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Kılıçoglu Anadolu High School, Eskişehir 26050, Turkey
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a b s t r a c t

We have studied the structural and electrical properties of Zn1−xCdxO alloy films deposited by ultrasonic
spray pyrolysis technique. XRD measurement indicated that pure ZnO and CdO samples had single phases
with hexagonal wurtzite and cubic structures, respectively. However, Zn1−xCdxO alloy films with x = 0.59
and 0.78 exhibited mixtures of a hexagonal wurtzite ZnO phase and a cubic CdO phase. Analysis of
thermally stimulated current spectra of Zn1−xCdxO alloy films revealed the existence of a number of
overlapped peaks each characterized by different trap energy levels located in the range of 0.033–0.215 eV
eywords:
xide materials
lloy films
hermal analysis
rap parameters

below the conduction band. We have used curve fitting method for the evaluation of the trap parameters
of the alloy films. The values of attempt-to-escape frequency �, capture cross-section S and concentration
of the traps Nt have been determined.

© 2010 Elsevier B.V. All rights reserved.
hemical synthesis
lectronic properties

. Introduction

There are quite number of transparent conducting oxides (TCO)
f which the most commonly known ones are the binary systems,
.e. SnO2, ZnO, In2O3, Ga2O3, and CdO [1–3]. The pure and mixed
xide alloy films of TCO materials are extensively studied. For
ifferent applications, different TCO materials may possess advan-
ageous properties [4]. CdO and ZnO are both promising materials
or their applications as window and buffer layers in thin film solar
ells. CdO possesses cubic structure and a direct band gap of 2.3 eV,
hereas ZnO is a wide band gap semiconducting oxide material

Eg = 3.2 eV) [5,6]. Hence, it is possible to modify the physical prop-
rties of ZnO upon mixing with CdO. Most of the recent works have
een focused on the preparation of Zn1−xCdxO alloy films [7–9] and
nowledge of the physical properties of these films is very lim-
ted [10]. Zn1−xCdxO alloy would be a good candidate because of
he small direct band gap of CdO which shows a redshift of the
uminescence peak with respect to that of ZnO [11].

Various techniques have been employed to prepare Zn1−xCdxO
lms such as dc reactive magnetron sputtering [12], thermal

vaporation [8], metalorganic chemical vapour deposition [13],
lectrochemical deposition [14], pulsed laser deposition [15],
ol–gel method [16] and ultrasonic spray pyrolysis [17]. Amongst
ll the deposition techniques, the USP is a versatile method for

∗ Corresponding author. Tel.: +90 222 3350580; fax: +90 222 3204910.
E-mail address: saybek@anadolu.edu.tr (A.S. Aybek).

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.11.077
producing various materials in a wide range of composition, good
thickness uniformity over a large area, homogeneous particle
composition with controlled particle size [18]. In the ultrasonic
spray pyrolysis process, ideal conditions of deposition are obtained
when the droplet approaches the substrate just as the solvent is
completely vaporized. The droplets of the solution generated by
ultrasonic waves can be transported by the carrier gas to a heated
surface of the substrate, where several reactions such as solvent
evaporation and atomic rearrangement take place successively
[19].

For the preparation of reproducible and reliable solar cells, it is
important to control the electrical properties of Zn1−xCdxO layer.
The photoconductivity and thermal conductivity of Zn1−xCdxO
films are related to traps which are an individual impurity or defect
in a crystal that affect the carrier transport properties. Therefore,
it is important to get information about the activation energies
of the trap levels in Zn1−xCdxO films. Some of the measurement
methods widely used for the investigation of charge carrier traps in
materials are thermoluminescence (TL) [20], thermally stimulated
depolarization conductivity (TSDC) [21], and thermally stimulated
current [22]. Among them, the TSC measurement is a well known
non-isothermal technique for the investigation of trap levels in
semiconducting materials. Many insulating, semi-insulating and

semiconductor materials show thermally stimulated effects dur-
ing heating [22]. In principle, this method consists in filling the
traps after cooling down the material too low temperature and then
heating the material at a constant rate and observing the thermally
stimulated current as the traps are emptied. The energy level within

dx.doi.org/10.1016/j.jallcom.2010.11.077
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:saybek@anadolu.edu.tr
dx.doi.org/10.1016/j.jallcom.2010.11.077
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Fig. 1. X-ray diffraction patterns for Zn1−xCdxO films with different Cd contents.

Table 1
The lattice constants of Zn1−xCdxO alloy films.

Sample Wurtzite ZnO Cubic CdO

a (Å) c (Å) c/a a (Å)

ZnO 3.254 5.2128 1.602
Zn Cd O 3.241 5.1986 1.604 4.6774

the width of half maxima. The calculated values of the crystallite
size are given in Table 2. It is seen that the crystallite size of ZnO
decreases with increasing Cd content in the sample.

Table 2
The calculated values of the crystallite size of Zn1−xCdxO alloy films.
A.S. Aybek et al. / Journal of Alloys

he band gap of a particular trapping centre is related to the temper-
ture at which it is emptied, while the number of traps contributing
o the observed current peak depends on the amount of trapped
harges, which are released [23]. The TSC permits a survey of the
ap states and also the determination of the capture cross-section
f each trap level [24].

The graph of current versus temperature is called the TSC curve.
f the trapped charge carriers (electrons) thermally released to the
onduction band on heating the material, the TSC would indicate
peak in the curve. This peak might well be a single peak which

s favourable but rarely observed, or could be consisted of over-
apping peaks. There are several methods to evaluate the trapping
arameters from the experimental TSC spectra [22]. Of these, the
urve fitting method has been widely used for the analysis of the
SC curves.

The subject of this work is to obtain more information con-
erning traps in Zn1−xCdxO alloy films by means of thermally
timulated current measurements in the temperature range of
0–300 K. The experimental data have been analyzed by using
urve fitting method. The trap energy, the capture cross-section,
he attempt-to-escape frequency and the concentration of the traps
n Zn1−xCdxO films are reported.

. Experimental details

Zn1−xCdxO alloy films have been deposited onto microscope glass substrates
y the ultrasonic spray pyrolysis method at substrate temperatures of 325 ◦C
or x = 0, 375 ◦C for x = 0.59 and 0.78, and 400 ◦C for x = 1. The apparatus of the
eposition system used in this work are given elsewhere [25]. The substrates
11 mm × 13 mm × 1 mm) were soaked in acetone bath and washed in deionised
ater and dried in air. The aqueous 0.1 M of Cd(CH3COO)2·2H2O and 0.1 M ZnCl2
issolved in deionised water were used to obtain Zn1−xCdxO samples. The prepared
olutions were sprayed on the glass substrates through the spray head which con-
ains 58 kHz transducer and the droplet sizes are between 30 and 60 �m. N2 was
sed as a carrier gas with a pressure of 0.2 bar. The solution flow rate was kept con-
tant at 2 ml/min. The ultrasonic spray head to substrate distance was approximately
0 cm.

Thicknesses of the samples were determined by weight difference method
ssuming the samples are uniform and dense as that of bulk having density of
.15 g/cm3 for CdO and 5.67 g/cm3 for ZnO. The thicknesses of Zn1−xCdxO samples
ith different x values (0, 0.59, 0.78, and 1) were determined to be 630, 230, 330

nd 550 nm, respectively. The crystal structure of the samples was analyzed by using
igaku X-ray spectrophotometer with Cu K� radiation (1.5406 Å).

The electrical measurement of the films was performed by means of the dc two-
robe method. The metal contacts have been established by vacuum deposition of
old stripes of 4.5 mm separation and 3.5 mm in lengths. Copper wires have been
ttached to the gold contacts by small droplets of silver paste. The current–voltage
I–V) measurements are used for the determination of the conduction mechanism
nd the conductivity of the samples. Dark current–voltage measurements have been
erformed between 0.01 V and 100 V at room temperature.

The thermally stimulated current measurements (TSC) have been carried out
n an Oxford Instruments 43305 Model closed-cycle helium gas cooling cryo-
tat in the temperature range between 40 and 300 K. A vacuum of the order of
0−3 mbar is maintained throughout the measurements. The sample is cooled to
n initial temperature of about 40 K and keeping it in dark for 30 min before
tarting illumination. The sample temperature has been measured by means of
hromel/Au–0.03%Fe/Chromel thermocouple. The sample has been illuminated for
he generation of free carriers at 40 K for 15 min using a monochromatic UV light
ource of 18.2 mW/cm2 with a wavelength of 365 nm. Following the termination of
he illumination, the sample is heated up to room temperature with 0.12 K/s heat-
ng rate. The discharge current under an applied constant bias voltage of 10 V has
een recorded as a function of temperature by using HP4140B pA meter/DC Volt-
ge Source, Agilent 34401 Model Digital Multimeter, and VEE One Lab 6.1 computer
rogram.

. Results and discussion

.1. Structural characteristics
The XRD patterns of Zn1−xCdxO thin films are shown in Fig. 1.
he existence of multiple diffraction peaks indicate that the sam-
les are polycrystalline in nature with hexagonal wurtzite structure
or ZnO phases (JCPDS card no.: 036-1451) and cubic structure for
0.41 0.59

Zn0.22Cd0.78O 3.252 5.2004 1.599 4.6754
CdO 4.7086

CdO phases (JCPDS card no.: 05-0640). As shown in Fig. 1, X-ray
characteristic peaks for ZnO are significantly reduced when the
concentration of cadmium increases in the composition.

The lattice parameters were calculated for the hexagonal and
cubic structures respectively using the following equations which
are given by [26]

1

d2
hkl

= 4
3

[
h2 + hk + k2

a2

]
+ l2

c2
and

1

d2
hkl

= h2 + k2 + l2

a2
(1)

where (h k l) are Miller indices of the plane, a and c are the lattice
constants. The values of the lattice constants are given in Table 1.
The c/a ratios for the samples are very close to the ideal value of
1.633 for wurtzite structure.

The crystallite size in Zn1−xCdxO alloy films were estimated from
the half width at the maximum diffraction peak with the highest
intensity by using the Scherrer formula [26].

D = 0.9�

ˇ cos �
(2)

where � is the wavelength of X-ray, � is the Bragg angle and ˇ is
Crystallite size (nm)

ZnO (0 0 2) Zn0.41Cd0.59O Zn0.22Cd0.78O CdO (1 1 1)

ZnO (1 0 1) CdO (2 0 0) ZnO (1 0 1) CdO (2 0 0)

35.5 33.9 59.1 24.5 47.9 54.9
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density of filled traps, 	 is the lifetime of the free electron, e is the
electronic charge, � is the electron mobility, � is the attempt-to-
escape frequency of a trapped electron, ˇ is the linear heating rate,
k is the Boltzmann constant, T0 is the initial temperature, and T is
the temperature. The attempt-to-escape frequency � depends on
ig. 2. The current–voltage characteristics of Zn1−xCdxO alloy films at room tem-
erature in dark.

.2. Electrical properties

.2.1. I–V characteristics
The electrical conductivity of the studied samples was n-type as

etermined by hot probe method. Fig. 2 presents the dark log–log
lot of the current–voltage (I–V) characteristics of Zn1−xCdxO films
t room temperature in the voltage range of 0.01–100 V. It is clearly
een that the current varies linearly with voltage with a slope of
ne which is indicating the ohmic behaviour of the conduction
echanism in planar Au–Zn1−xCdxO–Au structure.
The electrical conductivity values of the samples have been

etermined from the I–V measurements to be 13, 0.89, 4.44, 426
� m)−1 with different x values (0, 0.59, 0.78, and 1), respectively.
he interesting point here is that the conductivities of the alloyed
xides seem to be noticeably decreased with respect to either CdO
r ZnO. Although increasing Cd content in the alloy causes relevant
ncrement in the conductivity but, it is still much lower than the
onductivity of CdO. The plausible reason for the lower conductiv-
ty in the alloy oxides is that the existence of the interfacial potential
arrier between both of the phases of CdO and ZnO present in the
lloy with crystallite sizes of 59 and 34 nm, respectively. Assuming
omogenous distribution of both phases the decrease in conductiv-

ty is thus expected due to the decrease in mobility of the carriers
oving across the different phases [27]. Beside this, the effect of

he alloy fluctuations on electron drift mobility would also be taken
nto account for further consideration for the low conductivity in
n1−xCdxO alloy films [28].

.2.2. Thermally stimulated currents
The thermally stimulated current data have been obtained in the

emperature range 40–300 K with the heating rate of ˇ = 0.12 K/s to
valuate the trapping parameters of the samples. Figs. 3 and 4 show
he TSC spectra of ZnO and Zn0.41Cd0.59O films. The TSC curves of
n1−xCdxO films clearly show the existence of a number of over-
apped peaks each characterized by a different trap energy level
nd attempt-to-escape frequency.

Calculating the trap parameters from TSC curves is the main goal
f TSC theory. There are several methods in literature to evaluate
he trapping parameters from experimental TSC curve namely as
urve fitting, heating rates, and initial rise method. Many of them

re based on the measurement of the maximum and the high and
he low half-intensity temperatures [29]. However, the applica-
ility of the many of methods is restricted for a TSC curve being
omplex due to the presence of a number of overlapped peaks. The
Fig. 3. The TSC analysis in the temperature range 40–300 K for ZnO film together
with the numerical deconvolution of two components and the best fit.

curve fitting method appears to be more reliable because of using
information from a broader range of the peak [30]. In this work,
the experimental TSC curves for the samples have been analyzed
by using the curve fitting method.

In the curve fitting method of determining the trapping param-
eters from an experimental curve, different equations are utilized
depending on the recombination kinetics. The TSC curves of the
samples studied in this work are composed of several peaks
described by a main peak with a slight asymmetric rise on the low-
temperature side as shown in Figs. 3 and 4. When the peak shape
is examined (Fig. 5), we see that the “symmetry factor” �g ( = ı/ω)
becomes equal to 0.33 which is indicative of the slow retrapping
[22]. Under monomolecular conditions (i.e. slow retrapping), the
TSC curve of a discrete set of traps with a trapping level Et below
the conduction band is described by [31],

�(T) = nt	 e�� exp

{
− Et

kT
−

∫ T

T0

�

ˇ
exp

(
− Et

kT

)
dT

}
(3)

where � is the thermally stimulated conductivity, nt is the initial
Fig. 4. Experimental TSC spectrum of Zn0.41Cd0.59O alloy film and the deconvolution
of the curve into two separate peaks using the curve fitting method.
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Table 3
Activation energy (Et), capture cross-section (S), attempt-to-escape frequency (�)
and concentration of traps (Nt) for each TSC peaks of ZnO film and Zn0.41Cd0.59O
alloy film.

Sample Tm (K) Et (eV) � (s−1) S (m2) Nt (m−3)

ZnO 176 0.033 6.55 × 10−3 2.70 × 10−32 1.53 × 1020

194 0.197 0.83 × 103 2.81 × 10−27 4.42 × 1019
ig. 5. Experimental asymmetric TSC curve with the parameters ω and ı of ZnO
lm.

emperature like Ta with −2 ≤ a ≤ 2 which is related to the depen-
ence of the effective density of the states in the conduction band,
c, and thermal velocity of free carriers, 
th on temperature. This

s a rather mild dependence on temperature as compared to the
xponent exp( − Et/kT) in Eq. (3), and can therefore be neglected as
first approximation [22]. If it is assumed that � is independent of T
nd that over the temperature range of the TSC curve, the variation
f � and 	 with T can be ignored, then for slow retrapping, �(T) can
e rewritten as [29,32]

(T) = A exp

{
− Et

kT
− �

ˇ

∫ T

T0

exp
(

− Et

kT

)
dT

}
(4)

here A is a constant, � = SNc
th, S is the capture cross-section of the

rap, and Nc = 2(2�m∗
ekT/h2)

3/2
. Using the first term of the relevant

symptotic series for evaluating the integral, and putting B = �Et/ˇk
nd t = Et/kT, Eq. (4) becomes

(T) = A exp{−t − B exp(−t)t−2} (5)

here B is a constant and can be approximated by

∼= B′ = exp(tm)
t3
m

tm + 2
(6)

here tm = Et/kTm and Tm is the temperature at maximum inten-
ity �m. By using B′ instead of B, the free parameters become Et

nd Tm instead of Et and �. This leads to a convenient method of
he curve fitting, with only one variable parameter, Et, since Tm is
nown experimentally.

In order to analyze all peaks of the TSC spectrum simultaneously,
he fitting function consisting of the sum of all features of the TSC
pectrum is described by [33]:

(T) =
m∑

i=1

�i(T) (7)

In this equation, �i(T) represents the current contribution of
ach peak, which is calculated from Eq. (5), and m is the number of
he related peaks involved in the calculation.

The TSC spectra of ZnO and Zn0.41Cd0.59O films have been fitted
y means of a numerical procedure in order to distinguish the spec-

ral components contributing to the signal and to determine the
rap parameters. Accordingly the curve fitting is applied to the TSC
urve for the analysis by using OriginPro 7.5 computer program. The
rogram uses a Marquardt–Levenberg algorithm to minimize the
ifference between the experimental data and the fitting equation.
Zn0.41Cd0.59O 213 0.118 1.67 3.15 × 10−30 9.77 × 1019

296 0.215 12.52 1.22 × 10−29 9.56 × 1019

Following the curve fitting method, we have obtained two main
deconvoluted peaks of which one of them is wide indicated as 1 in
Fig. 3 and the other is narrow indicated as 2. The wider one expands
from about 50 K to above about 300 K. It is hardly acceptable to
assume that this peak corresponds to a single level trap. It is, in this
case, quite possible to assume that this peak might have been com-
posed of the several trap distributions in the band gap [22]. Once the
curve had been fitted and the final values of the trap energies below
the conduction band and Tm for each peak were determined in ZnO
and Zn0.41Cd0.59O films as given in Table 3, then Eq. (5) was used to
calculate B and hence the attempt-to-escape frequency �. Knowing
the value of �, we have calculated the capture cross-section S for
each trap level. Since this equation contains the effective density
of states in the conduction band, the value of the electron effec-
tive mass is required for ZnO and Zn0.41Cd0.59O films. Therefore,
we have used the value of 0.24m0 for ZnO film with wurtzite struc-
ture [34]. The electron effective mass of Zn0.41Cd0.59O sample was
determined to be 0.36m0 by means of a linear extrapolation of the
electron effective mass values [28] for the wurtzite phase with
m*(ZnO) = 0.24m0 and for the cubic phase with m*(CdO) = 0.44m0
[35]. The values of the attempt-to-escape frequency � and the cap-
ture cross-section S calculated from the curve fitting results are also
given in Table 3. It can be noticed that the values of the attempt-to-
escape frequency are by far lower than usually expected those of
less than 1012 1/s [22]. The reasonable explanation for low values
of the attempt-to-escape frequency is probably related to the peak
obtained by the deconvolution which may be consisted of several
peaks that suggests a strong repulsive barrier to capture the carriers
[36]. The capture cross-sections of the traps present in the samples
were calculated in the range 2.70 × 10−32–2.81 × 10−27 m2.

The concentration of the traps was estimated from the area
under the TSC curve corresponding to that trap using the relation
[27]:

Nt = 1
eG∗V

∫
JTSCdt (8)

where e is the electronic charge, G* is the photoconductivity gain
and V is the sample volume, and JTSC is the thermally stimulated
current density. A reasonable approximation for G* can be obtained
by measuring the photon flux ˚ needed to produce a photocurrent
equal to the JTSC at Tm of TSC maximum [27]:

G∗ = Jmax

e˚
(9)

where Jmax is the maximum TSC. The values of Nt obtained for the
traps in ZnO and Zn0.41Cd0.59O films are also presented in Table 3.

The experimental TSC results indicate that polycrystalline ZnO
and Zn0.41Cd0.59O films exhibit the high concentration trap char-
acteristics located in the range of 0.033–0.215 eV below the
conduction band. It appears that the observed trap levels may be

due to a large number of defects and/or impurities that act as elec-
tronic trapping sites in Zn1−xCdxO films. Although it is difficult
to identify the defects associated with these trapping levels, the
experimental findings reported here could be assigned below.
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In the samples that we have examined, shallow trap energy of
.033 eV dominates at low temperatures, although various deeper
raps are also present when approaching to higher temperatures.
s seen in Fig. 3, two overlapped peaks were registered at levels
f 0.033 and 0.197 eV in ZnO sample. According to the literature
37–39], it has long been assumed that two most common defects
n ZnO films are oxygen vacancies (VO) and zinc interstitials (Zni)
s the dominant donor since most ZnO material is strongly n-type.
t is also suggested that Zni rather than VO is the dominant native
hallow donor in ZnO with activation energy of about 0.03–0.05 eV
38–40]. The observed trap energy level of 0.033 eV in the TSC spec-
rum of ZnO sample is thought to originate from zinc interstitials
hich is attributed to the donor-like trap. In the literature, oxy-

en vacancy levels in ZnO are reported in the range of 0.050 eV and
early 1 eV [41–46]. The trap energy of 0.197 eV in this study is
ithin the range of the values in the literature. This observed trap

nergy level could most likely be attributed to the oxygen vacancy
hich can be also found in ZnO films.

Evaluation of the TSC curve for Zn0.41Cd0.59O alloy film revealed
wo peaks at temperatures 213 and 296 K after the deconvolution of
he TSC spectrum by the curve fitting technique as shown in Fig. 4.
he incorporation of Cd into Zn1−xCdxO films with x = 0.59 have
esulted in vanishing the trap level at 0.033 eV which is present in
he ZnO film (Fig. 3). The trapping levels observed at 0.118 and
.215 eV in Zn0.41Cd0.59O alloy film are almost coincident with
hose of ZnO sample. Thereby, possible origins of the traps with
ctivation energy of 0.118 and 0.215 eV are also related to oxygen
acancies in Zn0.41Cd0.59O alloy film.

In addition to the above-mentioned possible origin of the trap
evels in Zn1−xCdxO films, it is also generally accepted that oxygen
lays a crucial role as trapping centers either at the surface or at the
rain boundaries where it can easily be adsorbed [47,48]. There-
ore, the observed trap energies of 0.033 eV and 0.118–0.215 eV in
n1−xCdxO films could be considered due to the adsorbed oxygen
t the film surface and the adsorbed oxygen at the grain boundaries
n the lattice, respectively [49,50].

. Conclusions

Zn1−xCdxO films have been produced onto microscope glass
ubstrates by the ultrasonic spray pyrolysis method. The samples
re polycrystalline with hexagonal wurtzite structure for ZnO and
ubic structure for CdO film, while the films with x = 0.59 and 0.78
re mixtures of a hexagonal wurtzite ZnO phase and a cubic CdO
hase.

Ohmic mechanism has been determined from the
urrent–voltage relationship. The electrical conductivity val-
es of Zn1−xCdxO alloy films have been calculated to be 13, 0.89,
.44, 426 (� m)−1 with different x values (0, 0.59, 0.78, and 1),
espectively. The incorporation of the Cd into Zn1−xCdxO films
ith x = 0.59 causes a significant decrease in the conductivity as

ompared with pure ZnO and pure CdO.
The effect of the Cd incorporation into ZnO material on trapping

evels was investigated by the TSC measurements. Two overlapped
eaks were registered at levels of 0.033 and 0.197 eV in ZnO sam-
le by the curve fitting technique. The observed trap energy levels
or ZnO film is thought to originate from zinc interstitials and oxy-
en vacancies. However, the incorporation of Cd into Zn1−xCdxO
lloy films with x = 0.59 have resulted in two trapping centers with
ctivation energies of 0.118 and 0.215 eV. The observed trap lev-
ls in Zn0.41Cd0.59O alloy film are related to oxygen adsorption in

he sample. Attempt-to-escape frequency, concentration and cap-
ure cross-section of the traps were calculated from the curve fitting
esults. The smaller value of the attempt to escape frequency might
ell be due to the imperfect state of the sample and also observed

n some other samples [51–53].
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Cho, H. Morkoç, J. Appl. Phys. 98 (2005) 041301–041404.
39] D.C. Look, J.W. Hemsky, J.R. Sizelove, Phys. Rev. Lett. 82 (1999) 2552–2555.
40] H. Von Wenckstern, H. Schmidt, M. Grundmann, M.W. Allen, P. Miller, R.J.

Reeves, S.M. Durbin, Appl. Phys. Lett. 91 (2007) 022913–022915.
41] D.C. Look, D.C. Reynolds, C.R. Sizelove, R.L. Jones, C.W. Litton, G. Cantwell, W.C.

Harsch, Solid State Commun. 105 (1998) 399–401.
42] C.G. Van de Walle, Physica B 308–310 (2001) 899–903.
43] A. Janotti, C.G. Van de Walle, Appl. Phys. Lett. 87 (2005) 122102.
44] F. Tuomisto, K. Saarine, D.C. Look, G.C. Farlow, Phys. Rev. B 72 (2005) 085206.
45] T. Frank, G. Pensl, R. Tena-Zaera, J. Zuniga-Perez, C. Martinez-Tomas, V. Munoz-

Sanjose, T. Ohshima, H. Itoh, D. Hofmann, D. Pfisterer, J. Sann, B. Meyer, Appl.
Phys. A 88 (2007) 141–145.

46] Z.-Q. Fang, B. Claflin, D.C. Look, G.C. Farlow, J. Appl. Phys. 101 (2007) 086106.
47] K.S. Ramaiah, J. Mater. Sci.: Mater. Electron 10 (1999) 291–294.
48] D. Petre, I. Pintilie, E. Pentia, I. Pintilie, T. Botila, Mater. Sci. Eng. B 58 (1999)

238–243.

49] E. Turan, M. Zor, A.S. Aybek, M. Kul, Physica B 395 (2007) 57–64.
50] A.S. Aybek, M. Kul, E. Turan, M. Zor, E. Gedik, J. Phys.: Condens. Matter 20 (2008)

055216–055220.
51] I. Guler, N.M. Gasanly, Solid State Commun. 150 (2010) 176–180.
52] I. Guler, N.M. Gasanly, J. Alloys Compd. 485 (2009) 41–45.
53] T. Yildirim, N.M. Gasanly, Curr. Appl. Phys. 9 (2009) 1278–1282.


	Thermally stimulated current analysis of Zn1−xCdxO alloy films
	Introduction
	Experimental details
	Results and discussion
	Structural characteristics
	Electrical properties
	I–V characteristics
	Thermally stimulated currents


	Conclusions
	Acknowledgment
	References


