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Cadmium oxide (CdO) thin films are synthesized by the chemical spray
pyrolysis method on glass. The thin-film substrates are prepared at vary-
ing temperatures: 400°C, 450°C, 5600°C. The samples are examined using a
double beam spectrometer UV—Vis; the absorbance and reflectance spectra
of the produced films are measured over a range of wavelengths 310-910
nm in order to study the optical properties of these films. As discovered,
the absorbance varies with wavelength. Specifically, we observe that the
absorbance behaves in the opposite direction of the transmittance, peaking
at 350 nm, after which the absorbance spectrum starts to decay exponen-
tially until the absorbance hits its lowest value at the 700 nm wavelength.
The results reveal absorbance spectrum achieving its maximum value at
400°C and lowest value at 500°C. As also observed, the value of the spec-
trum remains consistent within the range of 700-910 nm; the evaluated
energy band gap increases from 2.33 eV to 2.41 eV with the increase of
substrate temperature. Furthermore, the results for the optical constants
such as the refractive index, extinction coefficient, and absorption coeffi-
cient decrease with substrate temperature.

Touki maiBkmu oxcuny Kammiro (CdO) Oysio cMHTE30BAHO METOJOM XeMiduHOI
PO3IIOPOIITYBAJILHOI CTPYMUHHOI miposidu Ha ckJi. ToOHKOILIIBKOBI mimkJa-
IUHKKU OyJao migroromyieHo 3a pisuumx Temmepatyp: 400°C, 450°C, 500°C.
3pa3ku OyJI0 JOCHiAKeHO 3a [JOomoMOrol aBompomeHeBoro UV-—Vis-
CIIEKTPOMETpAa; CIEeKTPH BOMpaAHHSA Ta BiOMBAHHA OAEPKAHUX ILIIBOK OyJIO
BUMIipSAHO B AiAmasoHi moB:KuH XBuab 310—-910 HM 3aa7a BUBUEHHS OINTHUY-
HUX BJIACTHUBOCTEH IUX ILIiBOK. ByJ0 BUABJIEHO, IO BOMPaHHA 3MiHIOETHCS
3 MOBYKMHOIO XBUJi. 30KpeMa, MU CIIOCTEPiraeMo, I1T0 BOMPAHHSA MOBOAUTHCA
IPOTUJICKHUM UHHOM IIOJ0 IIPONYCKAHHS, AocAraoum miky npu 350 HM,
micJasg YOro cliexTep BOMpPAHHSA IIOYMHAE EKCIOHEHI[IHO cIagaTh, TOKU
BOUpAHHA He MOCATHE CBOr0 HAWHUIKYOrO 3HAUEHHS 34 MOBXKHUHU XBUJL Yy
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700 M. PesynbTaTi moxasajiu, IO CIIeKTep BOMpPAHHSA AOCAT CBOTO MAKCH-
masbHOrO 3HaueHHA mpu 400°C, a mHaitHM:kdyoro 3HaueHHsa — nupu 500°C;
TaKo:K OyJI0 BilsHAUEHO, IO 3HAUEHHA CIIEKTPY BaJIUINAETHCA CTA0iIBHUM Y
miamasoni 700—910 um, a ollimeHa HMIMpUHA 3a00pPOHEHOI 30HU 361iJIBLITYETHCA
3 2,33 eB mo 2,41 eB 3i 36igbIlleHHAM TeMIepaTypu HOigxkJIagmHKu. Kpim
TOr0, Pe3yJbTATH CTOCOBHO ONTHUYHUX KOHCTAHT, TAKMUX AK MOKA3HUK 3aJI0-
MJIeHHSA, KoedillieHT eKCTHHKIIII Ta KoedilieHT BOMpaHHSA, 3MEHIIIYIOThCA 3
TEeMIEepaTypoIo MiTKJIaTUHKH.

Key words: cadmium oxide, chemical spray pyrolysis, energy gap, absorb-
ance spectrum.

Karouosi croBa: oxcux Kammiro, xemiuma posmopolnlyBajbHA CTPYMUHHA
mipoJiza, 3a60poHeHa eHepreTUYHA 30HA, CIIEKTEeD BOMpPAHHS.
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1. INTRODUCTION

Recent years have seen a significant increase in interest in trans-
parent conducting oxides (TCO) thin films due to their distinct
chemical and physical characteristics that set them apart from bulk
materials and individual atoms. Because of its uses in optoelectronic
devices like solar cells, phototransistors and diodes, transparent
electrodes, and gas sensors, researchers have turned their attention
to cadmium oxide (CdO) in recent years [1].

Large energy band gaps (bulk CdO is an n-type broad band gap
semiconductor with a direct band gap of 2.3 eV and an indirect
band gap of 1.36 eV), a high transmission coefficient in the visible
spectral domain, and remarkable luminescence characteristics are
just a few of the materials’ many appealing qualities that make CdO
thin films appealing.

Over the past decade, numerous techniques have been employed
to prepare CdO thin films, including spray pyrolysis [2], oxidation
of cadmium films [3], metal organic chemical vapour deposition
(MOCVD) [4], sol—gel [5], sputtering [6], vacuum evaporation [7],
and reactive pulsed laser deposition [8]. These techniques have all
been studied for their electrical and optical properties. It was
demonstrated through experimentation that these characteristics
are highly dependent on the deposition circumstances and film
structure. The size and form of the particles, in addition to devia-
tions from the ideal CdO stoichiometry, determine the intensity of
the optical and electrical effects of CdO.

The primary impacts of UV irradiation on thin films are altera-
tions in their thickness, chemical composition, and structure, which
result in changes to their electrical and optical properties, accord-
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ing to several recent researches [9-12]. When silicon oxide thin
films were exposed to airborne UV light, Bradford et al. [11, 12]
noticed changes in the films’ optical characteristics and explained
these changes as the result of an increase in oxygen molecules or
atoms in the deposited films. Electrons are excited by UV light and
move from the valence to the conduction band, creating holes in the
process. Redox interactions with the surface species can be started
by the photogenerated electron—hole pairs that move to its surface
[10, 13, 14]. When TiO, films are subjected to UV irradiation, two
distinct and independent processes take place, according to Fernan-
dez—Rodriguez et al. [10]: changes in the contact angle. These alter-
ations mostly impact the film surfaces, and the majority of the ma-
terial is probably going to undergo oxygen incorporation and rear-
rangement. We are curious as to whether these changes brought
about by UV irradiation might also have an impact on its other
characteristics. This research aims to examine how UV irradiation
affects the optical characteristics and structure of CdO thin films.

CdO films can be grown using a variety of methods, including
thermal evaporation [5], sputtering [6], pulsed laser deposition [7],
molecular beam epitaxy [8], spray pyrolysis [4], and metal organic
chemical vapour deposition (MOCVD) [9, 10]. However, despite its
great promise, the formation of films thinner than 100 nm of this
material has not been well studied, that is, to the best of our
knowledge, and no results have been found in the literature as of
yet. The paucity of reports may be explained by the challenges in
regulating the growth parameters to promote lateral development
when growing into substrates [11], where flat surfaces with varying
growth rates are essential.

However, because of their unique nucleation characteristics and
the lack of a substantial number of nucleation sites on the sub-
strate, some research on the growth of this material reveals the
challenges in obtaining high densities of isolated nanoparticles of
CdO on substrates [12]. Some growth restrictions on flat thin layers
with good crystalline quality may also stem from this challenge.

2. EXPERIMENTAL DETAILS
2.1. Sample Preparation

The process of preparing CdO solution is done using cadmium acetate
[(CH;CO0),Cd,H,0] [M.W. =266.53 gm/m]. It is a white powder of
American origin provided by (SIGMA CHEMICAL CO). To prepare a
solution with a concentration of 0.1 M at room temperature,
2.6653 gm is dissolved using a sensitive four-level electronic balance
of cadmium acetate to be dissolved in 100 mL of distilled water and the
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Fig. 1. Experimental setup of the spray pyrolysis technique.

two materials are mixed well using a magnetic stirrer at a temperature
of 40°C for 10 min to ensure the homogeneity of the solution, which
results in a colourless solution like water. Then, the solution is filtered
through filter paper to obtain a clear solution without any sediments
or possible impurities. Square glass slides with dimensions of 2.5 cm
and an area of 6.25 cm? are used, where they are cleaned well in three
stages to ensure obtaining completely clean slides. These three stages
begin by cleaning them using running water with soap solution for
3 min to remove traditional dirt, then immersing them in acetone and
placing them in the ultrasonic device for 15 min, and finally washing
them with distilled water and then drying them using hot air for
120 sec.

The prepared substrates are placed on the surface of an electric
heater to obtain the required temperature as shown in Fig. 1. The
deposition time is set at 10 sec at a rate of 20 sprays with a 3 min
pause between each two sprays. The vertical distance between the
nozzle of the spray device and the glass substrate is 30 cm and the
temperature of the substrates is fixed at 400, 450, and 500°C and a
total of 20 sprays for each temperature. The air pressure is set at 2
bars. The details of the spraying process are mentioned in Table.

3. RESULTS AND DISCUSSIONS
3.1. The Optical Absorption Analysis

The interaction of light with CdO thin films was studied to learn
more about the optical properties. We used UV-Vis spectroscopy
(Shimadzu UV-1800) to characterize the optical properties of CdO
thin films at a scanning rate of 400 nm/min and the absorption
spectra were obtained from 190-1100 nm). When light interacts
with the thin film, an optical absorption process occurs against the
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TABLE. Parameters for the spray deposition of the films.

Spray parameters Optimum value/item
(CH;CO00),Cd,H,0 solution concentration 0.1 M
Nozzle Glass
Nozzle—substrate distance 30 cm
Solvent Distilled water
Carrier gas Compressed air
Pressure 2 bar
Solution flowrate 5 mL/min
Substrate temperature 400, 450, 500°C
0.8 .
CdO
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Fig. 2. UV-Vis absorbance curves of CdO films as a function of substrate
temperature.

wavelength spectra of the thin films deposited at different tempera-
tures of the glass substrates on which they were deposited. Figure 2
shows a decrease in absorption with increasing temperature. The
spectra also showed a clear decrease in absorption at long wave-
lengths, indicating the presence of direct optical transition in the
thin films, as well as a shift to red with increasing temperatures of
the glass substrates. High temperatures can affect structural prop-
erties such as crystallinity, grain size, and defect density, which in
turn affect the optical behaviour of the material.

The surface plasmon resonance (SPR) peak of CdO thin films on
glass was observed at 350 nm. The peak shape is due to the light scat-
tering caused by the CdO thin films and the peak position due to the
absence of agglomeration in the nanoparticles deposited on the glass
and the interactions between CdO particles and different substrates. It
is worth noting that the UV—Vis spectrum of CdO nanoparticles on
glass substrate shows only the SPR peak corresponding to the in-plane
dipole. Crystallization is enhanced at higher temperatures during the
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growth of the thin film better, the density of defects such as grains and
dislocations decreases and, as a result, the light absorption by these
defects decreases. This in turn leads to a decrease in the overall absorp-
tion. Higher temperatures can also facilitate the growth of smoother
film surfaces by enhancing the mobility and diffusion of nanoparticles
on the surface. Reducing the surface roughness reduces light scatter-
ing and increases the light transmission through the film. This also
leads to a decrease in absorption. The colour of the CdO film changes
from light brown to dark brown with increasing temperature of the
glass substrates.

The incident photon energy as well as the properties of the mate-
rial itself have an impact on a materials’ absorption coefficient. Ac-
cording to Beer’s law, the transmission (T) and reflection (R) spec-
tra are related to the absorption coefficient [12]:

1 (1-R) 1-R)’
OL_dlog 2T +«/2T2+R2}’ W)

where d is the thickness of the sample. The absorption coefficient (o) at
the wavelength of maximum absorption decreases with the increased
substrate temperatures of CdO thin films as shown in Fig. 3.

An important factor affecting a materials’ optical and electronic
properties is the optical band gap E;Pt' . The optical band gap of the
CdO thin films was determined using the Tauc plot and calculated
by fitting the equation to the data of Ref. [13]:

(ahv)"? = k(hv - EX"), (2)

Cdo

50 450 550 650 750 850
Wavelength, nm

Absorption coefficient, a-10%, em™
WS = R W B B e

Fig. 3. Absorption coefficient of CdO thin films as a function of wave-
length with difference substrate temperatures.
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where r is a number that indicates the type of electronic transition
that causes the absorption and takes values of 1/2 or 2/3 for direct
transitions and 2 or 3 for indirect ones, depending on whether the
transition is allowed or forbidden, respectively. hv is the photon en-
ergy; o is the absorption coefficient, and B is a constant of effec-
tive mass. Figure 4 presents the optical energy gap increasing with
increasing substrate temperatures.

The refractive index (n) describes how a beam propagates through
a transparent medium. The optical parameters of the samples can be
used to determine the refractive index using the following relation-
ship [14]:

(3)

(1+Rj+ 41%2_K2
1-R) \1-R)

Reflectivity (R) is calculated from absorption and transmission
spectra using the law of conservation of energy [R=1—- T — A]. On the
other hand, the extinction coefficient (K) depends on the absorption
coefficient and wavelength of the incident beam and is given by [15]

oA
K=—. 4
ym (4)
The refractive index and the extinction coefficient against wave-
length are given in Eq. (3) and Eq. (4). It can be seen that n and K
of CdO thin films decreases with increasing substrate temperatures,
and, in the visible region, when thin films are deposited onto a sub-

—— T = 400°C, E”= 2.33 eV
—— T = 450°C, E)'= 2.37 eV
—— T = 500°C, EV= 2.41 eV
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Fig. 4. Optical band gap values for prepared CdO thin films for different
substrate temperatures.
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Fig. 5. Refractive index (a) and extinction coefficient (b) as a function of
wavelength for CdO thin films for different substrate temperature.

strate at higher temperatures, they tend to have improved crystal-
linity and reduced defects. In the case of CdO thin films, increasing
the substrate temperature can lead to better crystallization and
larger grain sizes, which can result in reduced light scattering and
absorption. This, in turn, leads to a decrease in both the refractive
index and extinction coefficient as displayed in Fig. 5.

The complex dielectric constant caused by photon interactions
with medium charges is commonly referred to as polarization. Us-
ing Maxwell’s relations, evaluation the real (g,) and imaginary (g,
parts of the dielectric constant can be calculated for optical wave-
lengths based on optical constants. The refractive index and extinc-
tion coefficient are connected to the real and imaginary of the die-
lectric constant through the following relationships [16]:

e, =n?-K? g =2nK. (5)

The real and imaginary dielectric constants of CdO thin films de-
crease with increasing substrate temperatures and in the visible region
as are plotted in Fig. 6. Nanoparticles size in CdO thin films can be af-
fected by increasing the substrate temperature. The materials’ dielec-
tric properties are impacted by changes in bandgap and carrier concen-
tration, as, especially in the visible range. Consequently, the real and
imaginary dielectric constants decrease.

The optical conductivity CdO thin films can be determined using
the correlation between the absorption coefficient and the refractive
index [16]:

(&) .:_’ (6)



STUDY OF THE OPTICAL AND STRUCTURAL PROPERTIES OF CdO THIN FILMS 197

i

r

oo

.84

~J
L

0.61

0.44

0.21

0.0

[5%)

Real dielectric constant, ¢
L

210 460 510 560 610 400 500 600 700 800 900

Wavelength, nm Wavelength, nm
a b

Imaginary dielectric constant, ¢,

Fig. 6. Real dielectric constants (a) and imaginary dielectric constants (b)
as functions of wavelength for CdO thin films for different substrate tem-
perature.
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Fig. 7. Optical conductivity as a function of wavelength for CdO thin films
for different substrate temperature.

where ¢ is the speed of light in a vacuum. The decrease in optical
conductivity can be attributed to decrease for absorption coefficient
and the refractive index with increasing the substrate temperature,
as shown in Fig. 7.

3.2. Field Emission—Scanning Electron Microscopy (FE—SEM) Results

Utilizing the FE-SEM analysis at a 200kx magnification, it possible
to analyse the morphology and particle size distribution of CdO thin
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films for different substrate temperature.

With increasing substrate temperature, the nanoparticles of CdO
become larger due to the heightened kinetic energy of the particles,
rendering them more susceptible to diffusion and coalescence, lead-
ing to the formation of larger particles. Consequently, a denser and
less porous membrane is formed, exhibiting greater cohesion. More-
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Fig. 8. FE—SEM micrographs of CdO thin films for different substrate tem-
perature and the particle size distribution for (a) 400°C, (b) 450°C, and (c)
500°C.
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over, the shape of the membrane particles is also affected, as the
particles tend to become more spherical with increasing substrate
temperature. This is because of the increasing in temperature re-
duces the surface tension on the membrane particles, allowing them
to adopt a more stable shape.

The FE-SEM images in Fig.8 clearly show that CdO-
nanoparticles’ diameters with a size range of 25, 34, and 41 nm for
400, 450, and 500°C, respectively. Finally, the FE-SEM results are
in good agreement with the results of UV—Vis analysis.

4. CONCLUSIONS

Cadmium oxide thin films can be easily and low-cost produced by
chemical spray pyrolysis technique. The optical properties show that
the optical constants such as refractive index, extinction coeffi-
cient, dielectric constants and optical conductivity decreases with
increasing substrate temperature. In addition, the surface morphol-
ogy of CdO thin films is a sphere-like shape and diameters increas-
ing with substrate temperature. The average particles size range of
25, 34 and 41 nm for 400, 450, and 500°C, respectively.
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