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In this work, we have studied the structural and optical properties of ZnO thin films. Pure thin films of
ZnO were prepared on glass substrate by sol gel dip coating method and annealed at a temperature of
150 °C. Similarly, 1 gm PVA capped ZnO thin film was prepared and annealed at 250 °C and the last sam-
ple of 2 gm PVA capped ZnO thin film was prepared and annealed at a temperature of 350 °C. The increase
in sol aging time resulted in a gradual improvement in crystallinity of the hexagonal phase for all diffrac-
tion peaks. Effect of sol aging on optical transparency is quite obvious through increased transmission with
prolonged sol aging time. Interestingly, 24 hour sol aging time was found to be optimal to achieve smooth
surface morphology, good crystallinity and high optical transmittance which were attributed to an ideal
stability of solution. The ZnO thin films have been characterized in terms of morphological, structural and
optical properties by scanning electron microscopy (SEM) and ultraviolet—visible (UV-Vis) spectroscopy.
The UV-Vis transmittance spectrum of synthesized sample gives the optical band gap value of 3.2 eV,
3.15 eV and 3.1 eV. Along with thin films, nanopowder is also synthesized by sol gel method and character-
ized by XRD, which can be potentially used in cosmetic industry. Sol-gel dip coating technique creates pure
and capped ZnO films with potential for applications as transparent conducting electrodes in optoelectronic
devices, such as solar cell and light emitting diodes.
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1. INTRODUCTION

The application of ZnO in photovoltaics is not lim-
ited to act as electron transport material (ETM) in dye-
sensitized solar cells (DSCs) and hybrid solar cells
(HSCs) [1]. It can also be applied as optical spacer in
polymer solar cells (tandem, hybrid and inverted organ-
ic solar cells) [2-7]. The ZnO is not toxic unlike indium
tin oxide, which is one of the most currently used trans-
parent conducting oxide (TCO) films. The direct wide
band gap of ZnO, Eg = 3.37 eV, makes it transparent for
a large wavelength range in the solar spectrum. Other
advantages of the use of ZnO as layers in photovoltaic
cells concern its high chemical and physical stability,
thermal stability in hydrogen plasma atmosphere, large
excitons binding energy of 60 meV, high electrical con-
ductivity and finally, its low cost price.

ZnO thin films have been prepared using several
deposition techniques such as pulsed laser deposition
[8], magnetron sputtering [9], spray pyrolysis [10] and
sol-gel [11]. Compared to other techniques, sol gel is
simple, non-vacuum and inexpensive method. Moreo-
ver, it is useful for producing large scale films. The
quality and physical properties of films prepared using
the sol gel dip coating technique depend on different
deposition and post-deposition conditions, such as the
nature and concentration of precursor, substrate tem-
perature, dipping and annealing. In these parameters,
substrate temperature usually plays a crucial role in
growth of ZnO films. It has been revealed that these
conditions have a significant effect on properties of ZnO
based TCO films.

In the present work, we have studied the nanopow-
der and thin films obtained by sol gel method and char-
acterized the deposited thin films by XRD, SEM and
Spectrophotometer.
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2. EXPERIMENTAL DETAILS

2.1 Preparation of ZnO Nanoparticles by Sol-gel
Method: Our Methodology

Zinc oxide nanoparticles were synthesized by sol-gel
method using zinc acetate and ethanol as precursors.
In the preparation, 16 gm of zinc acetate was dissolved
with 8 gm of NaOH with distilled water and add 112 ml
of ethanol. Also, we added some capping agent to con-
trol the size of nanoparticles, i.e. (PVA). After 10 min
magnetic stirring at room temperature the resultant
solution was subjected to gelatin for one-day constant
stirring for 2 hours, from which the zinc oxide nano-
material in the form of powder was obtained. The re-
sultant powder was annealed at 80 °C for 15 min. After
that, we repeated the same process to prepare zinc
oxide thin films by dip coating process.

2.2 Preparation of ZnO Thin Films by Sol-gel
Process through Dip Coating

In our experiment, the sol-gel method was used for
preparing thin films by dip coating. In a typical proce-
dure, 12.6 gm of zinc acetate dihydrate (as a precursor)
was added to 400 ml of distilled water with constant
stirring to dissolve zinc acetate completely. Then the
solution was heated at 50 °C, and 600 ml of absolute
alcohol was added drop-wise to the vessel and then
mixed using a magnetic stirring. After this, 6 ml of
H202 was added drop-wise to the vessel and mixed with
magnetic stirring to get almost a clear solution. We
prepare two solutions: one is pure H2O2 and other with
capping agent H202. Both solutions were incubated for
one day.

After that, a sol thick solution was prepared and dip
coating was done. In pure sample we dipped slides 2-3
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times and for capping agent solution we dipped slides 5
times. Then the layers were formed on the slides, and
we started heating from 80 °C to 350 °C in hot air oven.
After that, we found that there was a film formed on
the slides. Similarly, we prepared another sample i.e.
pure and with capping agent PVA. Final obtained thin
films were transparent and were further processed for
characterization.

3. RESULTS AND DISCUSSION

To evaluate a material quality of the semiconductor
thin films a wide variety of characterization techniques
were used. The structural properties of the polycrystal-
line films were studied by the (SEM) and the crystalline
phase was determined by the XRD. The optical proper-
ties of the films were studied by UV-Vis spectroscopy by
using transmission measurements.

3.1 Xray Diffraction Analysis

The phase purity and composition of particles is ob-
tained by a sol gel process which is examined by XRD.
Diffraction from as prepared and annealed ZnO nano-
particles sample is based on the Bragg’s equation
nA = 2dsinf, where n is an integer, d is the interplanar
spacing and } is the wavelength. The crystallinity of
powder is determined by X-ray powder diffraction
(XPRD). Analysis was done by diffractometer equipped
with a CuK, radiation source, maintaining applied
voltage of 45 kV and current at 1000 Ma. About 0.5 gm
of dried ZnO particles were deposited as an oriented
powder into a sample container, and XRD pattern was
recorded between the 20° to 80 ° angles with speed
10 deg/min. We used Scherrer equation to determine
the crystalline diameter obtained by XPRD peaks [12].

D = K A/ Bcosb,

where 1 is the X-ray wavelength (1=0.15418 nm with
CuK,, radiation), S is the full width at half maximum
(FWHM) of a diffraction peak, 6 is the diffraction angle
and K is the Scherrer constant of the order of unity for
usual crystal and thin films.

In this work, ZnO nanoparticles show typical XRD
pattern, the phase purity and the compositions of the
particles obtained by sol gel process, which is examined
by XPRD as shown in Fig. 1. A number of Bragg reflec-
tions with 26 values of 31.74°, 35°, 36.83° and 47.62°
are observed to corresponding planes (100), (101) and
(102). The size of nanoparticles is determined as
59.3 nm from the width of dominate peak (100), (002)
and (101) reflections according to the Debye- Scherrer
equation. Diffraction peaks are indexed according to
hexagonal phase since no peaks of impurity except ZnO
are found good crystalline in the sample. We also ob-
served that the intensities of Bragg peaks of annealed
ZnO sample is sharp and narrow compared to as pre-
pared ZnO nanoparticles, it confirms that the sample
exhibits good crystallinity and increased particle size.
But some small peak was shown in XRD graph which
indicates that impurities exhibit in sample. However,
the XRD pattern of ZnO powder sample annealed at
80 °C for 15 min shows a small peak 26 ~ 26.25° corre-
sponding to sample holder such that it has no relation
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of wurtzite hexagonal phase of ZnO. The ZnO nanopar-
ticles also exhibit several diffraction peaks which can
be indexed as hexagonal wurtzite ZnO lattice parame-
ters as @ = 3.224 A and ¢ = 5.1904 A. The broadening of
peaks in the XRD pattern shows small particle size of
the synthesized ZnO [13].
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Fig. 1 - XRD pattern of ZnO nanoparticles sample prepared
by sol-gel method

3.2 SEM Analysis

Fig. 2 shows SEM images of ZnO thin films an-
nealed on glass substrate at a temperature of 150 °C
which is homogeneous and continuous [14]. Surface
morphology of thin film is important tool to search
microstructures of thin films. SEM micrographs reveal
that the thin films are found to be crack free, having
uniform texture the substrate and the films found to be
spherical like structure. The average diameter of the
rods for the thin film deposited and annealed at 250 °C
in Fig. 3 was found to be approximately 0.61-2 um. We
found that the average diameter of the fibers increases
with annealing temperature and the fiber structures
become thicker in diameter [15]. Due to addition of
capping agent PVA and annealing at different tempera-
tures there is a great influence on the diameter of spi-
ral structure. In Fig. 4, ZnO thin films with different
zinc concentration 0.35 M and 0.64 M and with the
capping agent PVA show non-uniform surface morphol-
ogy as compared to other thin films [16]. The image
reveals good adhesion properties because there is no
crack and voids in figure. The thin film deposited on
the glass substrate showed the spherical, spiral, granu-
lar particle shape and the average particle size near
about 1-2 pm. The SEM images of ZnO thin film were
taken at the x20,000 and x10,000 magnification. SEM
images of ZnO thin film with different magnification at
different temperatures show various kinds of morphol-
ogy structures [17]. By scanning the sample, the image
in SEM is produced with a focused electron beam and
detecting the secondary or backscattered electrons.
Electrons during their passage through specimen de-
termine different information about the sample. The
resolution of the SEM approaches a few nanometers,
and the instruments can operate at magnifications that
are easily adjusted from ~ 10 to over 100,000. Not only
does the SEM produce topographical information as
optical microscopes produce, but it also provides the
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chemical composition information near the surface. It is
clear from later images (Fig. 4) that surface morpholo-
gy is considerably affected by sol aging time. Effective-
ly, as-prepared thin film produces the appearance of
granular structures composed of small grains that ap-
pear somehow aggregated with porosity around.

We observed that the size of samples can be con-
trolled by capping agent.

Fig. 2 — SEM images of ZnO thin film samples prepared at
150 °C

Fig. 3 — SEM images of ZnO thin film sample prepared at
250 °C with capping agent (1 gm PVA)

3.3 UV-Visible Spectroscopy

UV-Vis absorption spectroscopy is a powerful tech-
nique for the optical properties of semiconductor nano-
materials. The optical properties of bulk materials and
thin films are very important for optoelectronic applica-
tions and the properties of absorbance (A), transmittance
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Fig. 4 — SEM images of ZnO thin film sample prepared at
350 °C with capping agent (2 gm PVA)

Table 1 — Shape and size of samples prepared at 150 °C (a),
250 °C (b) and 350 °C (c)

No Sample details Shape Size
Thin film sample prepared | Spherical
U lat 150 °C shape 1.80 pm
Thin flim sample prgpared Spiral
2 |at 250 °C (with capping 1.07 pm
shape
agent of 1 gm)
Thin film sample prepared
3 |at 350 °C (with capping Granular 0.61 um
shape
agent 2 gm)

(1), reflectance (R) characterize the interaction of inci-
dent radiation with a coating of material. These proper-
ties are also related to intrinsic properties of thin film.
To investigate optical properties of ZnO thin films pre-
pared at different temperatures, the transmittance was
measured as wavelength between the range of 300-
800 nm. The samples were prepared by dip coating
method, two samples are in pure and the other two with
capping agent. The samples show optical transparency
ranging from 70 % to 80 % approximately [18]. As we
know, the high transmittance of the deposited thin films
mainly results in low thickness. If the thickness of sam-
ples was increased, the transmission goes on decreasing.
The decrease in transmittance may be due to increase in
optical scattering caused by increase in grain boundary
density. In the visible region of solar spectrum, trans-
mission spectra show sinusoidal behavior; this may be
layered structure of thin film at different annealing
temperatures. The value of band gap is calculated from
absorption edge of thin films [19, 20]. For direct transi-
tions, the absorption coefficient is given as:

(ahv) = A (hv — Eg)'2,

where A is the constant, v is the frequency of the inci-
dent radiation and Egis the energy gap. It is evident that
surface defects control the transmittance and hence the
desired transparency can further be obtained by engi-
neering such defects.

Band gaps are one of the most important properties
of semiconductors. To develop the electronic band struc-
tures of thin film of a material, it is necessary to deter-
mine band gap energy Eg. The most common method
was to determine the band gap of semiconductor by opti-
cal absorption and transmission measurements [21, 22].
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Fig. 5 — Transmittance of ZnO thin films prepared at differ-

ent temperatures: 150 °C (a), 250 °C (b), 350 °C (c)

Table 2 — Different energy band gap and transmittance

No Annealing Transmittance | Band gap
temperature (°C) (%) (eV)

1 Z‘(llog)g},ig)f;lgeat <60 % 3.2 eV

2 (2?89(;)}111151?})%&) <92 % 3.15 eV

3 (3§890t)h;n£r?p§l;tm <80 % 3.1eV
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Fig. 6 — Band gap of ZnO thin films prepared at different
temperatures: 150 °C (a), 250 °C (b), 350 °C (c)

Table 2 shows different values of energy band gap
and transmittance.

This experiment calculates the exact value of band
gap energy with lower energies. ZnO thin film annealed
at different temperatures shows transparency in the
visible range. The band gap variation of ZnO thin film
annealed at different temperatures is shown in Fig. 6. The
optical band gap was obtained by Tauc’s method, which is
intercepted along x-axis. The band gap for ZnO thin film
grown at 150 °C was (3.2 eV). As the temperature in-
creased from 250 °C to 350 °C, then optical band gap
shifted from 3.15 eV to 3.1 eV. It was found that the band
gap increases at high temperatures. It decreases from its
actual band gap that is 3.37 eV. The small variation of
band gap shows that band gap energy might originate
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from the defects in ZnO thin films.

These investigations suggest that capping appears
to control the structural defects and hence modify the
optical properties of ZnO thin films. Further studies in
light of variation of capping agent concentration need
to be done for band gap engineering.

4. CONCLUSIONS

We used the low-cost method to prepare the thin
films and nanopowder. ZnO nanopowder is prepared by
sol gel process and analyzed by X ray diffraction, which
shows that ZnO nanopowder has crystalline structure.
Also in XRD graph, some impurities were found. The size
of particles was near about 58.93 nm. In addition, the ZnO
thin films were successfully prepared by the sol-gel dip
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Haunomopomoxk Ta ToHKI wiIiBku ZnO, oTpuMaHi METOZOM 30JIb-T'E€JII0
Ankita, Sanjay Kumar, Sudhir Saralch, Dinesh Pathak*

Department of Physics, Sri Sai University, Palampur, India

V¥ po6oTi BUBUEHO CTPYKTYPHI Ta OITUYHI BJIACTHBOCTI TOHKUX ILTiBOK ZnO. Yueri Torki mmisku ZnO ro-
TYBAJIX Ha CKJIAHIA IMNIKIAOI METOIOM 30JIb-TeJI0 13 3aHYyPEeHHSIM Ta BIAMATIOBAJIN IIPHA TEeMIEepaTypil
150 °C. Amasnorivuo, ToHry 1wiiBky ZnQO, seroBamy 1 rm PVA, rorysasnum i BigmasioBasm mpu TeMIIepaTypi
250 °C, a ocrauHiit 3pa3ok — ToHRY mwiaiBKy ZnO, smeroany 2 rm PVA, rorysasu 1 BinamoBaau mpu Temiie-
parypi 350 °C. 30liblIeHHs Yacy CTAPIHHS 30JI10 IIPU3BEJIO 0 IIOCTYIIOBOTO IOJIIIIEeHHS KPUCTAIYHOCTI
TeKCaroHaJIbHOI pasy A1 ycix AudpakIiiiHuX miKiB. BIUIMB cTapiHHA 30J110 HA ONTHYHY IIPO30PICTh IILIKOM
OUYEBHIHUHN Yepes MOCUJIeHE ITPOITyCKAaHHsA 13 301IbIIeHHsIM Jacy crapiaasa 300, [[ikago, 1mo 24-rogquHumit
Yac CTapiHHsA 30JI0 BUSABUBCSA ONTUMAJILHUM JIJIS JOCITHEHHS TJIaJKO0I MOP(OJIOril OBEpXHi, TapHOi KpHUc-
TAJIIYHOCTI T BUCOKOTO OIITHYHOIO IIPOIYCKAHHS, AKI OyJIM MOB'sI3aHl 3 1JIeaJIbHOK CTAOLIBHICTIO PO3YMHY.
Touxi mrieku ZnO xapaxrepudyBasricss MOPQOJIOTIYHUMHY, CTPYKTYPHIME Ta OIITUYHUME BJIACTHBOCTSIME 34
JIOTIOMOTO0I0 CKAHYI0U01 eJIEKTPOHHOI MIKPOCKOITII Ta yJibTpadiosieToBol Ta Buaumoi crerrpockomii (UV-Vis).
CrieKTp IpoIryCKaHHs yabTpadioIeTOBOT0 BUIIPOMIHIOBAHHS CHHTE30BAHOIO 3pa3Ka Jiae 3HAYEHHsI OITUIHOT
3aboponenoi 3ouu 3.2 B, 3.15 eB 1 3.1 eB. Tak camo sik 1 TOHKI ITIBKY, HAHOIIOPOIIIOK CHHTE3yeThCS METO-
IIOM 30JIb-TeJII0, XaparTepuadyerbesa XRD 1 Moske OyTH IIOTEHIIIHO BUKOPUCTAHUI Y KOCMETHYHIN IIPOMICIIO-
BoCTi. MeTo/1 30J1b-TeJII0 13 3aHyPeHHAM CTBOPIOE YKCTI 1 jeroBaHi wiiBku ZnO 3 MOMKJIMBICTIO 3aCTOCY BAHHS
SK IIPO30P1 IIPOBIIHI €JIEKTPOIN B OIITOCJIEKTPOHHMX IIPUCTPOSX, TAKUX AK COHIYHI €JIEMEHTH 1 CBITJIONI0IH.

Knrouoei ciosa: TCO, Hanecenns: mokpurts 3anypenssM, CTpyKTypHI BiiacTuBOCTI, 3a00poHeHa 30HA.
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