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Investigations into the structural, morphology and optoelectronics properties
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This study used spray pyrolysis to create CdO films that were undoped and doped with Cu
at varied concentrations (0, 1, 2, 3, 4 and 5%). The materials' polycrystalline cubic nature
is confirmed by XRD examination. Rietveld refinement was used to get the lattice
constant. In terms of energy dispersive more about the chemical makeup of materials. The
structure, morphological, optical, and electrical properties of the film were investigated
using the (XRD), (SEM), UV- spectrophotometer, and Hall arrangement. The band optical

gaps, E ;)p ! , of the CdO:Cu films were observed to decrease as the quantity of Cu doping

increased. Also, effective Cu doping enhances the electrical characteristics of CdO, as
shown by the film's 3 % resistivity. The carrier concentration is approximately 5x10% of
that 2.25x10% of the undoped film, whereas the amount of Cu doping is approximately ten
of that of the CdO film. To increase both optical and electrical properties in a variety of
optoelectronic device applications, Cu-CdO films can be used as Transparent Conducting
Oxide (TCO) materials.
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1. Introduction

Transparent conducting oxide materials have recently been the topic of extensive research
because of their potential for use in technological products by transmitting visible-range photons
and carrying electric charge [1, 2]. Optoelectronics, photovoltaics, photodiodes, and other fields
could all benefit greatly from optical transparent conducting oxides with programmable band gaps
[3-5]. The n-type semiconductor CdO has an optical gap of 2.5 eV [4]. Owing to its excellent
optical transmittance in the visible region and great electrical conductivity, CdO has recently
attracted attention as a practical material for solar cell submissions [6]. The CdO-based photodiode
displayed that the reverse current of the diode increases by three orders of extent under typical
tungsten light [7]. The effect of band gap (nanoparticle size) on the modification performance of
the diode was too examined [8]. Doping can also be used to modify CdO's optical characteristics
and therefore its band gap [9]. Deokate et al. [10] discovered that F doping increases the optical
band gap of pure CdO films. The effects of Sn doping on the optoelectrical properties of CdO film
have been well-documented [12]. It was demonstrated that Sn doping causes the optical band gap
to shift to the blue and the electrical conductivity to decrease. Dakhel recently released a few
studies based on CdO films doped with rare earth elements [13, 14]. According to these
publications, light rare earth element doping often causes the optical band gap of CdO films to
decrease. Several techniques, such as chemical deposition, spray pyrolysis, chemical vapour
deposition, chemical bath deposition, sol-gel, and sputtering, can be used to create both undoped
and doped CdO films [15]. The nebulized spray pyrolysis (NSP) method is used in this instance to
produce CdO:Cu films since it is straightforward, cost-effective, and able to deposit over vast
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areas. This method's ability to create polycrystalline structured films is a key benefit [16]. This
work investigates and reports on the structure-morphology, optoelectrical of the Cu-doped CdO
film properties.

2. Details of an experiment

2.1. Utilizing the spray pyrolysis coating process, prepare the film

Glass substrates were coated with thin layers using a standard spray pyrolysis coating
method. 2.65 grammes of cadmium acetate dehydrate (Cd(CH3COO),2H,0) were dissolved in 100
cc of water to create a 0.1 M solution of cadmium acetate. The precursor solution contained
dissolved copper chloride (CuCl,.2H20). The atomic percentage of copper to cadmium was
changed from 0 to 1, 2, 3, 4, and 5 at.% to examine the consequence of copper concentration on
the physical properties of the CdO films. After a thorough stirring, the solution was heated for
roughly 50 minutes at 60 °C, until it became bright and ready for spraying. Each sample's substrate
temperature was accurately controlled to 300 °C using a temperature controller. The nozzle was 30
cm away from the substrate and the deposition rate was 10 mL/min. The heated plate rotated at a
rate of 35 rpm. Glass substrates were prepared for the films by first cleaning them with ethanol in
an ultrasonic bath for 20 min. The system was allowed to gradually cool to RT after around 90
minutes. The atomic ratios of copper to tin in the spray solutions used to create the 0-Cu/CdO, 1-
Cu/CdO, 2-Cu/CdO, 3-Cu/CdO, 4-Cu/CdO, and 5-Cu/CdO thin films were 0, 1, 2, 3, 4, and 5
(at.%), respectively.

2.2. Materials characterizations

Film samples with 20 ranging between 5 and 70 have been examined for phase purity and
crystal structure using (XRD) Philips diffractometry (1710). EDAX and XR-photoelectron
spectroscopy (XPS) were also used to examine the chemical composition of materials. The
indicated elements' relative inaccuracy cannot be greater than 2%. To determine the morphologies
of the samples, (JEOL-2010) used SEM. The characteristics of the band structure were examined
using the XPS method. Using a UV- JASCO-670 spectrophotometer, the absorbance optical
spectra of the deposited films were measured at room temperature. Using a quartz cuvette with a
thickness of 1 cm, the absorption spectra of materials were captured in the 300-2500 nm range for
a dispersed solution (powder dispersed in ethanol). Van der Pauw method and Hall effect
experiment were used to measure the electrical properties of 0-Cu/CdO, 1-Cu/CdO, 2-Cu/CdO, 3-
Cu/CdO, 4-Cu/CdO, and 5-Cu/CdO films (HMS-5000, ECOPIA). On a glass substrate of 1 cm?,
the resistivity, mobility, and carrier concentration were examined.

3. Results and discussions

3.1. XRD analysis and morphology

Figure 1 shows the XRD patterns of the pure and CdO:Cu thin films (a). The (111), (200),
(220), (311), and (311) planes are represented by the five diffraction peaks in this figure, which are
situated at angles of 33.01°, 36.03°, 55.27°, 65.71°, and 69.25°, respectively. The peaks support
the cubic crystal structure of the pure CdO phase and agree with the baseline JCPDS data (05-
0640). The lack of CuO or Cd(OH), peaks in the XRD patterns indicates that the host CdO lattice's
inclusion of Cu®" ions had no effect on the substance's crystal structure. Because Cu®" ions replace
Cd*" ions in the host lattice, the host lattice shrinks (decreased lattice parameter values, Table 1),
which results in the (111) peak shifting towards a higher angle with an increase in Cu
concentration (Fig. 1 (b)). This is because Cu?* ions have a smaller ionic radius (0.73 nm) than
Cd*" ions, which causes the host lattice to contract (0.95 nm). Subsequently, using the Rietveld
method, the lattice parameters (a=b=c) of the pure and Cu-doped CdO thin films were determined
and refined [18]. In Fig. 1, the results of the Rietveld refinement are shown as an illustration (c).
The relatively small discrepancy between the measured and refined intensities, as shown in Fig.
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3(c), as well as the lattice parameters and low R-factors listed in Table 1 provide evidence that the
refinement was successful.
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Fig. 1. (a) XRD of CdO:Cu thin films, (b) peak shift of (111) plane and (c) XRD of 1-Cu/CdO film with
Rietveld Refinement.

By using the Scherrer (D =0.94/fcos@) and Wilson (e = f/4tand) equations,
XRD data were also examined to determine the size of the crystallite, D, and macrostrain, e, of the
CdO:Cu films [17-19]. After correcting (g=./52 -2, )

In which £ is the broadening equivalent to the variation in profile width between the films,
Pobs, and the standard (silicon), S«q4. Figure 2 depicts the reduction in crystallite size brought on by
the greater integration of Cu’?" ions into the host CdO lattice's Cd** sites. Also, the variable
displacement of the atoms relative to their reference-lattice positions results in lattice strain
widening. A reduction in crystallite size and an increase in lattice strain result in the degradation of
the crystalline quality of CdO films with Cu doping and an increase in the total grain boundary
fraction in the films.
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Fig. 2. Average crystallites size and lattice strain versus Cu concentration of Cd«CuxO films.

Figure 3 illustrates the Energy Dispersive Analysis X-ray (EDAX) profile of two thin
films: (a) 1-Cu/CdO and (b) 4-Cu/CdO. The elemental makeup of the generated films was
examined using EDAX tests, which also served to validate the successful doping of Cu to CdO
films. It's intriguing to note that no extraterrestrial stuff is present in the spectrum. Further
evidence of sample purity. All doping samples contained copper peaks and those for cadmium and
oxygen, which are given in table 1 by weight percentage. This indicates that doping Cu was
successful. This makes it obvious that the strength of Cu grows as the amount of Cu incorporated
into CdO increases. Cu was found in the CdO system, and EDAX analysis supported this. The
weight percentage was practically the same as the nominal stoichiometry of their films.
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Fig. 3. (a) EDAX of CdO:Cu (a) 1-Cu/CdO and (b) 4-Cu/CdO thin films.

Figure 4 depicts the SEM of thin films with Cu concentrations of 1 weight percent (a) and
4 weight percent (b) correspondingly. It can be seen that the doping of Cu results in a clear
reduction in grain size. The average grain size of 1-Cu/CdO and 4-Cu/CdO films is around 37 nm
and 26 nm, respectively, with a slightly wider grain size distribution for the former, ranging from
20 nm to 60 nm, and for the latter, from 10 nm to 45 nm. A reduction in average grain size leads to
poor crystalline quality and an increase in the overall grain boundary fraction in the films.
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Fig. 4. SEM images for CdO:Cu (a) 1-Cu/CdO and (b) 4-Cu/CdO thin films.

3.2. Optical characterization

Figure 5 reports the absorbance spectra of the CdO:Cu thin films. The derivative of
absorbance to wavelength was used to determine the band edge value. Figure 6 displays the
derivative of the absorbance of CdO:Cu films as a function of wavelength. The findings of the

survey are provided below. The formula E” " =hc/hmax, Where Amas, is the wavelength of maximum

absorption and ¢ is the speed of light, can be used to determine the band edge of thin films from
the location of the peak [20, 21]. When the Cu concentration rose, the band edge of the
investigated films dropped from 2.55 eV (1-Cu/CdO) films to 2.13 eV (5-Cu/CdO) films. The
band gap and optical properties of manufactured Cu doped and bare CdO films are calculated

using the Kubelka-Munk function [22] that is ohv = A(hv- E ;p "y, where h is the plank constant, v

is the frequency of incident radiation, a is the coefficient of absorption, and p is taken as !4 for
direct band gap semiconductors. The band gap values can be obtained by extrapolating the linear
section of the figure between hv and (chv)’.. When Cu concentration rose, the band edge of the
investigated films dropped from 2.51 eV (1-Cu/CdO) films to 2.28 eV (5-Cu/CdO) films. Figure 8
shows the band edge and energy gap values in relation to the Cu content. The structural distortion
in the CdO films brought on by the substitution of Cu ions for either interstitial or substitutional
Cd ions in the CdO lattice may be the source of the reduction in the optical band gap detected with
increased Cu doping. These Cu ions would slightly raise the energy levels of the CdO band gap in
the direction of the valence band edge, reducing the energy required for the direct transition [23].
Moreover, the Burstein-Moss effect or the sp-d exchange interactions between the localised d
electrons and the band electrons of the Cu" ions that replace Cd** ions may be responsibility for
the detected red shift in the optical band gap value [24, 25]. Subsequently, Cu doping in CdO
films, Saha et al. [26] reported a comparable reduction in the band gap from 2.53 to 2.51 eV.
Doping with rare earth elements has also been connected to a similar decline in the band gap of
CdO [12, 13, 27]. Despite multiple reports of Cu-doped ZnO films, the literature review finds no
evidence of Cu doping in CdO films [28, 29]. Using Cu doping, Wang and Lin [30] saw a drop in
the band gap of ZnO films from 3.31 to 3.16 eV. While having a low relative to other conducting
oxide thin films, CdO is not a typical TCO material. In most anticipated applications, a varied

band gap is theoretically favoured for TCO [31, 32]. Widen £ ;p " thus has a lot of practical

applications. TCO films, for instance, are used in solar cell applications where more performance
is always necessary. As a result, CdO:Cu thin films showed elevated transmission in the higher
intensity and energy portion of the solar spectrum, between 500 and 600 nm [33]. So, in addition
to their improved electrical properties, CdO:Cu films have likely to be used for optical heaters,
photovoltaic solar cells, transparent electrodes, and other optoelectronic devices.
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Fig. 5. Absorbance spectra for CdO:Cu thin films.
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Fig. 7. The dependence of (a.hv)? on hv for the different compositions of CdO:Cu films.
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of CdO:Cu films.

3.3. Electrical characteristics

The van der Pauw arrangement was used for the Hall measurements, which were
conducted at RT. The found negative gradient in the magnetic field against Hall voltage plots
provided evidence that the conducting carriers in all samples were n-type. Fig. 9 depicts the
differences in electrical characteristics as a function of Cu doping concentration. The resistivity of
the produced CdO:Cu thin films reduces when Cu content climbs to 3 at.%, and rises to 4 and 5
weight percent. The carrier concentration of the CdO:Cu thin films, on the other hand, rapidly
increases for the film with 3 at% Cu doping and then drops as the Cu doping concentration is
raised. The interstitial diffusion of Cu®" ions in the CdO lattice may be the cause of the rise in
carrier concentration because they improve the defect state, which can release free electrons into
the conduction band and greatly boost carrier concentration. However, as shown in Fig. 9, the
carrier mobility of the CdO:Cu film dramatically decreases when Cu doping is increased to 4 and 5
at%. When the solubility limit of Cu in CdO is exceeded, extra Cu atoms may occupy interstitial
places because the covalent radius of Cu® (1.17) is smaller than that of Cd*" (1.48). As a result,
the crystal lattice is distorted and grain boundary defects grow, which would impede or scatter
carrier transport. As a result, as the amount of Cu-doping rises, the mobility of an undoped CdO
film approaches a maximum and subsequently decreases. The induced ionised impurity scattering
centres in these films may potentially be responsible for the decrease in mobility at higher dopant
concentrations. According to the current experimental findings, the thin film of 3 at% CdO:Cu has
a low resistivity of 1.73 x 10-4 cm, which is lower than the undoped CdO film's (12 x 10 cm).
Moreover, the films exhibit high carrier concentration, low electrical resistivity, and acceptable
mobility at moderate doping concentrations of 3—4 at% Cu, endowing the CdO:Cu thin films with
outstanding electrical properties. It is shown that transparent conducting oxides (TCO) films based
on CdO frequently exhibit lower resistivity and higher carrier concentration than TCO materials
based on In,0s- [34], ZnO- [35], and SnO»- [36].
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with various Cu incorporation.

4. Conclusions

Using the use of spray pyrolysis, undoped and Cu:CdO: films are successfully deposited
on a glass surface. The structural study reveals a cubic structure that is polycrystalline with highly
(111) peak at 33°. When Cu’®" ions were occupying the interstitial site in CdO, the peak intensity
dropped as a result of Cu incorporation. Change in lattice constant may be caused by the dopant
ion (Cu) having a smaller ionic radius than the host ions (Cd). EDAX study of the morphology
demonstrates the existence of the Cd, O, and Cu components with stoichiometric composition.

According to optical assessments, the absorbance in the UV region is greater than that in
the visible range, and the rise in absorbance with doping concentration may be caused by the
transition of electrons from the valence band to the conduction band. With increasing Cu content,
the band edge of the examined films fell from 2.51 eV (1-Cu/CdO) to 2.28 eV (5-Cu/CdO) films.
Electrical trials revealed that for 4 and 5% Cu-doped films, the resistivity and carrier mobility
decreased and rose by up to 3%, respectively. Also, proper Cu doping enhances the electrical
characteristics of CdO, as evidenced by the fact that the carrier concentration of a CdO film with 3
% Cu doping is about 5 x 10*° times higher than that 2.25 x 10 of an undoped CdO film, while
the resistivity is nearly ten times higher. To increase optical and electrical properties in several
optoelectronic device applications, CdO:Cu thin films have potential utility as TCO materials.
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