniques such as X-ray diffraction (XRD), Fourier
transform (FT) Raman spectrometer, Field Emission Scanning Electron Microscopy (FE-SEM) with
Energy dispersive X-Ray Analysis (EDAX), optical absorption, surface wettability and
photoelectrochemical cell performance measurement. The X-ray diffraction analysis shows that the
ZnO thin film is polycrystalline in nature having hexagonal crystal structure. The FT-Raman
scattering exhibits a sharp and strong mode at 383 cm ' which confirms hexagonal ZnO
nanostructure. The surface morphology study reveals that deposited ZnO film consists of
nanocrystalline diamond like morphology all over the substrate. The synthesized thin film exhibited
absorption wavelength around 309 nm. Optical study predicted the direct band gap and band gap
energy of this film is found to be 3.66 eV. The photoelectrochemical cell (PEC) parameter
measurement study shows that ZnO sample confirmed the highest values of, short circuit current
(I - 629 pAcm?), open circuit voltage (Vo - 878 mV), fill factor (FF - 0.48), and maximum
efficiency (n - 0.89%), respectively.
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1. Introduction

Zinc oxide (ZnO) is an II-VI group semiconductor having wide band gap energy (Eg~3.3-3.4
eV at 300 K) [1,2,3].

Zinc oxide (ZnO) thin films have been fruitfully incorporated in the transparent conducting
oxides used in modern solid state technologies such as, optoelectronic devices, Solar cells, sensors,
heat reflecting mirrors etc. [4].

In the recent years, various techniques are used for the preparation of ZnO thin films such as,
chemical vapor deposition (CVD), RF magnetron sputtering ,Pulsed laser deposition, Photo-atomic
layer deposition, spray pyrolysis, Metal oxide chemical vapor deposition (MOCVD,
Electrodeposition, Sol-gel process, Successive lonic Layer Adsorption and Reaction (SILAR),
Chemical bath deposition (CBD) etc.

The SILAR technique has many advantages such as effectiveness, simplicity, easily controlled
deposition rate, deposition parameters, and thickness of the film. For synthesis of ZnO thin films, the
basic building blocks are ions instead of atoms and thus, the preparative parameters can be easily
controlled.

The SILAR technique is also known to be a modified version of chemical bath deposition.
Apart from effectiveness and simplicity, there are another advantages to convenient for large scale
deposition mainly: i) the process can be approved on any kind of substrate, ii) It does not require
high quality substrates, also not require vacuum at any stage, iii) By changing the deposition cycles,
the deposition rate ,thickness of the film can be easily controlled, also it operates at low temperature.
This SILAR technique is totally based on the adsorption and reaction of the ions from the solutions.

In this work, the ZnO diamond like nanostructure is prepared by SILAR technique and
characterized by using XRD, FE-SEM, and UV-vis absorption study.

2. Materials and Method

ZnO thin film is deposited on FTO coated glass substrate by means of Successive lonic Layer
Adsorption and Reaction (SILAR) technique. Zinc sulphate (ZnSO,4) and sodium hydroxide (NaOH)
are used as the precursors for the synthesis of ZnO thin film. The cationic precursor of required
concentration for 0.1 M ZnO is prepared by mixing zinc sulphate powder (used as the complexing
agent) in 100 ml deionized water solution. The pH of the cationic solution is ~6. For the deposition
of ZnO thin film; the substrate is immersed in cationic precursor solution at about 20 seconds in
which the zinc ions are absorbed by FTO substrate and then substrate is rinsed in deionized water
about 5 seconds. Thereafter, the substrate is immersed in the anionic precursor solution 0.1 M
(NaOH) for 20 seconds, NaOH solution is kept at constant temperature bath (about 70 °C); the
oxygen ions reacted with the adsorbed Zn" ions on the substrate. Finally, the substrate is immersed
in deionized water for 5 seconds to remove the loosely bound ions. This completes one SILAR cycle
for deposition of ZnO thin film. For 150 SILAR cycles, we have to obtain deposition of ZnO thin
film of beloved thickness.

The structural characterization of ZnO diamond like nanostructure is carried out by X-ray
diffractometer under Cu—K,, copper target from a Bruker D2 phaser model. Surface morphology of
ZnO nanostructure is studied using field emission scanning electron microscope (FE-SEM) of
Hitachi (S-4200 model. Absorption spectrum is recorded at room temperature with UV—-Vis
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spectrophotometer (1800 Shimadzu, Japan). Raman scattering experiment is performed in at room
temperature with Raman system from Bruker AXE Analytical Instruments PVT, Germany. The
Raman spectrum excited with Nd: YAG laser source at wavelength1064 nm having Raman shift 500
to 1200 cm™ having Ge detector is also used. Keithley 4200-SCS model is used to measure the

photoelectrochemical cell parameters of ZnO tin film.

3. Results and Discussion

Figure 1 shows the distinctive XRD pattern of ZnO thin film. XRD pattern of ZnO sample
shows the polycrystalline nature having hexagonal crystal structure. The reflection peaks are to be
observed at (101), (1020 and (200), which can be perfectly matched with JCPDS Card No. 00- 036-
1451 [5,6]. The intense diffraction peak is observed at (102) then by using the Scherer’s formula [7],
we have to calculate the crystallite size of the peak (102) and found to be 113 nm.

JCPDS Card no. 036-1451 (@ FTO

(102)

(E)) .

Intensity (a. u.)

30 40 50 60 70
20 (Degree)

Figure 1. XRD pattern of (a) FTO (b) ZnO thin film.

Figure 2 represent the FT-Raman spectrum of ZnO thin film. The Nd: YAG laser having 1064
nm wavelength of source of light is used. The Raman signals are usually very sensitive to detect the
unknown crystal structure as well as to verify the defects in the crystal structure. The sharp intense
peak is observed at 383 cm ' (known as Raman active optical phonon mode), which confirms
hexagonal phase of ZnO compound. All these peaks (101, 318, 361, 383 cm ') well matched with

literature values [8,9,10].
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Figure 2. FT-Raman spectrum of ZnO thin film.

Surface morphology is very important tool to investigate nanostructure of thin film. Figure 3a
shows the surface morphology of the prepared film. FE-SEM shows the nanocrystalline diamond like
morphology, which is useful for semiconductor gas sensor and also demonstrate aggregation of the
particles. This aggregation occurred probably during the process of drying reported in the
literature [11]. The EDAX spectrum of the prepared ZnO sample is shown in Figure 3b. Thus, the
sample contains only Zinc and Oxygen impurity.

Full Scale 1850 cts Cursor: 0.000 ke

Figure 3. (a) FE-SEM image of prepared ZnO thin film (b) EDAX of ZnO thin film.

Figure 4 shows the absorption spectrum of ZnO thin film. The absorption wavelength is
observed at 309 nm in the absorption spectrum. The thickness of the film is measured with the help
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of surface profilometer and found to be 274 nm. The optical band gap energy (E,) of the thin film is
calculated from Tauc’s plot, as shown in inset of figure 4.
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Figure 4. Absorption spectrum of ZnO thin film (Inset of fig. Band gap of ZnO thin film).

The plot suggests that the film have direct allowed transition. For such transition, we have
(ah3)* = A(h8-E,)" (1)

Where, o be an absorption coefficient, hv is photon energy, E, is optical band gap, n = 1, for
direct allowed transition & A is a constant. The band gap value of ZnO thin film is found to be 3.66
eV. This value is in good agreement with the value reported earlier [12].

The quantitative valuation of the wetting property of a solid with a liquid is expressed in terms
of the contact angle 6. Figure 5 shows the schematic diagram of the contact angle and the interfacial
surface tension. The most important relation regarding the contact angle is Young’s equation [13]
that relates the contact angle 0, solid-vapor surface tension vsy, liquid-vapor surface tension y;y, and
solid-liquid surface tension 7y, as expressed as,

71VC089:7W—]/S1 (2)
The contact angle of the water drop on the thin film is measured using a contact angle

goniometer. The image of the drop is analyzed with the standard software to compute contact angle
and found to be 75° which is hydrophilic having surface tension 39 dyne/cm.
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Figure 5. Water droplet contact angle on ZnO thin film.

The PEC is the most reliable technique, for conversion of the solar energy into the electrical
energy. The PEC solar cell have wide applications due to low fabrication cost, high through put and
easily to form the junction in an electrolyte [14,15]. Moreover, the photovoltaic activity of ZnO film
is studied by forming the photoelectrochemical cell having ZnO/0.5 M (Na,;SO,)/C cell configuration.
Figure 6 shows the [-V characteristics of the ZnO thin film in the dark and under illumination having
input power is 30mW/cm” respectively. For ZnO thin film, the preparative parameters such as open

circuit voltage (V,), short circuit current density (Iy), fill factor (FF) and efficiency (n%) are
presented in Table 1.

Table 1. I-V parameters of ZnO thin film in the dark and under illumination condition.

Sr. no. Sample Isc (MA) Voc (mV) Imax Vmax FF n %
1. ZnO 629 878 614 435 048 0.89
1001 Dark /
NA 0 T T . T . T . T
g d 200 400 600 80
% '100'_ Voltage (mV)
= -200-
0 -300-_ Light
G -4004 f
5 -
O -500-
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Figure 6. Photocurrent against voltage curve in the dark and under visible light of ZnO thin film.
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4. Conclusion

In this work, ZnO thin film is successfully synthesized through SILAR technique. XRD study
reveals that ZnO thin film is polycrystalline nature having hexagonal crystal structure. The FT-
Raman spectrum shows that the observed peak at 383 cm ™' is due to Raman active mode, which
confirms the hexagonal ZnO compound. FE-SEM study reveals that diamond like morphology.
EDAX analysis confirms that the sample is composed of Zn and O. The band gap energy is found to
be 3.66 eV. In addition, a surface wettability studies show ZnO is hydrophilic in nature. For PEC
measurements the ZnO sample shows relatively maximum efficiency (n = 0.89) under visible light
illumination.
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