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ABSTRACT

Li-Mg co-doped ZnO films have been deposited onto glass substrates by sol-gel spin coating method. The
structural and morphological properties of the films were characterized by X-ray diffractometer (XRD),
X-ray photo-electron spectroscopy (XPS) and field emission scanning electron microscopy (FESEM). The
XRD spectra indicated that the films have polycrystalline nature. The crystallite size values decreased
with the increasing Mg content. The chemical composition of the Li-Mg co-doped ZnO films were con-
firmed by XPS. Additionally, XPS results clearly showed the existence of Mg as a doping element into
ZnO crystal lattice. The surface morphology of the films was found to depend on the concentration of
Mg in the ZnO:Li. The absorption band edge values of the films were calculated and these values of the
films increased with increasing Mg concentration. The refractive index dispersion curves of the films
obeyed the single-oscillator model. The dispersion parameters such as E, (single-oscillator energy) and
Eq4 (dispersive energy) of the films were determined and increase with Mg content.

XPS

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The important properties of nanostructured materials have
started motivation among scientists to explore the possibilities of
using them in technological applications. In particular, the elec-
tronic and optical properties of nanostructured materials have been
of interest because of their potential applications in the fabrication
of micro electronic and optoelectronic devices [1,2].

Zinc oxide (Zn0O) with a wide band gap (3.37 eV) n-type semi-
conductor and high exciton binding energy (60 meV) at room
temperature is attractive for optoelectronic applications in the
blue and UV regions, e.g., light emitting diodes and laser diodes.
A lot of attention has been paid to the fabrication the ZnO film.
Among them, RF magnetron sputtering [3], chemical vapor depo-
sition (CVD) [4], pulsed laser deposition [5], photo-atomic layer
deposition [6], metal oxide chemical vapor deposition [7], molec-
ular beam epitaxy [8], filtered cathodic vacuum arc method [9]
and sol-gel method [10] are the most commonly used methods.
Sol-gel process is an attractive method for obtaining films because
it has advantages of easy control of the film composition and easy
fabrication of large-area films with low cost. Most of the experi-
mental investigations related to the co-doping materials, such as
Ga-N [3], In-N [4] and Al-N [11], have also appeared in several
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literatures, and moreover the p-type behavior in co-doped ZnO is
demonstrated an acceptable stability [11].

The doping of Li or Mg into ZnO films could improve their
preferential orientation growth, but it was sensitive to a heating
procedure. Usually, high heat treatment temperature leads to good
preferential orientation and large crystallite size; contrarily, low
temperature favors random orientation and small crystallite size
[9]. Some physical properties of Li and Mg co-doped ZnO films
were reported by some previous work. Fujihara et al. [12] prepared
Li and Mg co-doped ZnO films by the sol-gel method. After then,
effects of doping on microstructure and electrical properties were
examined. They found that the ZnO crystallite size increased by
doping and the surface of the films became rougher. Also, the cur-
rent density of the films was reduced by doping probably due to the
formation of acceptor levels (Li-doping) and the reduction of oxy-
gen defects (Mg doping). The film with a nominal composition of
Zng gs5Lio10Mgo.050 showed the lowest current density of 1.7 x 10-6
A cm~2 in this study. Liu et al. [13] prepared Li and Mg-doped ZnO
films on glass substrates by sol-gel method and two-step growth.
They found that Mg doping into Li:ZnO films improved c-axis orien-
tation and increased the resistivity. Highly c-axis orientation, small
crystallite size and high resistivity were found for the (Li, Mg): ZnO
film with Li/Zn molar ratio of 0.10 and Mg/Zn molar ratio of 0.04
by the two-step growth at 550°C for 1st spinning and 500 °C for
2nd spinning. Zhu et al. [14] prepared the ZnO nanorods on glass
substrate by doping Li* and/or Mg2* using a sol-gel method. The
results showed that the degree of c-orientation of Li/Mg doped
ZnO nanorods was much high compared with that of Li doped and


dx.doi.org/10.1016/j.jallcom.2011.09.058
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:sevala@anadolu.edu.tr
dx.doi.org/10.1016/j.jallcom.2011.09.058

172 S. Aksoy et al. / Journal of Alloys and Compounds 512 (2012) 171-178

undoped ones. The authors expressed that Li* diffused into the ZnO
lattice and occupied the site of Zn2* during the heat-treatment.
Unlike us, Chen et al. [15] prepared Li doped ZnMgO (ZnMgO:Li)
films via dc reactive magnetron sputtering followed by a thermal
anneal process. Firstly, ZnMgO films were prepared on glass sub-
strates by dc reactive magnetron sputtering. Ternary ZnyMgq_,:Li
alloys (x=0.04,0.16), doped with 0.1 at.% Li, were used as the targets
for fabricating the Li monodoped ZnMgO films. The conductivity of
Li-doped films were transformed from highly resistant to p-type
via anneal.

In this study, Li and Mg co-doped ZnO films have been fabricated
on glass substrates by the sol-gel process and effects of the doping
on the structural, morphological and optical properties of the films
have been investigated. The chemical properties of the films have
been also investigated by X-ray photoelectron spectroscopy (XPS).

2. Experimental detail

Li-Mg co-doped ZnO films have been deposited by sol-gel spin coating method
onto glass substrates. As a starting material and dopant source, zinc acetate
dihydrate [Zn(CH3C00),-H;0] (ZnAc), lithium chloride [LiCl] (LC) and magnesium
chloride hexahydrate [MgCl,-6H,0] (MgCl) were used. 2-Methoxethanol (C3HgO;)
and monoethanolamine (C;H7NO, MEA) were used as a solvent and stabilizer,
respectively. The molar ratios of MEA to ZnAc, MEA to LC and MEA to MgCl were
maintained at 1:1. The concentration of these solutions was 0.5M. Films with
MgCl/ZnAc nominal volume ratio of 2%, 4%, 6% and 8% under a constant LiCl/ZnAc
nominal volume ratio of 10% were prepared two step. The solutions were stirred at
60°C for 2h to yield a clear and homogeneous solution. The coating solution was
dropped into a glass substrate, which was rotated at 3000 rpm for 30 s using a spin
coater. After depositing by spin coating, the films were dried at 300°C for 10 min
in a furnace to evaporate the solvent and remove organic residuals. The procedures
from coating to drying were repeated 10 times. The films were then inserted into a
tube furnace and annealed in air at 500°C for 1h. The thickness of the films were
determined with Mettler Toledo MX5 microbalance by using weighing method and
found to be almost 700 nm.

X-ray diffraction patterns were obtained with a BRUKER D8 Advance X-ray
diffractometer using the CuKo radiations (A =1.54059A) and data in the angular
region of 26 =30-60° were collected at room temperature in a step-scanning mode,
with a step length of 0.02°. XPS (SPECS) was used to determine the surface chemical
composition of the films using AlKo X-rays and the presented bonding states. Sur-
face morphology was studied using a ZEISS Ultraplus model field emission scanning
electron microscopy (FESEM). For the transmittance and reflectance measurements,
we used a double beam Shimadzu 2450 UV-spectrophotometer with an integrating
sphere in the wavelength range 190-900 nm.

3. Results and discussion
3.1. Structural and morphological properties

The XRD patterns of the Li-Mg co-doped ZnO films are shown
in Fig. 1. The strongest diffraction peak for all the films was (002)
line. The (0 0 2) peak values of the LMZ2 (10% Li-doped ZnO:2%Mg),
LMZ4 (% Li-doped Zn0:4%Mg), LMZ6 (% Li-doped Zn0:6%Mg) and
LMZ8 (% Li-doped Zn0:8%Mg) were found to be 34.403, 34.389,
34.433 and 34.403, respectively. The planes of the hexagonal ZnO
crystal structure correspond to the (100), (002), (101) Miller
indices (Fig. 1). No other phases such as Li, Mg and their oxides
can be detected in the films. The reason for this may be no signif-
icant amount of dopant concentration that is incorporated in the
film. Similar results were reported by Yu et al. [16] and Wang et al.
[17]. The crystalline structures of the films are shown depending
on the increasing of magnesium content in Fig. 1. With increas-
ing Mg content the intensity of the (0 02) peak decreases gradually
and FWHM values of this peak broaden. So, the crystalline struc-
ture tends to deteriorate due to the substitution of Mg by Zn. The
deterioration of the structure depending on the doping in ZnO is
usually an expected result [17-20]. In our previous studies, ZnO
doped with different element such as F, Sn, Mn, Cd and In [21-24],
we also observed similar behaviors. Above metals which have dif-
ferent ionic radius deteriorate the crystalline structure. However,
Li* ions incorporated into ZnO improve the crystalline structure
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Fig. 1. XRD patterns of the Li-Mg co-doped ZnO films.

[25]. This result can be considered that heterogeneous nucleation
is facilitated in the presence of Li* ions in the ZnO structure.

The angle of diffraction (26), full width half maximum values
(FWHM) and the phases identified along with (hkl) planes of the
films are presented in Table 1. TC value represents the texture of
the particular plane, deviation of which from unity implies the pre-
ferred growth. The different texture coefficient TC(h k) have been
calculated from the X-ray data using the formula [26]:

IChk1)/I(h k1)
N-TS 1(hkD)/Io(hkT)

where I(hkl) is the measured relative intensity of a plane (hkl),
Io(hkl) is the standard intensity of the plane (hk!) taken from the
JCPDS data, N is the reflection number and n is the number of
diffraction peaks. The texture coefficient (TC) values are presented
in Table 1. It can be seen that the highest TC is in (00 2) plane for
all the films. As seen this table, while TC(0 0 2) values decrease with
increasing Mg content.

A perfect crystal would extend infinitely in all directions; there-
fore, no crystals are perfect due to their finite size. This deviation
from perfect crystallinity leads to a broadening of the diffraction
peaks. The two main properties extracted from peak width anal-
ysis are the crystallite size and lattice strain. Crystallite size and
lattice strain affect the Bragg peak in different ways. Both these
effects increase the peak width and intensity and shift the 20 peak
position accordingly [27]. To estimate the average crystallite size
of the films Scherrer’s formula [28] was used:

091
= Bcosh

TC(h k1) = (1)

(2)

where D is the average crystallite size of the films, A (=1.5405 A)
the wavelength of X-rays used, § the broadening of diffraction line
measured at half its maximum intensity in radians and 6 is the
angle of diffraction. The crystallite size values for the LMZ2, LMZ4,
LMZ6 and LMZ8 films are found to be 41.2, 42.4, 36.5 and 30.4 nm,
respectively. The crystallite size decreases with the increase of Mg
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Table 1
Structural parameters of the Li-Mg co-doped ZnO films.
(hkl) LMZ2 LMZz4 LMZ6 LMZ8
20 FWHM TC 20 FWHM TC 20 FWHM TC 20 FWHM TC
100 31.703 0.224 0.59 31.712 0.185 0.73 31.707 0.081 0.57 31.684 0.149 0.53
002 34.403 0211 3.35 34.389 0.205 2.94 34.433 0.238 2.73 34.403 0.286 1.69
101 36.197 0.324 0.60 36.206 0.271 0.80 36.221 0.428 0.42 36.164 0.248 0.52
content. This confirms the deterioration in the crystallinity of the analysis were carried out for LMZ2 and LMZ8 films and the energy
films. This effect can be explained if it is considered that magne- scale was calibrated with the C1s peak of the carbon contamination
sium atoms do not substitute oxygen atoms, instead they occupy at 284.60eV. The atomic ratio of Mg/ZnO:Li in this samples have
interstitial sites resulting in a large number of dislocations. been also calculated from the XPS survey spectra to be about 0.0164
The strain of the films was calculated using Williamson-Hall and 0.0774 for LMZ2 and LMZ8 films, respectively. These values
(W-H) method. The W-H approach considers the case when the are very close to their nominal volume ratios. The binding states of
domain effect and lattice deformation are both simultaneously O1s spectra belonging to LMZ2 and LMZ8 films are shown in Fig. 2.
operative and their combined effects give the final line broaden- XPS peak of O1s shows the apparent asymmetry. This peak could
ing FWHM (), which is the sum of (D) (grain size) and S (lattice be divided into three nearly Gaussian components: which are low
distortion). This relation assumes a negligibly small instrumental binding energy peak, middle binding energy peak and high binding
contribution compared to the sample-dependent broadening. W-H energy peak centered around 530.17eV, 530.42eV and 532.17 eV
equation may be expressed in the form [29]: for LMZ2 film, and 529.55eV, 530.37 eV and 532.15eV for LMZ8
o, film, respectively. The low binding energy peak of the O1s spec-
Bcosh = o+ 4gsind (3) trum can be attributed to the 02~ ions on the wurtzite structure of
the hexagonal Zn2* ion array, which are surrounded by zinc atoms
where ¢ is the strain associated with the nanoparticles. Eq. (3) rep- with the full supplement of nearest-neighbor 0%~ ions [30,31]. The
resents a straight line between 4sinf (X-axis) and Bcosf (Y-axis). component at the medium binding energy of the O1s peak is asso-
The slope of line gives the strain (&). Lattice strain is a measure of ciated with 02 jons that are in oxygen-deficient regions within
the distribution of lattice constants arising from crystal imperfec- the ZnO matrix [31]. The high binding energy component can be
tions, such as lattice dislocations. The strain values for the LMZ2, attributed to the presence of loosely bound oxygen on the surface of
LMZ4, LMZ6 and LMZ8 films are found to be 9.6 x 103, 8.8 x 103, ZnO nanocystals [31,32]. Figs. 3 and 4 give the XPS data of Zn2p3/2
37.3x 1073 and 12 x 103, respectively. and Zn2p1/2 for LMZ2 and LMZ8 films, respectively. The Zn2p3/2
XPS spectroscopy is a material characterization technique spectra peaked at 1021.70eV and 1021.80eV can be attributed to
widely used to investigate the chemical composition of materials. the binding energy of Zn-0 bond rather than metallic Zn because
The technique is based on collecting the electrons that are ejected the binding energy of Zn-0 bond (1021.90eV) is higher than that
from atoms of the sample being analyzed when irradiated by X- of the Zn-Zn bond (1021.45eV) [33,34]. The binding energy of
rays. The X-ray photons do not cause any structural damage to Zn2p1/2 peak for LMZ2 and LMZ8 films is observed at 1044.80 eV
the sample and only those photoelectrons that escape the material [34]. This peak can be attributed to binding energy of Zn-O bond
without undergoing inelastic scattering are used in the analysis. (1044.78 eV) [35]. The Mg1s peak is shown in Fig. 5 with the metal-
The technique is non destructive and highly surface sensitive. XPS lic and oxide components deconvoluted. Mg1s peak presents two
provides compositional analysis of approximately the top 5 nm of components at 1303.06 eV and 1303.95 eV for LMZ2 and 1303.48 eV
material below the studied samples surface. In this study, in order and 1304.85 eV for LMZ8 film, respectively. The peaks at 1303.06 eV
to estimate the contained Mg concentration in the films and to and 1303.48 eV represent metallic magnesium for LMZ2 and LMZ8
determine the chemical states of the film composing elements, XPS films and also the peaks at 1303.95 eV and 1304.85 eV show clearly
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Fig. 2. XPS spectra (open circles) and simulated lines of O1s in the (a) LMZ2 film and (b) LMZ8 film.
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Fig. 6. FESEM images of the Li-Mg co-doped ZnO films.

the presence of MgO [36]. However, a peak corresponding to the
lithium element has not been detected in XPS survey spectrums. It
may be due to a small amount of Li element into ZnO crystal lattice
or the detection limit of XPS [15,37].

The surface morphological properties of the films were ana-
lyzed using FESEM. Fig. 6 shows FESEM images of the all the films.
In general ZnO films produced by sol-gel method show a wrin-
kle network with spherical nano-sized crystallites on the surface
[22,24,25]. Sometimes these surface properties of ZnO are influ-
enced from the incorporation of dopant. Especially the amount and
kind of dopant can play an important role on the surface properties.
For example, in the Sn doped ZnO films the tetragonal shape parti-
cles were appeared on the surface with Sn doping [22]. The wrinkle
structure was disappeared with increasing Li content [25]. Only for
10%F doped ZnO, the randomly oriented nanorods with diameter in
the range 50-100 nm were observed on the surface [21]. The sur-
face quality of the ZnO film improved with Mn doping, because the
incorporation of the Mn ions gave the regular grain size. The regu-
lar grain size caused the more uniform film. In this study, it can be
clearly observed that the surface morphology of the films changed
with Mg concentration. When the surface morphologies of the films
are examined, non-uniform particle distribution is observed on the
surface while increasing Mg concentration. The rod-like crystal-
lites separately grown on the substrate can also be seen depending
on increasing Mg content. The randomly distributed nanorods
are shown in Fig. 6 (b-d). This situation indicating that increas-
ing Mg concentration can substantially enhance the growth of
nanorods.

3.2. Optical properties

The spectral distribution of transmittance (T) and reflectance
(R) measured in the wavelength range 350-700 nm for the films
are shown in Figs. 7 and 8, respectively. The average transmittance
is found to be almost 80% for the visible region. As seen inset in

Fig. 7, the absorption edge shifts toward shorter wavelengths with
increasing Mg content. As seen in Fig. 8, the reflectance is limited
only by the surface reflectance of about 10% in the visible region.

The absorption coefficient («) is related to the energy band gap
(Eg) as [38]:
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Fig. 7. The transmittance spectra of the Li-Mg co-doped ZnO films.
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Fig. 8. The reflectance spectra of the Li-Mg co-doped ZnO films.

where ‘A’ is a constant dependent on the material, ‘h’, and ‘v’ are
the Planck constant and frequency of the radiation, respectively.
The nature of the transition is represented by ‘n’. For allowed direct
and indirect transitions, the values of ‘n’ are 1/2 and 2, respectively.
The corresponding values for forbidden transitions are 3/2 and 3,
respectively. The value of ‘n’ can be determined from the slope of
In(ahv) vs. In(hv — Eg) plots. With linear fitting of the plot gives the
value of ‘n’, for the films, which is close to 0.5. It is known as the
allowed direct transition [38].

To estimate the energy band gap of the films, the first derivative
curve of the optical transmittance (dT/dA) presented in Fig. 7 can
be computed. These derivative curves in the wavelength range of
interest are presented in Fig. 9. The peak value in each curve is asso-
ciated to the optical band-gap energy Eg [39], where it is calculated
using the following equation:

hc

A'IﬂaX

Eg (5)

where h is the Planck constant, c is the light velocity and Apax is the
wavelength in the maximum of the derivative curve. The Eg val-
ues are determined using Eq. (5), where Amax is obtained by a least
square fitting procedure of the parable. As seen in Fig. 9, the peak

dT/dAr

1.5 2.0 2.5 3.0 3.5 4.0 4.5
hv (eV)

Fig. 9. The plots of dT/dA vs. photon energy of the Li-Mg co-doped ZnO films.
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Fig. 10. The Urbach plot of the Li-Mg co-doped ZnO films.

position of the curves shifts to higher energies with Mg concen-
tration. The absorption band edge values are given inset in Fig. 9.
This suggests that the absorption band edge shifts from 3.29eV
to 3.39eV with Mg concentration. The peak point of the deriva-
tive spectra could be regarded as the approximate optical band gap
value. This blue shift in the optical band gap of the films may be
attributed to the band Burstein-Moss effect. The increase of carrier
concentration in doped film will cause the Fermi level move into
the conduction band. The filling of the conduction band by electrons
will generally result in blue shift in the near band edge emission.

The width of the localized states in the optical band gap of
the films that result from crystal defects like vacancies, intersti-
tial atoms, and atoms at surfaces and grain boundaries affects the
optical band gap structure and optical transitions and it is called as
Urbach tail, which is related directly to a similar exponential tail for
the density of states of either one of the two band edges [40]. The
Urbach tail of the films can be determined by the following relation
[41]:

o = ogexp (%) (6)

where E is the photon energy, «y is constant and Ey is the Urbach
energy which refers the width of the exponential absorption edge.
In summary, Eq. (6) describes the optical transition between occu-
pied states in the valence band tail to unoccupied states of the
conduction band edge. Fig. 10 shows the variation of Inc vs. photon
energy for the films. This behavior corresponds primarily to optical
transitions between occupied states in the valence band tail and
unoccupied states at the conduction band edge. The Ey value was
calculated from the slope of Fig. 10 using relationship:

b= (i)

The obtained Ey values are given in Table 2. Urbach energy val-
ues of the films decrease with increasing Mg concentration. ZnO
has native defects such as oxygen vacancies and interstitial zinc
atoms. So, the additional dopant may dominantly contribute to the
width of localized states within the optical band of ZnO. Hence,
the Ey values change inversely with optical band gaps of the films.
Every dopant does not show same effect on the optical properties

Table 2
The optical parameters of the Li-Mg co-doped ZnO films.
Ey(meV) B E,(eV)  Eg(eV) M M_3 (eV)~?
LMZ2 110 0.233 4.863 9.564 1.967 0.083
LMZ4 106 0.241 4.879 9.623 1.972 0.083
LMZ6 104 0.245 6.063 10.057 1.659 0.045
LMZ8 100 0.256 6.092 10.658 1.749 0.047
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Fig. 11. The variation of refractive index (a) and extinction coefficient (b) of the Li-Mg co-doped ZnO films.

of the ZnO films. While some dopant elements cause an increase
in the optical band gap, some of them cause a decrease. For exam-
ple Li dopant increases the band gap like Mg [25]. However, some
dopants such as Sn, Mn, Cd and In cause a decrease in the optical
band gap of ZnO [22-24,42].

The dependence of the optical absorption coefficient on photon
energy arises from electronic transitions between localized states.
The density of these states falls off exponentially with energy which
is consistent the theory of Tauc [43]. Therefore, Eq.(6) can be rewrit-
ten as:

o = xpexp {’gE}

where f is called a steepness parameter, which characterizes the
broadening of the absorption edge due to the electron-phonon
interaction or exciton-phonon interaction. The § parameter is
found as B=KkT/Ey. The B values were calculated using this rela-
tionship and taking T=300K and are given in Table 2. The 8 values
increase with the increasing Mg concentration.

The refractive index is an important parameter for optical mate-
rials and applications. Thus, it is important to determine optical
constants of the films and the complex optical refractive index of
the films are described by the following relation [44],

(8)

il = n(w) + ik(w)

(9)

where n is the real part and k is the imaginary part (extinction
coefficient) of complex refractive index. The refractive index of the
films was determined from the following relation [45],

_(1+R

"= (1 - R) " (1
where k (k=aA[4m) is the extinction coefficient. The n and k val-
ues dependence of photon energy are shown in Fig. 11a and b,
respectively. The change in the refractive index is a result of the Mg
concentration. The trend of lowering of refractive index with dop-
ing incorporation can be attributed to the density and the surface
roughness [23,24].

The refractive index is a significant factor in optical commu-
nication and in designing devices for spectral dispersion and the
refractive index dispersion data below the interband absorption
edge are important for technological applications of the opti-
cal materials, because, the dispersion energy is related to the

4R

_K2
—RY?

(10)

optical transition strengths and optical conductivity. Thus, in order
to analyze the refractive index dispersion of the films, we used
the single-oscillator model, developed by DiDomenico and Wem-
ple [46]. In terms of the dispersion energy E; and single-oscillator
energy E,, the refractive index at a frequency can be expressed.
The single-oscillator model for the refractive index dispersion is
expressed as follows [46]:

n2—14  Ldbo ;
E3 — (hv)

where nis the refractive index, and E, is the single-oscillator energy
for electronic transitions and Ej is the dispersion energy which is a
measure of the strength of interband optical transitions. This model
describes the dielectric response for transitions below the optical
gap. The plotted (n2 — 1) vs. (hv)? allows us to determine the
oscillator parameters. E, and E; values were calculated from this
plot. The E, and E; values are given in Table 2. It was found that
oscillator parameters are of the same order as anumber of materials
[47,48]. E4 and E, values for ZnO are 17.1 and 6.4 [49]. In generally,
Eg4 and E, values decrease with dopant incorporation [21,50,51] and
this lowering can be attributed to the microstructure that changes
with doping.

On the other hand, the parameters of the single-oscillator model
E, and E; are connected to M_; and M_3z moments of the optical
spectra, through the two relations [52]:

M3

(11)

M_4

Y1 -1

M3’ M

The two moments M_; and M_3 were calculated from the data on
E, and E; are given in Table 2. The obtained M_; and M_3 moments
change with Mg content. These moments are the measure of the
average bond strength. Eq. (12) indicates a single oscillator approx-
imation to the dielectric response of these materials. The optical
moments are related to the macroscopic quantities like effective
dielectric constant, effective number of valence electrons in mate-
rial investigated.

E2= E2 (12)

4. Conclusions

In summary, Li-Mg co-doped ZnO films were deposited by
sol-gel method using spin coating method. The structural, morpho-
logical and optical properties of these films have been investigated.
The films showed a preferential orientation along (002) crystal
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plane. It was observed that the surface exhibited changes with
increasing Mg concentration. The average transmittance of the
films was found to be almost 80% for the visible region. The
absorption band edge values of the films increased with increas-
ing Mg concentration. The blue shift in the optical band gap of
the films was attributed to the band Burstein-Moss effect. Urbach
energy of the films changed with optical band gap. The refrac-
tive index dispersion curve of films obeyed the single-oscillator
model.
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