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ABSTRACT
Zinc oxide and cerium doped zinc oxide (ZnO:Ce) thin films
were deposited on glass substrates using the sol-gel spin coating
technique. Films were deposited at 2000C using zinc acetate as
the precursor solution. The effect of doping concentration of
Cerium on the structural and optical properties of ZnO films has
been reported. X-ray diffraction studies show a change in
preferential orientation from the (002) to the (100) and (101)
crystal planes with increase in cerium doping concentration. The
grain size and lattice constants have been derived from XRD
studies. Optical characteristics of the films have been studied
using spectrophotometer in the wavelength range 300-800nm.
These films exhibited good transparency in the visible and
infrared region. The average transmittance increased as the
doping concentration increased. Photoluminescence spectra of
bare and doped zinc oxide films were studied.
Key words: Zinc oxide, sol-gel, X-ray diffraction, lattice
constant, Photoluminescence.

1. INTRODUCTION
ZnO is a direct band-gap
semiconductor with a wurtzite structure.
Zinc oxide based coatings are of much
interest in science and technology due to
their interesting potential applications in
spintronic devices such as non-volatile
memories, spin valve transistors, and
ultrafast optical switches1-3, solar cells, gas
sensors4-6, etc. The remarkable properties of
ZnO are its wide direct-band gap of 3.37 eV
and the exciton binding energy of 60 meV,

which makes it an excellent material for
excitonic devices. The most commonly
occurring lanthanide (rare earth) is
cerium,which is used as a dopant because
rare earth compounds have been widely used
as high-performance luminescent devices,
magnets, catalysts, and other functional
materials8,9. Many techniques have been
employed to produce the ZnO thin film
including chemical vapour deposition7
molecular beam epitaxy8, metal organic
chemical vapor deposition9, radio frequency
magnetron sputtering10, spray pyrolysis11,12

Journal of Pure Applied and Industrial Physics Vol.1, Issue 2, 31 January, 2011, Pages (107-161)

Ali Fatima A., et al., J. Pure Appl. & Ind. Phys. Vol.1 (2), 115-120 (2011)

and sol-gel13 methods. The sol gel method is
effective for thin film ZnO growth because
high vacuum is not required, and equipments
costs are low.
In the present work, undoped and
Ce-doped ZnO poly crystalline films were
successfully grown by sol gel spin coating at
temperature of ~ 200 °C. The samples were
examined by X-ray diffraction (XRD), UVVis
and
photoluminescence
(PL)
measurements for structural and optical
characterization.
2. EXPERIMENTAL PROCEDURES
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Sol-gel spin coating technique was
used to obtain doped zinc oxide thin films.
Precursor solution of 0.5M zinc acetate was
mixed with ethanol and diethanolamine
(DEA).. The compound source of dopant,

cerium (III) nitrate was added to the above
solution
by
varying
the
dopant
concentration of Ce between 1 to 3%. The
solution was stirred well with a magnetic
stirrer for 1 h at 50oC and was further cooled
to room temperature. The solution was
finally aged at room temperature for 24 h.
Ce-doped ZnO films were prepared on glass
substrate by repeated coating and the
procedure followed is explained. Spin
coating was performed at room temperature,
with a rate of 3000 rpm for30 s. After each
deposition, the films were heated in an open
atmosphere at 200oC for 1 min to remove the
moisture content in the film. The above said
coating process was repeated for eight times
and the films were finally post heated at
450oC for 1h in open air atmosphere using a
heater coil of 2000W.
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Figure 1:XRD patterns of ZnO and Ce doped ZnO
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XRD measurements were performed
to identify the structure and crystalline
behaviour of the films. The optical
measurements of the Ce-doped ZnO thin
films were carried out at room temperature
using Jasco UV-VIS-NIR spectrophotometer in the wavelength range of 300 to
800nm. Room temperature Photoluminescence (PL) studies was carried out using the
Varian
Cary
Eclipse
Fluorescence
spectrophotometer.
3. RESULTS AND DISCUSSION
3.1. Structural properties
In the XRD patterns of the undoped
and Ce-doped ZnO thin films shown in

117

Fgure 1, the peaks are identified as (1 0 0),
(0 0 2),(1 0 1), (1 0 2), (1 1 0), (1 0 3) ,(1 1
2) and (2 0 1) reflection planes
corresponding to wurtzite structure of ZnO,
confirming that all the polycrystalline films
retain the similar ZnO structure and are
randomly oriented.
Xu et al14 have obtained only c-axis
oriented films on glass substrate by the sol–gel
technique contrary to the random orientation of
the ZnO films reported in the present work. The
reason for this deviation might be due to the
strong influence of the precursor chemistry and
heat treatment process. The value of lattice
constant, c is calculated from the XRD data and
is given in table 1. It is observed that the c-axis
length does not change much with the increase in
the doping concentration of cerium.

Table 1: Lattice constants calculated for different doping concentration

Lattice constant
a (Å)
c (Å)

Pure Zn0
3.23845
5.18538

1% ce doped
3.23790
5.18440

2% ce doped
3.24273
5.18882

3% ce doped
3.24256
5.19160

It is interesting to note that the peak
position of the diffraction plane (0 0 2) is
shifted towards the lower 2θ value with the
increase in the Ce concentration.. The
crystallite size has also been calculated using
Scherrer’s formula:15

the full width at half maximum (FWHM) of
the diffraction peak and θ is the Bragg
diffraction angle of the XRD peak. The
grains are of uniform dimension and the
grain sizes were found to be 29 , 28 , 29 and
31 nm, for 0.0%, 1%, 2%, and 3% of Ce
doping, respectively Grain size calculated
0.9λ
D=
− − − − − − − − − − (1)
− − − for
− − −ZnO films for various Ce-doping
β cosθ
concentration is given in table 2.
where D is the grain size, λ is the
wavelength of the x-ray radiation used, β is
Table 2: Grain size for different doping concentration.

Plane
(hkl)
100
002
101

Pure Zn0
30
29
29

Grain size (nm)
1% ce doped
2% ce doped
30
29
28
29
28
28

3% ce doped
28
31
29
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3.2 Optical properties
The high transmission in the visible
region is a very important factor in many
applications. So, the transmittance of all
representative thin films was studied by UVVis spectroscopy at room temperature. The
results show that the transmittance is higher
than 70 % in all thin films in visible region.
The theory of optical transmission gives the
relationship
between
the
absorption
coefficient (α) and photon energy (hν) for
direct transition as (αhν)2= (hν − Eg ) where

1.20E+013
-1 2

pureZnO
1% ce
2% ce
3% ce

1.00E+013

2

(α hν ) (eV(m) )

Eg is the energy band gap. Fig. 2 shows the
(αhν)2 versus (hν) plots of pure and Cedoped ZnO films derived from the
transmission spectra. The band gap can be
estimated by extrapolation of the linear
portion of an (αhν)2 versus (hν) plot . The
value of the energy band gap determined
from optical transmittance data is 3.13 eV
for undoped ZnO thin film which is in
agreement with the theoretical value. For
cerium doped ZnO thin films the optical
energy band gap value varies between 3.00
to 3.24 eV.
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Figure 2: Plot of (αhν)2 Vs hν for ZnO thin films
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Figure 3: PL spectra of bare ZnO and Ce-doped ZnO

The technique of photoluminescence
excitation has become a standard one for
obtaining information on the nanostructures.
The photoluminescence excitation technique
involves scanning the frequency of the
excitation signal, and recording the emission
within a very narrow spectral range.
Figure 3 shows the photoluminescence spectra for the band-edge and deeptrap emissions. Two main features are
observed. The relative strength of the bandedge photoluminescence peak compared
with the deep level luminescence is clearly
seen in Figure 3. The PL spectrum of the
pure ZnO exhibits stronger near-band-edge
(NBE) emission at 382 nm and green
luminescence band centred at about 515 nm.
According to the literature16,17, NBE or UV-

emission typically results from the
recombination of free or bound exciton
indicating the high crystal quality of the
material. The PL spectra of the Ce-doped
exhibits a relatively weak NBE emission
peaks at 384,390 and 381nm for 1%,2% and
3% doping respectively compared with the
pure ZnO films . The green emission band
originates from the recombination of photogenerated hole with a singly ionized defect,
such as oxygen vacancy18, 19.
4. CONCLUSION
ZnO nanocrystalline thin films have
successfully been synthesized via a simple
sol gel route. The grain size slightly
increases from 29 to 31 nm when doped with
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3% cerium . The optical transmittance was
about 75% in visible range for all the films.
The optical studies reveal that these films
have a direct energy band gap and it is
observed that the band gap energy decreases
with 2% doping of cerium. The determined
optical parameters are in good agreement
with
previously
reported
results.
Photoluminescence spectra, showing strong
and sharp near band edge emission.
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