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ABSTRACT

Transparent conductive zinc oxide films are of great importance due to their

applications in various electronic and optoelectronic devices, such as solar cells, gas sensors,

varistors and diodes. In this paper the preparation of ZnO thin films using dip coating

method on glass substrate with various annealing temperature ranging from 100 °C to 300 °C

in hot air oven, was discussed. Also, the characterization of prepared ZnO thin films was

discussed. XRD and SEM analyses indicate that the 300°C annealing temperature of ZnO

thin films illustrates the high crystalline size. From FTIR analysis, different transmittance

peaks were observed and it clearly indicates the presence of ZnO.
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INTRODUCTION
Zinc Oxide (ZnO)

(11-V1) of n-type semiconducting material.
high

capacity,

is a group

ZnO has very good properties like
melting point, high thermal
high conductivity and low coefficient of
thermal expansion. At room temperature,
the ZnO’s direct band gap energy (Eg)
value is 3.36 eV 9 (Kim and Leem 2021),
exciton value is

binding  energy
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60 meV and strong cohesive energy value
is 1.89 eV. ZnO has low resistivity, expert
transparency, high electron mobility of
~2000 cm?/ (Vs) at 80 K and it is used for
preparing variety of one—dimensional (1D)
nanostructures like nanorods, nanoflakes
and nanoneedles (Yu et al., 2020 and
Baviskar et al., 2013).
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ZnO is one of the most promising
materials for the fabrication of next
generation opto electronic devices in the
UV region. ZnO has lot of probable
applications like photo detectors, solar
light (LEDs),
chemical and biological sensors (Lin et al.,
2022),

transparent electrodes and heat mirrors,

cells, emitting diodes

the surface acoustic devices,

nanolasers, piezo electric nano—generators,
photo—catalyst, Liquid crystal display and
flat panel displays (Li Z et al. 2012,
Otieno 2017 and Nouri et al., 2017).

Different techniques have been

used to deposit ZnO thin film in

different substrate like spray pyrolysis
2001),
chemical vapor deposition (MOCVD),

(Nunes et at., metal organic
pulsed laser deposition (Lu et al., 2000),
magnetron sputtering (Jiang et al., 2003),
sol-gel process (dip coating or spin
2009

Balakrishnan et al., 2020), chemical and

coating) (Lupan et al., and
electro chemical deposition (Khallaf et al.,
2009), molecular beam epitaxy (Hacini et
al., 2021),

(Goux et al., 2005) etc.,. Among these

electron beam evaporation

techniques, sol-gel process has lot of
than like

cost of

advantages other methods

homogeneous coating, low
apparatus, used to prepare high quality thin
films in easy way and low crystallization

temperature. Moreover, in sol-gel process
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the dip coating method was generally used
because it has low cost, environment and
eco friendly and easy to make solution and

work in low deposition temperature.

The aim of this paper is preparation
of ZnO thin films using dip coating
method on glass substrate with various
annealing temperature ranging from 100
°C to 300 °C in hot air oven. The structural
and morphological analysis of prepared
ZnO thin films was characterized and the

results are discussed.

METHODOLOGY
Synthesis of ZnO thin film

The quantity of 0.1mole of zinc
acetate dihydrate solution was dissolved
in 100 ml of distilled water and stirred
continuously for 1 hr at room temperature.
The resulting solution was maintained
at a pH value 7.0 by adding 0.1 mole  of
HCI solution drop by drop. The cleaned
glass substrate was first dipped in zinc
acetate solution with a with-drawl speed of
1cm/ min and then dipped in hot water
solution for the same with-drawl speed.
This dipping process was repeated for 50
times. The same procedure was followed
for preparing three ZnO thin film samples.
Finally, the prepared samples were
annealed in hot air oven at three different
temperatures like 100, 200 and 300 °C for

1 hr (Kalpana Rajan et al., 2012).
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RESULT AND DISCUSSION
XRD analysis

The XRD spectra of ZnO thin film
annealed at 100°C, 200°C and 300 °C is
given in the figure 1. X- ray diffraction
(XRD) analysis of ZnO thin film annealed
at 100°C exhibits the amorphous nature
and no crystalline peaks were observed. At
200 °C annealing temperature of ZnO thin
film observed the peaks at 32.5° and small
hump peak at 36.5° which indicates the
lattice plane at (100) and (101) (Saleh et
al., 2012; Khan et at.,, 2011 and Zaier et
al., 2015).

Fig.1 XRD pattern of ZnO thin film at different
annealing temperatures
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The XRD pattern of ZnO

thin film annealed at 300 °C produces the
diffraction peaks (26) at 32.7°, 36.6° and
39.8° corresponding to the hkl lattice
planes (100), (101) and (102) respectively
(JCPDS 00-036-1451).The

observed sharp intensity peaks clearly

card No.
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indicate the synthesized ZnO thin film at
300°C has hexagonal wurtzite structure.

The peak intensities are increased
with
The
observed at 300°C. (Purwaningsih et al.,
2020 and Toe et al., 2020). The intensity

of the increased peak indicates the highest

increasing annealing temperature.

maximum intensity peak was

grain size at 300°C. The values were

illustrated in tablel.

Table 1: X-ray diffraction data for ZnO thin
film with various annealing
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100 Amorphous nature
32.0 | (100)
200 | 362 | (101) 21 | 0.0018 | 22.67
32.7 | (100)
300 | 36:6 | (101) | 28 | 0.0012 | 1275
39.8 | (102)
Temperature
The average grain size (D) of the
samples was calculated by Debye-

Scherer’s formula. At high temperature,
more energy should be available for the
atoms; so that they may diffuse and
occupy the correct site in the crystal lattice
with lower surface energy, in turn, grow
larger in size. This behavior may be
attributed high

temperature that enhances the more energy

due to annealing
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and mobility. It will cause an improvement

in the crystalline quality of ZnO thin film.

Similarly, when increasing the
temperature, the strain and dislocation
density values were found decreasing. The
observed results were illustrated in table
1.The dislocation density value was found
at 22.67 for 200°C and 12.75 for 300°C
and the strain values were observed at
0.0018 for 200°C and 0.0012 for 300°C.
This may be caused due to the decrease in
concentration of lattice imperfection. It
may be arisen due to lattice misfit in the
ZnO thin film and improved the crystalline
nature of ZnO thin film (Salim and Amroun
2022)

SEM analysis

Fig. 2 SEM photographs of ZnO thin film
annealed at (a) 100, (b) 200 and (c) 300 °C

(a) 100 °C
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(c) 300 °C

SEM HV: 30.0kV |
View field: 10.3 pm |
SEM MAG: 13.4 kx| Date(midly): 08/04/16

WD: 8.44 mm
Det: SE

Gandhigram Rural institute

The surface morphology of ZnO
thin film annealed at 100, 200 and 300 °C
and their respective SEM photographs
have been depicted in figure.2. The surface
morphology of ZnO thin film annealed at
100 °C illustrates that the irregular form of
ganglia like hills surface morphology with
some cracks was observed. At 200 °C of
ZnO thin film the same ganglia like hills
surface morphology was observed with
crystalline size of about 23 nm. Similar
morphology was observed in 300°C
annealing temperature of ZnO thin film but
the cracks were decreased with increasing

annealing temperature.

As the crystalline size increases
the volume and size of the ganglia like
hills also increased. This is caused, when
the annealing temperature is increased
from 200 °C to 300 °C. (Saravanakumar et
al., 2014 and Sakthivel et al., 2017). This
variations were observed due to increase in
diffusion of charges which causes increase
crystalline size of the sample at 300 °C

which confirmed from XRD data.



PREPARATION AND CHARACTERIZATION OF ZnO THIN FILM WITH VARIOUS ANNEALING

TEMPERATURE

Fig.3 Fourier Transform Infrared spectra
of ZnO thin film at different annealing
temperature
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FTIR spectra of ZnO thin
film with different annealing temperature
as shown in fig.3. At 100,200 and 300°C
annealing temperature of ZnO thin film,
the peaks were observed at 490 cm™ and
505cm* which are due to Zn-O zinc oxide
bond or oxygen deficiency and stretching
vibration mode respectively. In all the
films studied, raising the temperature
above 200°C, a broad peak observed at
1550cm™?(300°C) corresponds to C=0
symmetric group. All the samples show a
low intense peak at 2450cm? which
attributes to the bending vibrations of
0O=C=0 mode. C-H stretching vibrations
of alkane groups was observed at 2950
cmt in all three annealing temperature of
ZnO samples. (Wang et al., 2018 and. Al-

Baradi et al., 2020)

33

IMIRJ-VII (1) ISSN: 2456 — 4613

Table 2: Characteristic FTIR peak spectra of
ZnO thin film

Wave number (cm™) | Assignment

100 | 200 | 300

°C °C °C

490 | 490 490 | Zn-0O zinc oxide

505 | 505 505 | bond

- - 1550 | Symmetric C=0
group vibration

2450 | 2450 | 2450 | bending vibrations
of 0=C=0

2950 | 2950 | 2950 | C-H stretching
vibrations of alkane
groups

CONCLUSION

In this paper, the preparation

of ZnO thin films at different annealing
temperatures like 100, 200 and 300°C
using method

thin

dip  coating was
The
were structurally characterized by XRD,
SEM and FTIR analysis. XRD and SEM

analyses indicate that the 300°C annealing

discussed. prepared films

temperature of ZnO thin films illustrate
the high crystalline nature with high
crystallite size of ganglia like hills surface
morphology structure were observed.
FTIR study clearly indicates the presence
of ZnO samples due to the presence
of spectral bonding. It is suggested that
this prepared ZnO thin film is the
preferable one for a candidate who will opt
for optoelectronic applications such as
cells and diode

photovoltaic  solar

fabrication.
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