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Abstract

Cd,_,Zn,O nanocrystallite films with doping concentrations varied from x =0.00-0.90 were synthesized through a simple
chemical route of the spray pyrolysis process using 0.05M precursor solution. The suitable optimized temperatures for differ-
ent compositions films were obtained by adjusting deposition temperatures from 693 to 723 K. It was found that structures,
surface morphology, optical and electrical properties of the films can be altered by changing Zn contents in CdO deposits.
The film composition from x =0 to 0.50 have shown cubic phase with (1 1 1) prominent plane and the composition x=0.90
shown wurtzite structure with (1 0 1) prominent plane. However, the composition varied from x =0.60 to 0.80, in the depos-
its which showed mixed structure of cubic and wurtzite. The crystallite size, dislocation density and microstrain have been
evaluated using XRD data. Scanning electron microscope images have shown different surface morphologies for different
Zn doped CdO films. The absorption edge was found to be a blue shift with the increase of Zn content, confirming that there
is an increase in the optical band gap. Other optical parameters such as extinction coefficient, Urbach energy, and optical
conductivity have estimated using absorption spectra. All films show n-type conductivity, and it decreases with increasing

Zn content due to decreasing carrier concentration.

1 Introduction

Nanostructured semiconductors have attracted extensive
research attention for the last several years due to their
unique properties. The structural, optical and electronic
properties of the nanosized structured materials are different
in comparison with that of the bulk. Recently extensive work
has been reported on transparent conducting oxide (TCO)
thin films due to their potential applications in optoelectronic
devices, such as light-emitting diodes, laser diodes, solar
blind UV detectors, solar cells, photocatalysis, etc. Among
several TCO’s, cadmium oxide (CdO) has been investigated
extensively due to its n-type semiconducting nature, low
resistivity and has an optical band gap of approximately
2.5 (eV) [1, 2]. Intentionally variation of composition or
introduction of impurities or dopants into a semiconductor
is a practical approach to change its electronic structure and
then tailoring the electronic and optical properties of the
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material [3, 4]. Usually, optoelectronic devices require high
transmittance with good conductive films. It is known that it
is difficult to obtain a high transmission in the visible region
and good conductivity qualities simultaneously.

Zinc oxide (ZnO) is a highly transparent material com-
pared to CdO. Hence, it is expected that the homogeneous
composing of these two materials allow intermediate opti-
cal and electrical properties between those of pure CdO
and ZnO, making it attractive for various applications such
as buffer layers on solar cells [5]. ZnO has a wide band
gap (3.3 eV at 300 K) and large excitation binding energy
(60 meV at 300 K) [6]. The large exciton binding energy of
60 meV of ZnO at room temperature, much larger than those
of ZnSe (19 meV), GaN (24 meV) and ZnS (39 meV) is
unique to ZnO [7, 8]. The large binding energy facilitates the
stable formation of excitons thereby enhancing the efficiency
of luminescence and the sensitivity of the photo-response
which are an essential requirement for nanoscale optoelec-
tronic devices [9].

The band-gap of CdO thin films can be modified by vary-
ing carrier concentration using appropriate growth condi-
tions in addition to composition variation of Zn [10]. For
the different applications mentioned before, it is especially
important to study the alloy system of the two materials,
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as for how the structure is affected when the composition
changes since it is known that ZnO has a hexagonal wurtzite
structure and the CdO a cubic one. When CdO is doped with
Zn, Zn>* ions can uniformly substitute into the Cd** sites or
interstitial sites in CdO lattice.

Furthermore, in the case of substitution, a lattice distor-
tion may occur due to their different radii. The relative dif-
ference in the melting points of CdO and ZnO may be use-
ful to fabricate CdZnO nanostructure. Further, tuning of the
emission from CdZnO in the visible region may make it use-
ful to transparent self-emitting display devices [11]. Since
there is phase separation, it is very difficult to attain better
quality films. The surface morphology of the film plays a
vital role in gas sensor applications. There have been several
reports on Cd;_,Zn,0O thin films grown by different deposi-
tion methods like spray pyrolysis [12], thermal evaporation
[13], molecular beam epitaxy [14], sol-gel [15], sputtering
[16] etc. Among these techniques, spray pyrolysis opens
up the possibility to control the structure, film morphology
and particle size in the nm range. For example, Vigil et al.
[17] observed the grains of mixed phase of cubic CdO and
hexagonal ZnO for x >0.40 for deposited (Zn0O),(CdO),_,
films by spray pyrolysis. The ZnO crystallites have lower
structural perfection than the CdO cubic phase. The optical
band-gap varied from 2.29 to 3.28 eV, with increasing x
after annealing. However Gupta et al. [18] observed grain
morphology along with fiber nature for higher amount
of CdO. Whereas, the films having a lower percentage of
CdO have shown the only fiber nature very similar to pure
ZnO film. Whereas, Santana et al. [19] found the presence
of the CdO cubic phase pattern for low Zn concentrations
and a mixing of cubic-CdO and hexagonal-ZnO phases
for low Cd concentrations. The crystallinity of all samples
has improved only after thermal annealing. Sui et al. [20]
deposited Zn;_,Cd, O films in which films with x=50% have
shown mixed phases of cubic and hexagonal. Whereas, other
films have shown single crystalline nature with cubic phase
for x> 50% and hexagonal phase for x <50%. The resistiv-
ity of the films has decreased with increasing Cd content in
Zn,_,Cd,O films. So far our knowledge is concerned; there
are very few reports available on the deposition temperature
and composition variation of Zn in CdO thin films by a spray
pyrolysis method using very low precursor concentration
solution. Extensive research work will help to understand
the influence of substrate temperature and Zn composition
in CdO films on structural, optical and electrical properties.
Therefore, a systematic study on the influence of deposi-
tion temperature and composition of Zn in the CdO films on
the structural, optical and electrical properties are required.
Hence, this work primarily focuses on the study of the
change in the transport properties of single and mixed phases
of spray pyrolysed Cd;_, Zn,O thin films as a function of
various compositions of x and deposition temperature.
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2 Experimental details
2.1 Preparation of Cd,_,Zn,O films

Cd,_,Zn, O (x=0.00-0.90) thin films were deposited on a
glass substrate by cost-effective chemical spray pyrolysis
method. Zinc acetate-di-hydrate [Zn (CH;COO),-2H,0,
Sigma Aldrich, >99% purity] and Cadmium acetate-di-
hydrate [Cd (CH;COO),-2H,0, Sigma Aldrich, >99%
purity] were dissolved in double distilled water at a precur-
sor concentration of 0.05M. The solution was sprayed at a
rate of 2 ml/min on preheated glass substrate held at differ-
ent optimized temperatures. The substrate temperature was
studied according to the composition variation since the
vapor pressure of CdO is greater compared to ZnO. The
good films were obtained by optimized temperature for
films having composition x =0, 0.10, 0.20, 0.30, 0.40 and
0.50 are 693, 698, 703, 708, 713, and 718 K respectively,
723 K for x >0.60% Zn. The spray nozzle was fixed at a
distance of 28 cm from the substrate. The gas pressure was
kept at 5 kg (f)/cm>. After each deposition, the samples
were kept same temperatures for 30 min and then cooled
back naturally to room temperature. The films having a
good homogeneity, stoichiometry, uniform, high adherent
and pinhole free were obtained by setting an optimized
preparation condition (Table 1).
Chemical reaction:

Cd(CH;C00), + Zn(CH;C00),

h
+H,0— CdZnO | +6CH;COOH 1
2.2 Characterization of deposited films

The thickness of the films was measured from DektakXT
Surface Profile Measuring System (Bruker Model no.
DXT-18-1715). Rigaku Miniflex 600, diffractometer with
CuK, radiation (1.5405 A) over the range 26 = 20°-80°
was used for structural studies. The morphological and
compositional studies of the films were carried out by
Scanning Electron Microscopy (SEM) (Zeiss EVO 18-15-
57) and Energy dispersive X-ray analysis (EDAX). Optical
studies were done using Shimadzu-1800 UV-Vis spec-
trophotometer in the range from 350 to 800 nm in both
absorption and transmittance modes. The measurements
of electrical resistivity and carrier concentration were
recorded using a Keithley 6220 source meter and mag-
netic field of 0.5 T by Van der Pauw technique. An optical
microscope was used to check the uniformity, homogene-
ity and pin hole free surface of deposited films. The film’s
adherence was confirmed by mechanical tap technique.
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Table 1 Optimized deposition
conditions used to deposit
Cd,_Zn,O films using 0.05
molarity solution

Solute

Cadmium acetate di-hydrate and Zinc acetate di-hydrate

Solvent

Concentration of solution

Composition of (Zn)

Carrier gas

Solution spray rate

Substrate temperatures for
various x values

Substrate to nozzle distance

Film thickness

Double distilled water
0.05M
x=0.00-0.90 at.%

Compressed air 5 kg(f)/cm2

2 ml/min

693 K 698 K 703 K 708 K 713K 718K 723 K
0.00 0.10 0.20 0.30 0.40 0.50 0.60-0.90
28 cm

500-550 nm

3 Results and discussion
3.1 Structural properties

The XRD patterns of pure CdO and Cd, ;,Zng ¢y O thin
films with different growth temperatures are shown in
Fig. 1a. The films have shown cubic and wurtzite structure
for CdO and Cd, ;oZn, ¢,O respectively. The diffraction
peak intensity had increased with increasing substrate tem-
perature, indicating the enhancement of crystallinity. On
the other hand, at the higher deposition temperature, the
premature decomposition of precursor before reaching the
substrate might be the reason for the amorphous nature of
the film. Similar kind of result was also noticed by Singh
et al. [21] for the spray deposited nano-crystalline CuO
films. Figure 1b shows the XRD graph of Cd,_, Zn,O thin
films for different Zn dopant. These results demonstrated
that the films were grown with a cubic structure and the
peaks were assigned to (1 11),(200),(220)and (31

1) plane for x up to 0.50. With increasing x value above
0.50, the transition from the cubic structure to a hexagonal
form occurred. In composition x =0.50-0.80, the mixture
of hexagonal and cubic structures with strong peaks along
(10 1) and (2 0 0) were observed respectively. Whereas for
x=0.90 the crystal structure of thin film was hexagonal
and all the peaks were assigned to (1 00), (002), (10
1),(102),(110),(103)and (11 2)diffraction lines of
wurtzite Cd,;_,Zn,O. The prevalent presence of the crystal-
line cubic phase for below 50% Zn dopant agrees with the
trend observed for other II-IV based mixed thin film oxides
[5]. This may be attributed to their same electrovalence
and similar Pauling electronegativities (1.65 for Zn and
1.69 for Cd). Incorporation of Zn in CdO lattices results
in shifting of a diffraction peak to higher angles since the
ionic radius of Zn is slightly lesser than Cd. The mixture
of the two structures was observed in the films of dopant
intermediate between 20 and 50%. Since for high values of
Zn concentration, films grow with small crystalline grains
of ZnO. The decrease in peak intensity is attributed due
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CdO and Cd, 1, Zng o O films (@) (b) 22§ 2 2% logo
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to the effect of Zn content in the lattice of CdO thin films.
The decrease in full-width half maxima (FWHM) of dif-
fraction peaks for mixed phase films results in an increase
of crystallite size with increasing Zn content.

The mean crystallite size of the films was calculated using
the Scherrer’s formula [12]

_ 094
" Bcosb @)

where 0 is the Bragg’s angle, A is the wavelength of X-ray
and f is the FWHM.

The other microstructural parameters such as microstrain
(e), dislocation density (8) and the number of crystallites per
unit area (N) of the films were calculated using following
equations [22, 23].

. ﬁczs 0 @
n

0= 3)
t

D 4)

where n is a factor which equals unity giving a minimum
dislocation density, t is the thickness of the thin films.

The average crystallite size is found to increase slightly
with increase in the substrate temperature. This can be
attributed to the improvement of crystal quality due to the
periodic arrangements of atoms in the crystal lattice. The
increase in deposition temperature (reaction temperature)
results in grain growth, thereby an increase in crystallite size.
A slight change in dislocation density, strain and number
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of crystallites per unit area with deposition temperature are
presented in Fig. 2a. The smallest value of dislocation den-
sity and strain for optimized temperature indicates minimum
defects compared with the films deposited for other substrate
temperatures. The crystallite size was calculated using prom-
inent peaks of all deposited films. Figure 2b, it is found that
least crystallite size was 9 nm for x=0.70 at.% Zn content.
Variation of crystallite size with Zn composition is probably
indicating that incorporation of Zn in CdO is contributing
to the change in crystallinity as well as the preferred growth
orientation of CdO thin films. The presence of dislocation
density and micro-strain strongly influences many of the
properties of materials. Hence the determination of these
quantities is essential to study the structural properties of the
deposits. The micro-strain in the films is slightly increased
with respect to Zn doping concentrations. In addition, since
the ionic radius of Zn>* ions is slightly lesser than Cd*" ions,
the strain in CdO lattice is influenced by Zn** and thereby
alters the preferential growth. Zinc incorporation will lead
to the lattice contraction and will cause the appearance of
the tensile stresses. It is due to the difference in ionic radii
between zinc and cadmium [24].

The lattice parameters ‘a’ and ‘c’ for hexagonal structure
can be calculated from below relation
L_é_lh2+hk+lz+ﬁ )
d> 3 a? 2

The lattice parameter ‘a’ for cubic structure can be calcu-
lated from relation given below

a
N O

The variation in the lattice parameter is listed in Table 2.
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Fig.2 Crystallite size and dislocation density versus a substrate temperature and b Zn concentration in Cd,_,Zn,O films
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Table2 Evaluated lattice Samples Deposition Lattice constant (A) Number of crystallites per Strain €
parameFers, nume:r of temperature 3 unit area ‘N’ (x10'cm™2)  (lines™2> m™)
crystalhte§ per unit area and (K) Hexagonal ~ Cubic
micro strain of Cd,_,Zn,O films
prepared using 0.05M solution Cdo 623 a=4590 12 0.091
molarity 673 a=4595 11 0.086
693 a=4.597 11 0.084
Cdj g9 Zny 00 698 a=4.594 13 0.079
Cdj g9 Zny,,O0 703 a=4.591 15 0.114
Cdj 79 Zny5,0 708 a=4.589 17 0.119
Cdyeo Zng 4O 713 a=4.586 18 0.203
Cdys0Zny5,0 718 a=3.245 a=4.588 20 0.089
c=5.239
Cdy 4 Zny O 723 a=3.230 a=4.591 26 0.110
c=5.235
Cdy39Zny,,0 723 a=3.226 a=4.589 42 0.142
c=5.223
Cdj,0 ZnygO 723 a=3.217 a=4.587 36 0.152
¢=5.200
Cdj 10 ZnyeO 623 a=3.2608 48 0.160
¢=5.2802
673 a=3.2007 32 0.156
c=5.1366
723 a=3.3007 23 0.141
¢=5.3062
773 a=3.1886 31 0.150
¢=5.1036

A slight variation in lattice parameter ¢ upon Zn doping
was observed, which indicates that the samples were in a
uniform state of stress with tensile component parallel to
c-axis [24]. The other possible reason for the variation might
be because of the variation in the linear thermal expansion
coefficients of CdZnO film and glass.

3.2 Surface morphology

During the pyrolytic decomposition of the sprayed drop-
lets onto the hot substrates, different atomic rearrangement
processes are responsible for the different surface topog-
raphies of the thin films. The improvement of the crystal
structure, as well as the homogeneity and well distribution
of grains that are coalescended in the form of nanoclus-
ters with increasing substrate temperature, were observed.
Since the increase in temperature has provided enough
energy for nucleation. At lowest substrate temperature,
the film was dense, and grains were unclear. For films
deposited at a higher temperature, the grain boundaries
can be distinguished clearly. It is clear that the grain size
increased with increasing substrate temperature. With Zn
doping the films become relatively more compact and uni-
form with tiny crystallites. The grain growth due to the
agglomeration, coalescence and aggregation events during

the deposition causes the improvement. The agglomera-
tions of grains to form smaller particles are noticeable in
all the films (Fig. 3). The films having mixed phase leads
to the formation of a dense surface with irregularly shaped
agglomerations of grains. The grains are larger and show
smooth, regular arrangement. For all the films rather a
rough surface was observed. The films of less Zn content
are slightly different in comparison to others. The grains
are better resolved and can be identified more clearly. This
correlates with XRD results, which revealed that the films
with less Zn content characterized by smallest value of the
strain and smallest zinc content in comparison to other
films. The uniform distribution of fibrous structure was
observed for the deposits having 90% of Zn content. The
fibrous structure occurs may be due to during the drying
process, compressive membrane force is generated. This
leads to twisting of the gelated thin films and creates disor-
dered wrinkles in the form of fibers. It should be noted that
the developed surface texture is required to provide light
scattering and subsequent light trapping inside the silicon
solar cell structure. The doping concentration has a regu-
lar effect on the grain structure. Which is contradictory
with the results of Khranovsky et al. [25] in which they
have not seen any obvious effect on the grain structure
in film morphology. The obtained structures play great
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Fig.3 a—j SEM images of Cd;_,Zn O films for different values of x from 0.00 to 0.90

role in device applications such as solar cells, gas sen-  surface-to-volume ratio, it leads to increase in the number
sors due to their high specific surface area and adsorption  of adsorption sites for gaseous molecule interaction with
capacity. The obtained fibrous and spherical grain nature  the surface.

of the surface could be considered good for the chemi-

cal reaction and diffusion process needed for the sensing

mechanism. The simplicity of fabrication of nanostruc- T;able3t ?Omfl’os,iﬁgnal z;)nd Element Atomic %
tured CdZnO facilitates tailoring its surface with higher o crichta anaysis e by
- . - EDAX spectrum ZnK 80.88
surface area. This will help to boost adsorption of various CdL 10.12
gases for their effective detections. Moreover, due to the )
Totals 100.00

fibrous structure of 90% Zn doped film, which offers high
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Fig.4 Typical EDS spectrum recorded for Cd, ,,Zn, g, O films

Table 3 summarizes the compositional and elemen-
tal analysis done by energy dispersive analysis of X-rays
(EDAX) spectrum (Fig. 4). Three peaks related to Zinc,
Oxygen, and Cadmium were identified. This confirms
the incorporation of Zn content into the CdO films using
spray pyrolysis. The smoothness of the films stayed unal-
tered even after the addition of Zn in CdO, which is gen-
erally found in the doping process. Other elements like
Si, Ca and O were present due to glass substrates. These
elements were eliminated in the EDAX spectrum used for
compositional analysis. The ratio of Cd and Zn cations
becomes important for obtaining a TCO film.

3.3 Optical properties
The transmittance of the samples was measured as a func-

tion of the wavelength in the range of 300-800 nm. Fig-
ure 5a for all prepared films indicates, there is a small and

(a) —— 523K
100} ——8673K

T %

400 500 600 700 800
Wavelength (nm)

gradual increase in the optical transparency in the visible
region, and some saturation occurs in the infrared region
that reaches to more than 90% with a relative change in the
absorption edge. An increase in the transparency with an
increase in the substrate temperature was observed which
may be due to the improvement of the film crystal structure.
The blue shift can be explained by one of the mechanisms
of the Burstein—Moss effect [26], which was from the Fermi
level motion leading to an increase in the charge carrier con-
centration when the temperature of the thin films increased.
The incomplete decomposition of the precursor, which leads
to exist residual organic components in the films, and low
crystal quality of films at low temperatures create defects
which result in strongly absorbed visible light. The films
deposited at high temperature were highly transparent in the
visible region, but their UV transmission was low. The sub-
strate temperature provides enough energy for nucleation,
and it shows better crystal quality for higher temperature.
The films deposited at 773 K shown decrease of transmit-
tance due to the diminished quality of deposits created by
defects at higher temperature. This may also be due to the
limitation of the transition temperature of borosilicate glass
substrate (above 723 K). In this context, we identified opti-
mized substrate temperatures for different Zn composition
among the many different trials, as it provided the required
thermal energy for proper decomposition of the precursor
salt and the crystallization of Cd,_, Zn,O thin films, which
has been mentioned in Table 2.

Figure 5b shows the optical transmittance of Cd,_, Zn,O
films where transmittance increases with Zn content in the
deposited films. The high transparency is associated with
a good structural homogeneity. The Cd,_,Zn O film with
high Cd content will induce more crystalline defects like

10
(b)
80
60
X
H 2 —p= (.90
40 g -0—0.80
—-&=—0.70
=A=0.60
s =afe=0.50
20 —=0.40
—5=0.30
i =0=0.20
=0=0.10
(¢ =2=0.00
400 500 600 700 800

Wavelength (nm)

Fig.5 Optical transmission spectrum of a pure CdO and Cd, 4Zn,¢,O films deposited at different substrate temperatures and b Cd,_, Zn,O

films with different composition using 0.05M solution molarity
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oxygen vacancies, cadmium and zinc interstices which as
scattering centers would reduce the optical transmittance
[27]. These decreases in the transmittance values in the CdO
films having less amount of Zn content may be due to the
grain boundary scattering. It is also due to the absorption of
the visible light by Cd nanoparticles. In transparent metal
oxides, the metal to oxygen ratio and crystal orientation
decides the transmittance. A metal-rich film usually exhibits
less transparency [28]. The increase of transmittance with
Zn dopant films could be applicable for window layer in
solar cells.

The optical energy band gap of the film was estimated
from the fundamental absorption edge of the films. The
relation between the absorption coefficient (o) and photon
energy (hv) optical transition is given as,

(ahv) = A(hv — Eg)" @)
where ‘a’ is the absorption coefficient, A is an energy-inde-
pendent constant and E, is the optical energy band gap and
the value n=1/2 or 2, for direct and indirect allowed transi-
tions respectively.

Figure 6a and b shows the variation of (othv)? versus hv for
different substrate temperatures and Zn content level in Cd, _,
Zn, O films respectively. The energy band gap was determined
by extrapolating the linear portion of the plot (ahv)? versus hy
to the energy axis at a=0. It was observed that the optical band
gap values increased with increasing temperature, which can
be due to improvement in crystallinity of the samples as sup-
ported by XRD studies. It can also be observed that the optical
band gap increases from 2.18 to 3.03 eV with increasing Zn
concentrations, which is in good agreement with the previ-
ous reports [29]. As the band gap of ZnO is larger than CdO,
while alloying of Zn, the 5s electron state of Cd, below the
conduction band will become less predominant than the high
energy 4s state of Zn. This shifts the conduction band edge
upwards and results in an increase in the band gap [30]. Hence,
the absorbance below 465 nm makes Cd0.10 Zn0.900 film a
righteous choice of light detectors from UV to blue region. It

is noticed that the band gap of CdO is initially increased from
2.18 to 2.54 eV up to 0.60 at% Zn doping, and then slightly
decreased to 2.46 eV for 0.70 at% Zn doping and for higher
doping concentration, band gap again increased with increase
in Zn doping concentration (Fig. 6¢). The trend of energy band
gap variation is correlated with the crystallite size, which was
decreased with increasing Zn dopant due to the ionic radius of
Zn is smaller than Cd. Up to 0.6% of Zn, the prominent peak
was related to Cd. Thereafter, it was suddenly changed to Zn
and crystallite size was found to increase. At 0.7% Zn doping
there was a complete change in film properties confirmed by
XRD. Tang et al. [31] applied the first-principles calculation
to study wurtzite Zn, _,Cd, O alloys with different Cd dopant.
They attributed the reduction of band gap with the increase
of Cd content to the contributions of the hybridization of
electronic states of Zn-4s and Cd-5s, the enhancement of p—d
repulsion and the tensile strain due to Cd-doping. The tailoring
of the optical band gap should help in designing a particular
Zn:CdO film for its use in solar energy storage devices. For
solar cell applications, TCO’s should have widened the band
gap and the widened band gap values obtained here for CdZnO
films make them suitable for photovoltaic solar cells and other
optoelectronic devices.

Urbach energy and extinction coefficient of the films have
strongly dependence on the deposition temperature and Zn
doping concentration. The absorption coefficient shows expo-
nential energy dependence, referred to the Urbach tail. Urbach
energy and extinction coefficient are calculated by the relations
[18]:

o = o €X by 8
= 0y eXp E, ®
_ah

K_47r ©)

where «a is an absorption co-efficient, A is the wavelength.
E, is the Urbach energy which corresponds to the width of
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the band tail. Thus, a plot of Ina verses photon energy (eV)
should be linear and Urbach energy is calculated from the
reciprocal gradient of the linear portion of curves.

The Urbach tail is the width of the localized states avail-
able in the optical band gap [32]. Figure 7a and b shows
the linear curves of In (x)verses photon energy (eV) for dif-
ferent substrate temperature and Zn dopants respectively.
The linear behavior obtained between In(a) and hv in the
strong absorption region suggests the transition between the
occupied states of the valance band tail to unoccupied states
in the conduction band. Decrease of disorder in the band
edge with increasing deposition temperature, which varies
inversely with values of the energy band gap. The Urbach
energy for different temperatures of deposit Cd, ;yZn; ¢oO
and CdO was varied from 0.25 to 0.22 eV and 0.84 to

a
( ) 16| —m— 573K
15
14
=4
~ 13
S
S
=
=i 42
—,— 523K
1 (€A, Zn,,0) | —o—BT73K
—— T 23K
10 ——— — o 773K]
2.00E-009 2.50E-009 3.00E-009 3.50E-009

Photon energy (eV)

0.80 eV respectively. The Urbach energy was varied from
0.80 to 0.22 eV for the deposits with different Zn content.
Figure 8a and b depicts the extinction coefficient of the
films for different substrate temperature and Zn dopants
respectively. It has an inverse relation with the transmit-
tance spectrum. The source k (absorption) refers to the
inelastic scattering of the electromagnetic waves in the
semiconductor such as the Compton effect, photoelectric
effect, pair production effect and so on [33]. The change in
extinction coefficient along with the increase in tempera-
ture may be attributed to the temperature dependence of the
electronic polarizability at constant volume. Meanwhile, it
decreases with increasing wavelength. This suggests that the
Cd,_,Zn,O thin film shows a normal dispersion. The (low)
high transmittance spectra have (high) low optical constants.

(b)
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Fig.7 Variation of In («) versus photon energy of a pure CdO and Cd,yZn,, O films deposited at different substrate temperatures and b

Cd,_Zn,O films prepared using 0.05M molarity solution
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The low value of extinction coefficient in the visible region,
it is a qualitative indication of excellent surface smoothness
of the CdZnO thin film.

The optical conductivity (o) of the films was calculated
using the relation [34],

5= 2
T 4n (10)

where c is light velocity in a vacuum. The variations of
the optical conductivity with incident photon are shown in
Fig. 9. The optical conductivity describes the free charges.
It is more for high Cd content films and films deposited for
high substrate temperature. The gradual modification of opti-
cal conductivity of the deposits with substrate temperature
was noticed (Fig. 9a). The optical conductivity dramatically
changes, which means that available free carriers absorb
photon energy and hence maximum optical conductivity is
observed in less Zn doped CdO films (Fig. 9b).

3.4 Electrical properties

Hall measurements were performed at room temperature to
characterize the electrical properties of Cd,;_,Zn, O films,
such as to identify the conductivity type and to determine
the resistivity and carrier concentration. All deposits have
shown n-type conductivity, which is confirmed by the neg-
ative sign of Hall coefficient. The variation in electrical
properties such as resistivity (p) and carrier concentration
(n,) of Zn doped CdO thin films is as shown in Table 4.
The increase in resistivity with high Zn-doped film can
be attributed to the deterioration of crystallization quality
because the charge carriers will decrease due to the longer
carrier path length and the increase in the scattering of
the charge carriers at the crystal defects [35]. For mixed

(a) so000¢
——623K ——623K
—a—573K 57 3K
_ ——693K 723K
< 400000 77K
©
Y
2 300000 (€10 —>
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Photon energy (eV)

Table 4 Electrical resistivity and carrier concentration of Cd,_,Zn,O
thin films prepared using 0.05M solution molarity

Carrier concen-
tration n (cm™)

Zn content (at.%)  Resistivity p (Q cm)

0.00 0.00002 1.31x10%
0.10 0.00008 3.78 x 10%
0.20 0.00052 1.11x10%
0.30 0.0012 1.42x10%°
0.40 0.007 1.08x10"
0.50 0.068 7.99%10'8
0.60 1.378 4.47x%10"
0.70 1.212 6.73x 10"
0.80 3.021 8.91x10'
0.90 4.042 7x10'°

phase films, the cadmium atoms may also segregate at
the grain boundaries in the form of amorphous cadmium
components, which will increase the grain boundary bar-
rier. Thus, the mobility of charge carrier decreases as more
scattering and grain boundary barrier effects occur. This
might be the reason for high values of resistivity. The car-
rier concentration of CdO thin films was decreased with
the increasing Zn concentration. The large value of the
carrier concentration in low Zn content films may be due
to the interstitial occupation of some Cd** ions, which
donates two electrons to the conduction band. For mixed
phase of films, less carrier concentration was observed.
This may be because of increased lattice distortion.
Enhancement of the migration of smaller crystallites and
joining of similarly oriented grains reduces the scattering of
electrons, which increases the mobility of charge carriers.
Improvement in electrical properties for less Zn doped CdO
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Fig. 9 Optical conductivity of the films versus incident photon hv of a pure CdO and Cd, ;yZn oo O films deposited at different substrate tem-

peratures and b Cd,_,Zn O films deposited using 0.05M molarity solution
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Table 5 Comparison of Zn, 5,Cd, 5,0 film result with previous reports

Reports Structure Crystallite size  Surface morphology Energy band gap (eV) Resistivity p References
(nm) (€2 cm)

Sumanth Mixed phase 13.2 Spherical nano grains 241 0.068

Vigil et al. Amorphous 2.59 0.06 [17]

Gupta et al. Fibrous 2.49 [18]

Santana et al. Amorphous 2.60 [19]

Sui et al. Mixed phase 2.92,2.31 0.01 [20]

Tabet et al. Amorphous 2.35 [29]

Caglar et al. Mixed phase 40 Grains 91 [36]

Ali et al. Mixed phase 10.30 Grains 2.77 [37]

films due to the large value of crystallite size, less defects
and a decrease of grain boundary area compared to high
Zn doped CdO films which are confirmed by XRD results.
The good conductivity observed in the films suggests that
CdZnO with high Cd content film is a potential candidate
for applications such as photodiodes, phototransistors, pho-
tovoltaic cells, transparent electrodes, liquid crystal displays,
optical limiter and optical switching. Table 5 indicates the
comparison of 50% Zn doped CdO film with previously pub-
lished reports.

4 Conclusion

TCO of Cd;_,Zn,O films were grown on a glass substrate
at different substrate temperatures using 0.05M molar-
ity of Cadmium acetate and Zinc acetate solution through
spray pyrolysis technique. The deposition temperature was
optimized for different composition films to get uniform,
homogeneous, stoichiometry and highly adherent films. All
deposited films were polycrystalline in nature. The films of
x<60% and x =90% of Zn content shown the single phase
of cubic and hexagonal phases having (1 1 1) and (1 0 1)
prominent planes respectively. The films of 50-80% Zn com-
position has shown a mixture of hexagonal-cubic phases. A
gradual change of crystallite size, dislocation density and
strain was noticed with increasing Zn content except for
70%. The uniform spherical grain observed for all deposits
except 90% Zn composition in the film which shown fiber
structure. The enhancement of optical transmittance and blue
shift of absorption edge was found with increasing deposi-
tion temperature, and Zn content indicates the widening of
the optical energy band gap. Optical parameters like optical
conductivity, extinction coefficient, and Urbach energy were
shown a systematic variation in deposition temperature and
Zn content in the deposited films. All deposits shown n-type
semiconductor nature. Enhancement of electrical resistivity
with Zn content in the deposited films is mainly due to the
reduction of carrier concentration and crystallite sizes. It is

concluded that the tuning of the optical band gap and resis-
tivity of deposit films with varying deposition temperature
and Zn concentration is helpful to be used as a potential
candidate for the optoelectronic device.
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