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Abstract: This work examines how titanium doping modifies the structural characteristics, surface morphology, and 

optical behavior of nanostructured CdO films fabricated through chemical spray pyrolysis (CSP). Thin films 

of pure CdO and Ti-incorporated CdO (at 2% and 4% doping levels) were successfully fabricated under 

controlled conditions, with precise temperature regulation at 450°C and uniform thickness distribution of 

330±20 nm. XRD characterization revealed that all films exhibited a crystalline structure with predominant 

(111) orientation. The Grain size increased from 14.15 nm (undoped) to 17.83 nm (4% Ti-doped), while

dislocation density and microstrain showed significant reduction, confirming enhanced crystalline perfection

with Ti incorporation. AFM analysis revealed that Ti doping notably altered the surface morphology, reducing

the average grain size by 46% (from 72.74 nm to 39.46 nm) and RMS roughness by 63% (from 8.76 nm to

3.21 nm), leading to enhanced surface uniformity. Optical characterization revealed an inverse relationship

between Ti concentration and light transmittance, with concurrent increases in both absorption coefficient (α)

and extinction coefficient (k). Ti-doped CdO sensors, especially at 4%, showed increased resistance and

sensitivity to NO₂ due to enhanced surface reactivity and electronic modification. With increasing Ti

concentration, CdO sensor sensitivity to NO₂ decreases significantly, dropping across all tested ppm levels

due to reduced surface-to-volume ratio and increased charge carrier recombination.

1 INTRODUCTION 

In the past decade (2014-2024), cadmium oxide 

(CdO) has emerged as a high-performance 

transparent conducting oxide (TCO), attracting 

significant research attention optical transparency 

(exceeding 80% in the visible range) and low 

electrical resistivity (below 10⁻³ Ω·cm). This dual 

functionality makes CdO a promising material for a 

wide range of advanced optoelectronic applications, 

including next-generation photovoltaic devices, ultra-

sensitive gas sensors, and energy-efficient 

optoelectronic systems [1]-[4]. (CdO) is an n-type 

semiconductor, naturally demonstrates n-type 

degenerate semiconducting properties [5], [6]. 

Controlled elemental doping in such metal oxide 

semiconductors serves as an essential mechanism for 

tailoring both optical and electrical properties, 

enabling optimized performance in photovoltaic 

devices [7]. Doping CdO with selected elements (F, 

Mn, Mo, Ti, Sn) enables precise modification of its 

optoelectronic properties. The incorporated dopants 

increase carrier concentration and conductivity, 

resulting in a Burstein-Moss mediated bandgap blue 

shift [8]. This unique combination of high visible-

range transparency (T > 80%) with excellent 

electrical properties (ρ < 10-3 Ω·cm) makes CdO 

particularly valuable for transparent electronics [9]. 

Researchers have developed multiple fabrication 

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

563

mailto:nadirfadhil@uomustansiriyah.edu.iq


techniques for CdO thin films, including solution-

processed sol-gel methods [10], chemical bath 

deposition [11], SILAR [12]-[14], CSP [15]-[17], 

CVD [18], PLD [19], [20], vacuum evaporation [21] 

and magnetron sputtering [22]-[24]. Among various 

thin film deposition methods, spray pyrolysis stands 

out as a cost-effective and straightforward chemical 

approach capable of producing large-area thin 

films [5]. Modern spray pyrolysis techniques enable 

controlled doping of semiconductor thin films, 

allowing accurate incorporation of multiple dopant 

species at predetermined concentrations via 

optimized precursor chemistry [18]. This study aims 

to achieve two main objectives: first, the development 

of CdO films using CSP technique; and second, a 

systematic investigation of the physical properties of 

the entended films. 

2 EXPERIMENTAL 

CdO thin films were fabricated using CSP technique, 

utilizing an aqueous precursor solution prepared by 

dissolving 0.1 M of (CdOCl₂·8H₂O, BDH Chemicals) 

and Oxalic acid (from Merck Chemicals) was 

dissolved in 100 mL of deionized water. The solution 

was thoroughly stirred to ensure complete dissolution 

and uniform distribution of the precursors before the 

deposition process. Titanium doping was achieved 

using 0.1 M titanium(IV) chloride tetrahydrate 

(TiCl₂·4H₂O) as the dopant source, with 

concentrations of 2% and 4% relative to cadmium to 

produce Ti-doped CdO films. During the deposition 

process, the base temperature was consistently 

maintained at 450°C. Through systematic 

optimization, we established the following spray 

parameters: nozzle-to-substrate distance (29 cm), 

spray duration (9 seconds), solution flow rate (5 

mL/min), and spray interval (90 seconds between 

cycles). High-purity nitrogen served as the carrier gas 

during deposition. Film thickness, determined 

gravimetrically, averaged 330 ± 20 nm. The 

crystalline structure and preferred growth orientation 

were analyzed using XRD, with results benchmarked 

against ASTM reference standards. Surface 

morphology analysis including grain size and 

roughness measurements was performed using 

atomic force microscopy (NT-MDT SPM Integra 

AFM). Optical properties were characterized through 

UV-Vis spectroscopy (300-900 nm range) measuring 

both transmittance and absorption spectra with a 

double-beam spectrophotometer. Gas sensitivity is 

typically measured by the percentage change in the 

film's resistance upon gas exposure. The samples 

were tested inside a custom-made cylindrical 

chamber measuring 9 cm in radius and 17 cm in 

height. 

3 RESULTS AND DISCUSSIONS 

The X-ray diffraction (XRD) patterns of pure CdO 

and Ti-doped CdO films (2% and 4%) are presented 

in Figure 1. All samples exhibit four well-defined 

diffraction peaks at 37.38°, 38.47°, 55.57°, and 

66.07°, corresponding to the (111), (200), (220), and 

(311) planes of the cubic CdO crystal structure,

consistent with JCPDS card 05-0640 [25], [26]. The

most intense peak is observed at (111), indicating a

preferred orientation of crystal growth along this

direction and confirming the polycrystalline nature of

the deposited films. In addition, the absence of any

noticeable peak shift with increasing Ti concentration

suggests that Ti incorporation does not alter the

crystal symmetry or induce secondary phases,

indicating successful substitutional doping without

significant lattice distortion [27], [28].

The average crystallite size was estimated using 

Scherrer’s approach [29], [30], where parameters 

such as X-ray wavelength (Cu Kα radiation, 0.15406 

nm), shape factor (0.9 for near-spherical grains), full 

width at half maximum, and Bragg angle were 

considered. The obtained results show that the 

crystallite size increases progressively from 14.15 nm 

for the undoped sample to 17.83 nm for the film 

doped with 4% Ti, corresponding to an overall growth 

of about 26%. This trend suggests that Ti 

incorporation enhances crystal coalescence, reduces 

grain boundary density, and may facilitate 

crystallization during the spray pyrolysis process 

[31], [32]. 

The dislocation density, which reflects the level of 

crystalline defects, was evaluated as described in 

[33], [34]. A clear reduction is observed with doping, 

decreasing from 53.4 × 10¹⁴ lines/m² in the pure CdO 

film to 20.8 × 10¹⁴ lines/m² at 4% Ti concentration, 

which represents a significant reduction of 

approximately 61% [35], [36]. This behavior 

indicates that Ti doping effectively reduces structural 

imperfections, supports more ordered growth, and 

minimizes internal strain within the lattice [37], [38]. 

Lattice microstrain was assessed using the 

Williamson-Hall method [39], [40]. The results 

demonstrate a decrease in microstrain values with 

increasing Ti content, dropping from 26.47 × 10⁻⁴ in 

undoped CdO to 17.35 × 10⁻⁴ for the 4% doped 

sample, corresponding to a reduction of about 34.5% 

[41]. This suggests that Ti incorporation relieves 
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internal stresses, promotes relaxed crystal formation, 

and compensates for native defects within the CdO 

structure [42]. 

Figure 2 summarizes all calculated structural 

parameters, while Table 2 lists the corresponding 

numerical values. Figure 3 presents AFM images of 

both pure and Ti-doped CdO films, showing notable 

changes in surface morphology. The average particle 

size decreases from 72.74 nm for the undoped film to 

50.60 nm at 2% Ti and further to 39.46 nm at 4% Ti, 

indicating a substantial refinement of surface grains 

by nearly 46% with doping. In parallel, surface 

roughness parameters (RMS roughness and average 

roughness) also decrease significantly, confirming a 

smoother and more uniform surface. These 

observations demonstrate that Ti incorporation 

improves microstructural uniformity and enhances 

surface quality [43]. Table 1 summarizes the AFM-

derived parameters of all films. 

Figure 4 displays the optical transmittance spectra 

of the investigated films. The undoped CdO sample 

shows a maximum transparency of about 80% at 550 

nm. With 2% Ti doping, this value decreases to 

approximately 70%, and further reduces to around 

60% at 4% doping, representing an overall reduction 

of roughly 25% in the visible region. This decrease is 

mainly attributed to increased free carrier absorption 

associated with the Drude mechanism and enhanced 

light scattering at grain boundaries [44]. 

Absorbance values were derived from the 

transmittance spectra using the standard logarithmic 

relationship [45], [46]. 

Figure 5 illustrates A spectra of both pure and Ti-

doped CdO thin films. As the titanium doping 

concentration increases, the absorption edge shifts 

from around 300 nm to 500 nm, indicating a red shift 

and corresponding reduction in the band gap. This 

shift is attributed to the incorporation of Ti atoms into 

the CdO lattice, which introduces localized energy 

states near the conduction band and alters the 

electronic structure. Additionally, the absorption 

intensity increases with higher Ti doping levels, 

which can be explained by enhanced free carrier 

concentration, increased defect density, and stronger 

electron-photon interactions, all of which contribute 

to greater light absorption across the UV-visible 

region [47]. 

Figure 1: XRD patterns of the grown films. 

Table 1: PAFM of the deposited films. 

Samples Pav (nm) Ra (nm) RMS (nm) 

Pure CdO 72.74 7.88 8.76 

CdO: 2% Ti 50.60 6.63 4.45 

CdO: 4% Ti 39.46 3.21 3.21 

Table 2: D, Eg, and SP of the deposited films. 

Sample (hkl) Plane 2  (o) FWHM (o) Eg (eV) D (nm) δ (× 1014) (lines/m2) ε × 10-4 

Pure CdO 111 33.38 0.61 2.77 14.15 53.4 26.47 

CdO: 2% Ti 111 33.34 0.56 2.72 16.93 41.9 20.19 

CdO: 4% Ti 111 33.30 0.52 2.68 17.83 20.8 17.35 

Figure 2: SP vs. doping of deposit films. 
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Figure 3: AFM surface morphology of pure and Ti-doped CdO thin films. 

Figure 4: The absorbance spectra of the deposit films. 

Figure 5: T of the deposit films. 

The absorption coefficient (α) was determined 

using a standard logarithmic relation based on the 

measured transmittance data [48], [49], where film 

thickness is taken into account. The obtained values 

of α are in the range of 10⁴ cm⁻¹, indicating strong 

absorption characteristics of the CdO thin films. As 

illustrated in Figure 6, the absorption coefficient 

increases with photon energy, confirming a high 

probability of optical transitions at elevated energies. 

This trend is typical for direct bandgap 

semiconductors, where absorption becomes more 

efficient as photon energy rises. 

In addition, an increase in titanium concentration 

leads to a noticeable enhancement in absorption, 

particularly near the absorption edge. This behavior 

is associated with the formation of localized energy 

states and increased free carrier contributions 

introduced by Ti doping, which modifies the 

electronic structure and strengthens the interaction 

between light and the material [50]. 

The optical bandgap (Eg) was estimated using the 

Tauc method for direct allowed transitions [51], [52], 

as shown in the corresponding analysis. The results in 

Figure 7 demonstrate a gradual decrease in bandgap 

energy with increasing Ti content. Specifically, Eg 

decreases from 2.77 eV for undoped CdO to 2.68 eV 

for the film doped with 4% Ti [53]. This reduction in 

bandgap energy is attributed to the Burstein–Moss 

effect, which arises from changes in carrier 

concentration induced by Ti incorporation. 
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Figure 6: α Vs hν for the prepared films. 

Figure 7: (αhν)2 Vs hν for the prepared films. 

The extinction coefficient (k) was obtained from 

the absorption coefficient using the standard optical 

relation [54], [55]. The calculated values show that k 

decreases with increasing wavelength for all Ti-

doped CdO thin films, as presented in Figure 8. 

Moreover, a clear reduction in k is observed with 

higher Ti concentrations. This trend may be explained 

by the influence of Ti incorporation on the 

microstructure and electronic properties of the films, 

which can reduce free carrier concentration and 

modify light–matter interaction processes, resulting 

in lower absorption and scattering losses [56]. 

The refractive index (n), which depends on 

wavelength, was evaluated using the established 

optical expression that incorporates both reflectance 

and extinction coefficient [57], [58]. The behavior of 

n as a function of wavelength is shown in Figure 9 for 

pure and Ti-doped CdO films. It is evident that the 

refractive index decreases with increasing Ti content 

[59]. This reduction is likely related to structural 

modifications induced by Ti incorporation, such as 

decreased packing density and increased porosity, 

which disrupt the regular crystal arrangement and 

reduce overall optical density. 

Figure 8: k of the grown films. 

Figure 9: n of the enteded films. 

The gas sensing performance was assessed using 

a standard sensitivity definition based on the relative 

change in electrical resistance [60], [61]. The CdO-

based sensors, fabricated on porous silicon substrates 

and coated with pure and Ti-doped (2% and 4%) CdO 

films, were tested for NO₂ detection at 240 ppm and 

an operating temperature of 90 °C. Figure 10 presents 

the time-dependent resistance response of the sensors. 

Upon exposure to NO₂, surface oxidation processes 

occur, where adsorbed oxygen species release trapped 

electrons back into the conduction band, leading to an 

increase in resistance due to enhanced grain boundary 

potential barriers [62], [63]. Among all samples, the 

film doped with 4% Ti exhibits the highest resistance 

response, indicating improved sensing activity, which 

can be attributed to enhanced surface reactivity and 

electronic modifications caused by Ti incorpora- 

tion [64]. 
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Figure 10: Resistance via time for the deposit films. 

Figure 11: sensitivity (S) as a function of operating time for 

of Pure CdO and CdO: % Ti thin film. 

The sensitivity results, shown in Figure 11, further 

demonstrate the influence of Ti doping on NO₂ 

detection performance. A gradual decrease in 

sensitivity is observed with increasing Ti content, 

which is mainly related to charge carrier 

recombination effects and reduced active surface 

area. Specifically, the sensitivity decreases from 

32.6% to 17.8% at 80 ppm, from 33.3% to 18.86% at 

160 ppm, and from 34.1% to 20.0% at 240 ppm for 

pure, 2% Ti-doped, and 4% Ti-doped CdO films, 

respectively [65]. This reduction is attributed to the 

decrease in surface-to-volume ratio caused by higher 

Ti doping levels, which limits the number of available 

active sites for gas adsorption and consequently 

weakens the overall sensor response [66]. 

4 CONCLUSIONS 

This systematic study demonstrated titanium doping's 

significant influence on CdO:2% and CdO: 4% Ti 

thin films, successfully modifying their structural, 

morphological, and optical characteristics through 

controlled Ti incorporation. XRS analysis confirmed 

the polycrystalline structure of all deposited films, 

exhibiting a preferred (111). Ti doping increased 

crystallite size from 14.15 nm (pure CdO) to 17.83 

nm (4% Ti-doped CdO), while reducing dislocation 

density and strain, indicating improved crystallinity. 

AFM revealed that Ti doping refined grain size (from 

72.74 nm to 39.46 nm) and reduced surface roughness 

(from 8.76 nm to 3.21 nm). The optical bandgap (Eg) 

decreased from 2.77 eV (pure CdO) to 2.68 eV (4% 

Ti-doped CdO). Transmittance decreased with higher 

Ti concentrations, while absorption coefficient and 

extinction coefficient increased. The refractive index 

exhibited a declining trend with Ti doping. The Ti-

doped CdO gas sensor showed increased resistance 

and enhanced sensitivity to NO₂ (240 ppm) at 90 °C, 

especially at 4% Ti doping. Increasing Ti 

concentration reduces sensitivity for CdO due to 

enhanced charge carrier recombination and fewer 

active surface sites, lowering the sensor's NO₂ 

adsorption and response. 

ACKNOWLEDGMENTS 

This research was supported by Mustansiriyah 

University (www.uomustansiriyah.edu.iq) through its 

academic research program. 

REFERENCES 

[1] T.K. Subramanyam, S. Uthanna, and B. Srinivasulu
Naidu, "Title of the Article," Appl. Surf. Sci., vol. 169,
pp. 529-534, 2001.

[2] Aksoy, Seval, Caglar, Yasemin, Ilican, Saliha, and
Caglar, Mujdat, "Effect of heat treatment on physical
properties of CdO films deposited by sol-gel method,"
Int. J. Hydrogen Energy, vol. 34, pp. 5191-5195, 2009.

[3] D.C. Renolds, D.C. Look, and B. Jogai, "Optically
pumped ultraviolet lasing from CdO," Solid State
Comm., vol. 99, no. 11, pp. 873-875, 1996.

[4] F.P. Koffyberg, "Diffusion of donors in
semiconducting CdO," Solid State Common., vol. 9,
no. 24, pp. 2187-2189, 1971.

[5] V. Radhika and V. Annamalai, "Antibacterial
Application of Undoped and Doped CdO 
Nanocrystalline Thin Films," J. Environ.
Nanotechnol., vol. 8, no. 2, pp. 1-10, 2019. 

[6] C.H. Bhosale, A.V. Kambale, A.V. Kokate, and
K.Y. Rajpure, "Structural, optical and electrical
properties of chemically sprayed CdO thin films,"
Mater. Sci. Eng. B, vol. 122, no. 1, pp. 67-71, Aug.
2005.

[7] B. Saha, R. Thapa, and K.K. Chattopadhyay, "Wide
range tuning of electrical conductivity of RF sputtered
CdO thin films through oxygen partial pressure
variation," Solar Energy Mater. Solar Cells, vol. 92,
no. 9, pp. 1077-1080, 2008.

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

568



[8] L.R. de León-Gutiérrez, J.J. CayenteRomero,
J.M. Peza-Tapia, E. BarreraCalva, J.C. Martínez-
Flores, and M. OrtegaLópez, "Some physical
properties of Sn-doped CdO thin films prepared by
chemical bath deposition," Mater. Lett., vol. 60,
no. 29-30, pp. 3866-3870, 2006.

[9] G. Kaaviya, P. Monisha, S.S. Gomathi, and
K. Pushpanathan, "Effect of Mn Doping on the
Structural, Optical and Antibacterial Properties of
CdO Nanoparticles," vol. 6, no. 3, 2019.

[10] A.W. Metz, J.R. Ireland, J.G. Zheng, R.P.S.M. Lobo,
Y. Yangm, J. Li, C.L. Stern, V.P. Dravid,
N. Bontemps, C.R. Kannewurf, K.R. Poeppelmeier,
and T.J. Marks, J. Am. Chem. Soc., vol. 126, pp. 8477-
8492, 2004.

[11] F. Yakuphanoglu, "Preparation of nanostructure Ni
doped CdO thin films by sol gel spin coating method,"
J Sol-Gel Sci Technol, vol. 59, pp. 569-573, 2011.

[12] O. Gomezdaza, A. Arias-Carbajal Readigos,
J. Campos, M.T.S. Nair, and P.K. Nair, "Substrate
spacing and thin - film yield in chemical bath
deposition of semiconductor thin films," Semicond.
Sci. Technol., vol. 15, no. 11, pp. 1022-1029, 2000.

[13] B. Sahin, Y. Gulen, F. Bayansal, H.A. Cetinkara, and
H.S. Guder, "Structural and optical properties of Ba-
doped CdO films prepared by SILAR method,"
Superlattices and Microstructures, vol. 65, pp. 56-63,
2014.

[14] Murugesan Rajini, Marimuthu Karunakaran, and
Kasinathan Kasirajan, "An Investigation of SILAR
Grown CdO Thin Films," Materials Science-Poland,
vol. 37, no. 1, pp. 25-32, 2019.

[15] Harun Güney and Demet İskenderoğlu, "The effect of
Zn doping on CdO thin films grown by SILAR method
at room temperature," Physica B: Condensed Matter,
vol. 552, pp. 119-123, 2019.

[16] K. Gurumurugan, D. Mangalraj, and 
S.K. Narayanandas, "Correlations between the optical 
and electrical properties of CdO thin films deposited 
by spray pyrolysis," Thin Solid Films, vol. 251, no. 1, 
pp. 7-9, 1994. 

[17] R. Kumaravel, K. Ramamurthi, and 
V. Krishnakumarm, "Effect of Indium doping in CdO
thin films prepared by spray pyrolysis technique,"
Journal of Physics and Chemistry of Solids, vol. 71,
no. 11, pp. 1545-1549, 2010.

[18] R.L. Mishra, A.K. Sharma, and S.G. Prakash, "Gas
sensitivity and characterization of cadmium oxide
semiconducting thin film deposited by spray pyrolysis
technique," Digest Journal of Nanomaterials and
Biostructures, vol. 4, no. 3, pp. 511-518, 2009.

[19] Zhao Z., D.L. Morel, and C.S. Ferekides, "Electrical
and optical properties of tin-doped CdO films
deposited by atmospheric metalorganic chemical
vapor deposition," Thin Solid Films, vol. 413, no. 1-2,
pp. 203-211, 2002.

[20] R.K. Gupta, K. Ghosh, R. Patel, and P.K. Kahol,
"Highly conducting and transparent Ti-doped CdO
films by pulsed laser deposition," Appl. Surf. Sci., vol.
255, no. 13-14, pp. 6252-6255, 2009.

[21] Q. Zhou, Z. Ji, B.B. Hu, C. Chen, L. Zhao, and
C. Wang, "Low resistivity transparent conducting
CdO thin films deposited by DC reactive magnetron
sputtering at room temperature," Mater. Lett., vol. 61,
no. 2, pp. 531-534, 2007.

[22] A.A. Dakhel and F.Z. Henari, "Optical 
characterization of thermally evaporated thin CdO 
films," Cryst. Res. Technol., vol. 38, no. 11, pp. 979-
985, 2003. 

[23] K.Z. Yahya and M. Adel, "Influence of substrate
temperature on structure and optical properties of CdO
thin films prepared by pulsed laser deposition," Eng.
Tech. J., vol. 30, no. 3, pp. 416-425, 2012.

[24] M.D. Uplane, P.N. Kshirsagan, B.J. Lokhande, and
C.H. Bhosale, "Characteristic analysis of spray
deposited Cadmium oxide thin films," Materials
Chemistry and Physics, vol. 64, no. 1, pp. 75-78, 2000.

[25] Nicholas O. Ongwen, Andrew O. Oduor, and Elijah O.
Ayieta, "Effect Of Deposition Temperature On The
optical Properties Of Iron Doped Cadmium Stannate
Thin Films Deposited By Spray Pyrolysis," IJSTRE,
vol. 4, no. 3, 2019.

[26] I.S. Yahia, G.F. Salem, M.S. Abd El-sadek, and
F. Yakuphanoglu, "Optical properties of Al-CdO
nano-clusters thin films by sol-gel spin coating
method," Superlattices and Microstructures, vol. 64,
pp. 178-184, 2013.

[27] G. Olcay, A. Ferhunde, and A. Idris, "The optical,
electrical and surface properties for annealed CdO
films deposited by ultrasonic spray pyrolysis," SAU J.
Sci., vol. 17, no. 3, pp. 295-300, 2013.

[28] A. Abdolahzadeh and F.E. Ghodsi, "Optical and
structural studies of Sol-gel deposited nanostructured
CdO thin films: Annealing effect," Acta Physica
Polonica, vol. 120, no. 3, pp. 536-540, 2011.

[29] M.K. Khan, M. Azizar Rahman, M. Shahjahan,
M. Mozibur Rahman, M.A. Hakim, Dilip Kumar Saha,
and Jasim Uddin Khan, "Effect of Al-doping on
optical and electrical properties of spray pyrolytic
nano-crystalline CdO thin films," Current Applied
Physics, vol. 10, no. 3, pp. 790-796, 2010.

[30] S. Jin, Y. Yang, J.E. Medvedeva, J.R. Ireland,
A.W. Metz, J. Ni, C.R. Kannewurf, A.J. Freeman, and
T.J. Marks, J. Am. Chem. Soc., vol. 126, pp. 13787-
13793, 2004.

[31] R.S. Ali, N.A.H. Al Aaraji, E.H. Hadi, K.H. Abass,
N.F. Habubi, and S.S. Chiad, "Effect of Lithium on
Structural and Optical Properties of Nanostructured
CuS Thin," Journal of Nanostructures, vol. 10, no. 4,
pp. 810-816, 2020.

[32] R.S. Mane, H.M. Pathan, C.D. Lokhande, and
S.H. Han, "An effective use of Nanocrystalline CdO
thin films in dye-sensitized solar cells," Solar Energy,
vol. 80, no. 2, pp. 185-190, 2006.

[33] P. Sinatirajah, "Formation of CdO films from
chemically deposited Cd(OH)2 films as a precursor,"
Applied Surface Science, vol. 254, no. 13, pp. 3813-
3818, 2008.

[34] K. Senthil, Y. Tak, M. Soel, and K. Yong, "Synthesis
and Characterization of ZnO Nanowire-CdO
Composite Nanostructures," J. Nanoscale Res. Lett.,
vol. 4, pp. 1329-1334, 2009.

[35] H.S. Al-Rikabi, M.H. Al-Timimi, and W.H. Albanda,
"Morphological and optical properties of MgO1-
xZnSx thin films," Digest Journal of Nanomaterials
and Biostructures, vol. 17, no. 3, pp. 889-897, 2022.

[36] G. Anil Kumar et al., "Structural and Optical
Properties of CdO Thin Films Deposited by RF
Magnetron Sputtering Technique," in AIP Conf. Proc.,
vol. 1591, pp. 1009, 2014.

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

569



 

[37] Selma Mohammed H. Al-Jawad and Hadia Kadhim, 
"Investigation of optical and electrical properties of 
chemically deposited nano-crystalline CdO thin film," 
College of Education Journal, vol. 17, no. 68, pp. 75, 
2011. 

[38] Z. Serbetci, B. Gunduz, A. Al-Ghamdi, F. Al-Hazmic, 
K. Ark, and F. El-Tantawy, "Determination of optical 
constants of nanocluster CdO thin films deposited by 
solgel technique," Acta Phys. Polonica A, vol. 126, 
2014. 

[39] Fekadu Gashaw Hone and Tizazu Abza, "Short 
Review of Factors Affecting Chemical Bath 
Deposition Method for Metal Chalcogenide Thin 
Films," Int. J. Thin. Fil. Sci. Tec., vol. 8, no. 2, pp. 43-
52, 2019. 

[40] R.S. de Biasi and M.L.N. Grillo, "Measurement of 
small concentrations of manganese in cadmium oxide 
(CdO) using electron magnetic resonance," Ceramics 
International, vol. 39, no. 2, pp. 2171-2173, 2013. 

[41] B.A. Bader, S.K. Muhammad, A.M. Jabbar,  
K.H. Abass, S.S. Chiad, and N.F. Habubi, "Synthesis 
and Characterization of Indium-doped CdO 
Nanostructured Thin Films: a Study on Optical, 
Morphological, and Structural Properties," J. 
Nanostruct., vol. 10, no. 4, pp. 744-750, 2020. 

[42] Samir A. Maki, Alia A.A. Shehab, and Ayad A. Salih, 
"The Optical Properties of Aluminum Doped CdO 
Thin Films Prepared by Vacuum Thermal Evaporation 
Technique," The College of Education Ibn Al-
Haitham Journal for Pure & Appl. Sci., vol. 27, no. 3, 
pp. 279, 2014. 

[43] M. Karunakaran, S. Maheswari, K. Kasirajan, and  
S. Dineshraj, "Physical Properties of Nanocrystalline 
Tin Oxide Thin Film by Chemical Spray Pyrolysis 
Method," IJRASET, vol. 4, no. 8, pp. 691-695, 2016. 

[44] Waheed S. Khan, Chuanbao, Faheem K. Butt, Zahid 
Usman, Ghulam Nabi, Ayesha Ihsan, Asma Rehman, 
Irshad Hussain, and Tanveer M., "Hydrogen Storage 
and PL Properties of Novel Cd/CdO Shelled Hollow 
Microspheres Prepared under NH3 Gas Environment," 
Int. J. Hydro. Energy, vol. 38, no. 5, pp. 2332-2336, 
2013. 

[45] R.S. Ningthoujam, V. Sudarsan, and  
S.K. Kulshreshtha, "SnO2: Eu Nanoparticles 
Dispersed in Silica: A Low Temperature Synthesis and 
Photoluminescence Study," J. Lumin., vol. 127, no. 2, 
pp. 747-756, 2007. 

[46] A.J. Ghazai, O.M. Abdulmunem, K.Y. Qader,  
S.S. Chiad, and N.F. Habubi, "Investigation of some 
physical properties of Mn doped ZnS nano thin films," 
in AIP Conf. Proc., vol. 2213, no. 1, pp. 020101, 2020. 

[47] V. Bilgin, S. Kose, F. Atay, and I. Akyuz, "The Effect 
of Substrate Temperature on the Structural and Some 
Physical Properties of Ultrasonically Sprayed CdS 
Films," Mater. Chem. Phys., vol. 94, no. 1, pp. 103-
108, 2005. 

[48] S.S. Chiad, N.F. Habubi, W.H. Abass, and  
M.H. Abdul-Allah, "Effect of thickness on the optical 
and dispersion parameters of Cd0.4Se0.6 thin films," 
Journal of Optoelectronics and Advanced Materials, 
vol. 18, no. 9-10, pp. 822-826, 2016. 

[49] Mahdi H. Suhail, Issam M. Ibrahim, and  
G. Mohan Rao, "Characterization and gas sensitivity 
of cadmium oxide thin films prepared by thermal 
evaporation technique," Int. J. Thin Film Sci. Tec.,  
vol. 1, no. 1, pp. 1, 2012. 

[50] J. Santos-Cruz, G. Torres-Delgado, and  
R. Castanedo-Perez, "Dependence of electrical and 
optical properties of sol-gel prepared undoped 
cadmium oxide thin films on annealing temperature," 
Thin Solid Films, vol. 493, no. 1-2, pp. 83, 2005. 

[51] A. Ghazai, K. Qader, N.F. Habubi, S.S. Chiad, and  
O. Abdulmunem, "Structural and optical performance 
of the doped ZnO Nano-thin films by (CSP)," in IOP 
Conf. Ser.: Mater. Sci. Eng., vol. 870, no. 1, 2020. 

[52] M.B. Jumaa, T.H. Mubaraka, and A.M. Mohammad, 
"Synthesis and Characterization of Spinel Ferrite 
Co0.8Fe2.2O4 Nanoparticle," Journal of University of 
Anbar for Pure Science, vol. 15, no. 2, pp. 74-82, 2021. 

[53] D.M. Galica, R.C. Perez, O.J. Sandoval,  
S.J.S. Sandoval, and C.I.Z. Romero, "High 
Transmittance CdO Thin Films Obtained by the Sol-
Gel Method," Thin Solid Film, vol. 371, no. 1-2,  
pp. 105-108, 2000. 

[54] O.M. Abdulmunem, A.M. Jabbar, S.K. Muhammad, 
M.O. Dawood, S.S. Chiad, and N.F. Habubi, 
"Investigation of Co-doped Cu2O thin films on the 
structural, optical and morphology by SPT," in J. 
Phys.: Conf. Ser., vol. 1660, no. 1, 2020. 

[55] M. Karunakaran, K. Rubanancy, M. Rajini,  
G. Kavitha, and R. Chandramohan, "Influence of 
Dipping Cycle on Physical Properties of 
Nanocrystalline CdO Thin Films Prepared by SILAR 
Method," Int. J. Chem. Tech. Res., vol. 2, no. 1,  
pp. 84-89, 2016. 

[56] M. Mummoorthi, N. Anandhan, T. Marimuthu,  
G. Ravi, and T. Suganya, "An Effect of Supporting 
Electrolyte Based CdO Polycrystalline Thin Film 
Prepared by Electrodeposition Method," Int. Journal 
of ChemTech Research, vol. 6, no. 13, pp. 5304-5308, 
2014. 

[57] B.A. Ibrahem, A.M.A. Karim, and T.H. Mubarak, 
"Study of the effect of cobalt on the structural 
properties of nickel ferrite prepared by chemical co-
precipitation thermal method," Materials Today 
Proceedings, 2023. 

[58] M.A. Barote, "Optical and Electrical Properties of 
Spray Deposited CdO Thin Films Effect of Substrate 
Temperature," vol. 2, pp. 2277, 2013. 

[59] Douaa Sulayman Jbaier, "Physical Properties of CdO 
Thin Films Prepared by Spray Pyrolysis Technique," 
Eng. & Tech Journal part (B) Scientific, vol. 31, no. 2, 
pp. 185, 2013. 

[60] A.R. Balu, V.S. Nagarethinam, M. Suganya,  
N. Arunkumar, and G. Selvan, "Effect of the Solution 
Concentration on the Structural, Optical and Electrical 
Properties of SILAR Deposited CdO Thin Films," 
Journal of Electron Devices, vol. 12, pp. 739-749, 
2012. 

[61] K. Gurumurugan, D. Mangalaraj, S.K. Narayandass, 
and C. Balsubramanian, "Structural, Optical, and 
Electrical Properties of Cadmium Oxide Films 
Deposited by Spray Pyrolysis," Phys. Stat. Sol.,  
vol. 143, no. 1, pp. 85-91, 1994. 

[62] B. Hymavathi, B. Rajesh Kumar, and T. Subba Rao, 
"Temperature Dependent Structural and Optical 
Properties of Nanostructured Cr Doped CdO Thin 
Films Prepared by DC Reactive Magnetron 
Sputtering," Procedia Materials Science, vol. 6,  
pp. 1668-1673, 2014. 

 

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

570



[63] T. Subramaniyam, B. Krishna, S. Uthanna, B. Naidu,
and P. Reddy, "Influence of Oxygen Pressure on the
Physical Properties of dc Magnetron Reactive
Sputtered Cadmium Oxide Films," Vacuum, vol. 48,
no. 6, pp. 565-569, 1997.

[64] R. Salunkhe, D. Dhawale, T. Gujar, and C. Lokhande,
"Structural, Electrical and Optical Studies of SILAR
Deposited Cadmium Oxide Thin Films: Annealing
Effect," Mater. Res. Bull., vol. 44, no. 2, pp. 364-368,
2009.

[65] B. Gokul, P. Matheswaran, and R. Sathyamoorthy,
"Influence of Annealing on Physical Properties of
CdO Thin Films Prepared by SILAR Method," J.
Mater. Sci. Technol., vol. 29, no. 1, pp. 17-21, 2013.

[66] M. Mahaboob Beevi, M. Anusuyab, and 
V. Saravananc, "Characterization of CdO Thin Films
Prepared by SILAR Deposition Technique," Int. J.
Chem Eng Appl., vol. 1, no. 2, pp. 151-154, 2010.

Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

571




