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ABSTRACT

Nanocrystalline ZnO thin films are deposited on glass substrates by by sol
gel process. The crystalline structure, morphology and size were
determined by X-ray diffraction (XRD) and transmission electron
microscopy (TEM). The X-ray diffraction results indicated that ZnO
nanoparticles have a hexagonal wurtzite structure and average particle size
is about 4 nm. Photoluminescence spectra showed two peaks which were
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in the UV emission centered at 375 nm, and visible emission centered at

475 nm. © 2015 Trade Science Inc. - INDIA

INTRODUCTION

ZnOisall-1V semiconductor compound and has
adirect bandgap around 3.2-3.37eV in 300K witha
high exciton binding energy of 60 meV andisawide
bandgap semiconductor. ZnO thin films are impor-
tant materialg¥, dueto their unigque properties such
as low electric resistance, high transparency in the
visible light, piezoelectricity, high voltage-current
nonlinearity and chemical stability!? and their ap-
plications are in bulk acoustic wave solar cells,
transparent electrodes, blue UV light emitter device
and gas sensorg¥18, Various chemica methods have
been developed to prepare nanoparticles of differ-
ent materials of interest. Most of the ZnO crystals
have been synthesized by traditional high tempera-
ture solid state method in which, it is difficult to
control the particle properties and also energy con-
suming. ZnO nanoparticles can be prepared on a

large scale at low cost by simple solution based
method, such as chemical precipitation, sol-gel syn-
thesis, and hydrothermal reaction’®4, Among these
methods, the hydrolysis of zinc acetate saltsin al co-
hol has been extensively investigated to obtain
monodi spersed ZnO nanoparticled*s.

Severa deposition techniques have been used
to grow the ZnO thin films which include thermal
evaporation*¥, sputtering™”*¥, chemical vapor depo-
sition*¥, spray pyrolysig®-?3, the sol— gel method®,
dip coating®. In the present investigation we have
used the sol-gel technique to deposit the ZnO thin
filmsasthistechnique isbeing smple, inexpensive
in fabrication of alarge number of samples, easier
for composition control, with accurately controlled
mole ratio, high solubility, better homogeneity, and
lower processing temperature and a general advan-
tage of large area deposition and any suitable thick-
nessof thefilm.
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In this work, a sol-gel method to deposit ZnO
nanoparticle (NP) thin films on the glass substrates
has been investigated. The structural, optical, and
electrical properties of the filmswere characterized
by X-ray diffraction (XRD), photoluminescence
(PL), UV—vis spectrometry

EXPERIMENTAL

ZnO sol was prepared using zinc acetate dehy-
drate (Zn(CH3COO)2-H20, Merck) as the starting
material, 2-methoxyethanol (C3H802, Sigma-
Aldrich) as the solvent, and monoethanolamine
(MEA, C2H7NO, Merck) asthe sol stabilizer. The
concentration of zinc acetate was 0.4 M and the mo-
lar ratio of MEA to zinc acetate was maintained at
1.0. Solution was stirred on a hot plate stirrer with
applied temperature of 80°C for 1 hour to yield a
homogenous solution. The resultant clear solution
was aged for 24 hours at room temperature. Glass
slides were cut into 2x2 squares and cleaned using
acetone, methanol and de-ionized water in an ultra-
sonic bath for 10 minutes each. The sol was dropped
onto the spinning glass substrate with a rotation
speed of 3000 rpm for 60 seconds. Each coating
was dried at 150°C for 10 minutes to remove the
solvent and organic residues. Thefilm wasthen an-
nealed inair at atemperature of 500°C for 30 minute

each layer. The process from coating to annealing
was repeated 2 to 4 timesto produce different thick-
ness of thefilms,

Thefilmsthicknessesweremeasured usngasur-
faceprofiler (model: KLA-Tencor).

The UV absorption spectra were taken with a
Hewlett Packard 8453 spectrometer. The fluores-
cence measurementsweredonewith aPerkin-Elmer
LS 50B luminescence spectrometer. The AFM im-
ages of the films were acquired using a NTEGRA
scanning probe microscope. Thetransmission elec-
tron microscopy (TEM) analysis was done with a
Tecnai F300 transmission el ectron microscope, im-
agestaken after suspending in 95% ethanol. Crystal
structureidentification and crystal sizeanadysiswere
carried out by X-ray diffraction XDS 2000, Scintac
Inc., USA with CuK o radiation source, and scan rate
of 2°/min.

RESULT AND DISCUSSION

All the films were found to be almost clear and
transparent in physical appearance, and well adher-
ent to the glass substrates. The as-deposited films
were annealed at 500°C for 1h to obtain highly uni-
form crystalline films. The film thicknesses were
found to be in the range 42—43 nm. Figure 1 shows
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Figure 1 : XRD diffraction pattern of the ZnO nanoparticle thin films
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Figure 2(a,b) : TEM micrograph and selected area electron diffraction (SAED) pattern and of ZnO nanoparticle

thin film
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Figure 3 : EADX spectrum of the ZnO nanoparticle thin films.

the XRD spectraof theZnO nanoparticlethinfilms.
The observed XRD patterns have been found to
match with JCPDS card (zinc oxide, 05-0664).
XRD analyses confirm that all the films are poly-
crystalline zinc oxide possessing hexagonal wurtzite
structure. XRD spectra aso allowed for the calcu-
lation of crystallite size. The Scherrer formulaD =
k\/B cost, where D isthe particle size, k isacon-

stant of 0.9, A is the X-ray wavelength, 0 is the
Bragg’s angle in radians, and B is the full width at
half maximum of the peak in radians was used to
calculate crystallite size. The seven most prominent
peaks (100), (002), (101), (102), (110), (103), and
(112) were used in the calculation (Figure 1). Using
thisequation, it wasfound that average particle size
of the samplewas approximately 5 nm.
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Figure 4 : AFM image of ZnO nanoparticle film.
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Figure 5 (a,b) : UV-vis spectra and optical band gap spectra of ZnO nanoparticle thin film.

Figure 2(a,b) shows the TEM micrograph and
selected area electron diffraction (SAED) pattern
and of ZnO nanoparticle thin film after sonication
for 10 min. TEM micrographs of the ZnO thin film
(Figure 2a) showed nearly spherical nanoparticles
with an average particle size of 4 nm. Thisis con-
sistent with estimated grain size (4 nm) from the
XRD peak broadening. Figure 2b shows the repre-
sentative selected areaelectron diffraction (SAED)
pattern for ZnO nanoaprticle thin film. This SAED
patterns are indexed to the wurtzite ZnO structure,

Wotzrioly Science —mmm—

consistent with above XRD result.

The EDAX Study of the prepared sample is
shown in Figure 3. This showsthat the sample con-
tainsonly zinc and oxygen and no other impurity are
present inthe sample.

An atomic force microscope (AFM) was used
to measure the surface roughness of filmsover 2 um
X 2 um area in contact mode. Figure 4 shows the
AFM image of ZnO nanoparticlefilm. Thetopogra-
phy image Figure4 confirmsthe surface smoothness
and the surface composed of hexagona nanoparticles
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Figure 6 : PL spectrum of ZnO nanoparticle thin film.

whichisin good agreement with the result of XRD
anaysisof ZnO nanoparticlethinfilm.

The optical properties of the ZnO nanoparticle
thin film were studied by UV—Vis absorption spec-
troscopy. Figure 5ashowsthe UV-visspectraof ZnO
nanoparticlethin film at room temperature. The ex-
citon absorption at 360 nm is observed in the ab-
sorption spectrum. When photons of higher energy
are larger than band gap of the semiconductor, an
electronistransferred from the valence band to the
conduction band where there occurs an abrupt in-
creasein the absorbency of the materia to thewave-
length corresponding to the band gap energy. The
relation between theincident photon energy (hv) and
the absorption coefficient (o) is given by the fol-
lowing relation:

(ahv)% =A(hv—Eg) (1)
where A is the constant and E, is the band gap en-
ergy of the material and the exponent n depends on
the type of transition. For direct alowed transition
n=1/2, for indirect allowed transition n= 2, for di-
rect forbidden n= 3/2 and for indirect forbidden n=
3. Direct band gap of the samples are calculated by
plotting (ahv)? versus hv and then extrapol ating the
straight portion of the curve onthe hv axisat a =0
as shownin Figure 5b.

Theband gap value of ZnO thinfilmisfound to
be3.10eV. Thesevaluesarein good agreement with

thevaluesreported by others?!. Thisred shift of the
band gap energy is due to agglomeration of the
nanocrystallites into larger crystallites as reported
by various authorsin different literatures.

The PL spectraof ZnO colloids were measured
at room temperature with excitation at awavelength
of 320 nm. Figure 6 showsthe PL spectrum of ZnO
nanoparticlethinfilm. The PL spectraof as-prepared
ZnO NPs showed two emission peaks. one is lo-
cated around 375 nm (3.31 eV) in the ultraviolet
region; the other islocated at around 475 nm (2.61
eV) in the visible region (Figure 4). One was the
near-band-edge emissioninthe UV range, whichwas
attributed to free-exciton recombination, and the
other one was a deep-level emission (DLE) mostly
in the green and partly in the yellow and red spec-
tral regions, which was produced by the transition
of excited optical centersfrom the deep level to the
valence level, such deep-level emission being usu-
ally accompanied by the presence of structural de-
fectsand impuritieg?27,

CONCLUSION

ZnO nanoparticle thin films have been depos-
ited using a sol-gel spin coating method on glass
substrates. XRD and TEM morphological analysis
showed that the ZnO nanoparticles had regularly
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spherical particle with a size of 5 nm. Photolumi-
nescence spectra showed two peaks which werein
the UV emission centered at 360 nm, and visible
emission centered at 580 nm.
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