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Abstract

ZnCdO films were compounded by spray pyrolysis on glass substrates at temperature of 250C°,
using solution of zinc acetate and cadmium acetate salts with various additions concentrations of Zn
(25, 50, 75)%. Structure and optical properties have been analyzed using XRD and UV-Vis
spectroscopy. XRD analysis premiered that thin films were of polycrystalline nature with face
centered cubic structure. The crystallinity increases when the Zn additions increases. Film additions
with 75% Zn has minimum value of dislocation density and strain which confirm the improved
crystallinity of the film. The optical results featured the transparency of the ZnCdO films is greater
than 80% in the visible region, and we found when the concentration of Zn additions increase the
optical band gap increasing from (2.49 to 2.9eV).
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Introduction

Transparent conducting oxide (TCO) have
been discerned and employed technologically
for time worn®., ZnO has prestigiously
transparency in electromagnetic spectrum of
visible region with an extra energy gap about
(3.37eV)@, stellar c-axis orientation, piezo
electronic comportment and high excitation
binding energy (60meV) which is much higher
than the other semiconductors materials, all
these properties makes it a good materials for
optoelectronic device®. As a result of alloying
within magnisum oxide or cadmium oxide the
band gap of the substance can increase up to
4eV or decrease down to 2.8eV® hence, CdO
when combined with wide band gap materials
and when the carrier density increased the
band gap different between 2.2 to 2.9 eV©®,
ZnO® and CdO® are well known, particularly
asemulsion powders(”) these two materials
which belong to transparent conducting oxide
of group II-VI of the semiconductor
components with n-type®.

Then, it is anticipate that the homogenous
composition of the two substance to form a
new materials may change in the electrical and
optical properties of both cadmium oxide and
zinc oxide which is wuseful for various
applications such as buffer layer in solar
cells®9)  photocatalysis® and transparent
electrods®. There are also a number of
methodes used to deposit ZnCdO thin films
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such as sol-gel spin coating®, spray
pyrolysis®, ~ DC  reactive  magnetron
sputtering®, pulse laser deposition®® and
molecular beam epitaxy®®. Between all these
techniques, spray method it is benafet and
alternative for acquires thin films®®). It has
advantage compared with other method
because of simplicity, inexpensive, flexible
and minmal waste produced also it has not
need to vaccum apparatus became high®®),
Then, spray pyrolysis parameters like spray
nozzle distance, substrate temperature,
solution concentration, spray rate, and pressure
carrier gas can tune the film properties well®7),

In this literature, thin films of ZnCdO have
been prepared by a technique of spray
pyrolysis and investigated their structural and
optical properties by used the X-ray diffraction
also UV-Vis spectroscopy. In X-ray the value
of full width at half maximum (FWHM)
acquired from prioritized directives of two
pure admixture by using the formula of Debye
— Sherrer to conjecture the grain size (D)*"):-
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Where A is the X-ray wavelength which is
0.15418nm, B is full width in a half maximum
of the peak that has a maximum intensity and 0
is Bragg angle.

Where the dislocation density (&) which
predefined as the length of dislocation lines
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perunit volume, and it has been reckonsed by
using the equation®:-

Its defined as the measure of the defects
value in the crystal and the amount of
dislodging bushiness obtained. The strain has
been speculated by using the relation”:-

The optical properties such as absorption
coefficient (o) was found to follow the
equation [29:

Where (d) represent thin film thickness, (T)
is transmittance.

The extinction coefficient (ko) could be
calculated by using the equation®:-

aA
41T

ko, =

Where (o) is the absorption coefficient and
() is the wave length of the incident photon.

The value of band gap for ZnCdO films
deposited using spray technique calculated by
using the relation (72

ahv=A (hv—Eg)"

Where (A) as a constant, Egq is energy band
gap of ZnCdO film, Av is the incident photon
energy, and (m=1/2) for direct allowed
transitions and (m=2) for the indirect allowed
transition.

Experimental work

ZnCdO thin films were deposit onto glass
substrate by using spray pyrolysis methode.
The spray solution consists of cadmium
acetate dehydrate dissolved in distelled water
to investigate the doping effect of Zinc on
CdO films, we have used zinc acetate
dehydrate as a source of matrial for zinc which
was added in different weight percentage such
as 25, 50, 75%. The temperature of substrates
were 250C° the carries gas used was
comperesed air and the space between the
nozzle and substrates were 25cm. The
studying of structure determined by Xx-ray
diffractometer (PW/1710, Philips model) with
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CuKa radiation (35mA and A=0.15418nm at
40kV) the optical measurements were studied
by using UV-visible spectrophotometer (UV-
1650 UV-visible recording spectrophotometer)
to measure optical transmittance films in the
range (300-900) nm.

Results and Discussion
1- Structural properties

Fig.(1) represent the diffraction pattern of
x-ray for films deposited at various
concentrations of aqueous solution. The
prepared films exhibit polycrystalline nature
with cubic structure. In patterns whole
diffraction peaks refers to wurtzite-structured
ZnO reflection of planes also the samples Cd
(0), Zn0.25Cd0.75 (0O), Zn0.5Cd0.5 (O) and
Zn0.75Cd0.25 (O) have a strong (111) and
(200) phase of peak with respect to standard
data (ICDD)® 19, It is observed that the peak
corresponding to (002) plane and (201) of ZnO
increases with the increase in Zn addition
concentration. We can observed another
important peak represent by 102, 110, 103 and
112 peak intensities increased with increasing
Zn concentration corresponding to cubic CdO
in addition to hexagonal peaks of ZnO. This
propounds with all the compounded thin films
of ZnCdO have a structure of the hexagonal
wurtzite which are preferentially oriented
along the c-axis perpendicular to the surface of
substrate. All peaks of diffraction have been
indexed according to the hexagonal phase of
ZnO0. In the films there are characteristic peaks
of impurity phases could not be found except
ZnO where take place that revealed to a good
crystalline in the samples nature. The peaks
sharpness clarifies that the nature of films are
polycrystalline and monoclinic, these result
were good agreement with references® 13 14),
By applied the formula (1) we can estimate the
grain size which portrayed in Fig.(2). It is
shows that the grain size increased with
increasing the Zn addition also it could be
attributed to improvement in the crystallinity
at higher value of Zn addition. This
improvement in the order of structure could
also be attributed to the increase in the density
of ZnCdO film, these predilections propounds
that Zn dopant creats engender nucleation
center, with the increase in Zn addition
concentration, the diffraction lines become
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more sharp, thus illustrates an increase in the
size of crystallites our results agreement with
references® 19, In the present work Fig.(3)
show the value of & which calculated from
equation (2) when 25% Zn addition we can see
that the dislocation has a maximum value
because of the interaction between Zn and
defcets very weak and the expanded lattice
caused by Zn incorporation into CdO is the
factor that affects the defect formation
energies, thus the interaction between Zn and
Cd for high of Zn addition assures that the
good crystallinity of the films at 75% Zn
addition and low defects produced which
prepared by utilization this simplified spray
pyrolysis method. The strain as afunction to
additions concentration depicted in Fig.(4)
And we found that the film has an addition
with 75% Zn has the minimum value of strain
resulting in a variation in lattice constant when
the lattice constant decrease indicates that the
large Cd ions are substituted by the smaller Zn
ions in the hexagonal wurtzite ZnO structure
and hence there is decrease in lattice parameter
which favors for improved the crystallinity of
this film019),

2- Optical properties

The optical transmittance spectra of ZnCdO
films processed on glass substrate with
different additions of Zn concentration in the
range of wavelength about 300 — 900 nm are
illustrated in Fig.(5). It is observed that the
optical transmission increases slightly with
increasing the Zn addition concentration.
Assuming that the diffusion of surface for the
atoms deposited have been enhanced with
increasing the Zn concentration and should be
also improved. Hence, when the CdO
concentration decrease, result from widening
the bandgap energy of the films and
transmittance of films increased up to 80%,
which shows a persuaded optical window of
optoelectronic  applications®.  All  films
appears an abrupt change in transmission
attributed to the concentration of free carrier
have been increased which might be to
decrease in thickness of films these results
indicates good crystanillity and direct
transition®1%,  The  dependences  of
absorption coefficients o on wavelength have
been determined from equation (4) are
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represented in Fig.(6) for films doped with
different Zn  concentration. At low
wavelengths decrease occurs in the absorption
coefficient around the absorption edge this
decrease in (a) as the Cd concentration
increase could be correlated to the decrease in
the absorption due to the increased the
transparency®® and leads to increase in
smoothess which might be due to the
enhansment  of  crystallinity and the
concentration of carriers have been increased
that leads to fill the bottom of the conduction
band also that filling prevents the
photogenerated carriers from transition of into
the levels that filled according to the rules of
quantum and that leads to far transitions with
larger photon energy.

The extinction coefficient could be
calculated from relation (5). Fig.(7) show that
the extinction coefficient has the same
behavior but increase with increasing of Zn
addition concentration. The increasing in the
extinction coefficient values with increasing
the addition concentration is due to increases
in the absorption. Is directly return to the
absorbtion of light which become large with
increasing the concentration of zinc addition®®.

The (ahv)? varying versus the photon
energy (hv) represents the direct band gap for
different Zn additions shown in Fig.(8). The
values of band gap have been estimated by
using the formula (6). As the Zn additions
increases the optical band gap is blue shifted
from 2.49 to 2.9 eV. Thus on increase in band
gap has been observed this may be due to the
hexagonal phase. This band gap broadening is
due Moss-Burstein effect. The effect of Moss-
Burstein is related within elevation the Fermi
level into the conduction band of degenerate
semiconductors, which causes of broaden in
band gap these results in agreements with
published literatures®17),
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Represent the value of different concentration.
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. : . absorption | extinction
ad di?(;[:]% mi ddlzlr?sci?“o; Strain € coefficient | coefficient Ene(r('e g{)//)gap
y (o)em™ (Ko)
0 3.05E-05 0.1168 9.49E+04 1.99E-01 2.49
0.25 3.41E-05 0.1245 9.78E+04 2.03E-01 2.65
0.5 3.10E-05 0.1181 9.81E+04 2.07E-01 2.78
0.75 3.04E-05 0.116 1.09E+05 2.27E-01 2.9
Conclusions
The structural and optical properties for
ZnCdO films which deposited by spray
pyrolysis have been studied. The films
showed a good structural properties with
variousdopant concentrations of Zn (25, 50,
75)%. Structure properties reveal crystallinity
increases with Zn additions increases. Film
with 75% Zn addition has a minimum value of
dislocation density and strain which assures to
improve the crystallinity of the film. The
optical transmission results showed that
transparency of the ZnCdO films is greater
than 80% in the visible region with optical
band gap increased from (2.49 to 2.9eV) with
the increasing of Zn addition concentration.
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Fig.(1): X —ray diffraction for ZnCdO thin films with different Zn Additions
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and d) 75%.
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Fig.(2): Grain size of ZnCdO films with different concentration of Zn additions.
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Fig.(3): Dislocation density of ZnCdO films with different Zn addition concentration.
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Fig.(4): Strain of ZnCdO films with different concentration of Zn addition.
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Fig.(5): Transmission spectra for ZnCdO thin films
a) without Zn addition  b) 25% Zn addition ¢) 50% Zn addition and d) 75% Zn addition.
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Fig.(6): Absorption coefficient of ZnCdO thin films for
a) 0% Zn addition b) 25% Zn addition c¢) 50% Zn addition and d) 75% Zn addition.
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Fig.(7): Extinction coefficient of ZnCdO thin films for

a) 0% Zn addition b) 25% Zn addition ¢) 50% Zn addition and d) 75% Zn addition.
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Fig.(8): Direct band gap of ZnCdO thin films for

a) 0% Zn addition b) 25% Zn addition ¢) 50% Zn addition and d) 75% Zn addition.
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