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In this research, cadmium-oxide thin films are prepared using spin-
coating technique. The study is focused on clarifying the effect of chang-
ing temperature on the optical properties of cadmium-oxide films depos-
ited on glass substrates with an area of 1.5x2 cm? at different tempera-
tures. The behaviour of the visible absorption spectra of cadmium-oxide
films is also studied as a function of wavelength. These results show that
the absorption intensity decreases with increasing temperature, which in-
dicates an increase in the concentration of the film material. Some optical
constants are also studied, such as the refractive index, the real and
imaginary parts of dielectric constant, the extinction coefficient, and the
electrical-conductivity coefficient. As found, all values of these constants
change with increasing temperature. Through the absorption spectrum,
the optical energy gap is calculated and it is found that there is a slight
change with increasing temperature, as its value decreases from 2.27 to
2.24 eV, when the temperature increases from 400°C to 500°C. The results
obtained contribute to understanding the suitability of the material for
optical and electronic applications.

Y upomy mociaimkeHHi ToHKi miaiBku oxcunay Kagmito Gysio omep:kaHO MeTO-
JIOM CIIiHIHTOBOTO HaHECEHHs MOKPUTTIB (OAep:KaHUX METOIOM IeHTpUudy-
ryBaHHs). Jocaimxenusa OyJo 30cepemkeHO Ha 3’sICyBaHHI BIJIMWBY 3MiHU
TeMIIepaTypy Ha ONTUYHI BJIACTHUBOCTI IIiBOK okcuay Kaamiro, HaHeceHUX
Ha CKJIAHI mimkaagmekm maomeio vy 1,5x2 cm? 3a pisHmx Temmepatyp. Ta-
KOK BHBUAJIacs IIOBEJIiHKA CIEKTPiB BOMpPAHHS BUAMMOIO CBiTJa ILIiBKAMU
okcuny Kaamiro Ak QpyHKIia goB:xuuu xBuiIi. Ii pesyabraTu mokasaiu, Io
iHTeHCUBHiCTh BOMpPAHHA 3MEHIIYETHLCA 3 MiABUINEHHAM TeMIepaTypHu, IO
BKasye Ha 30iJbITeHHA KOHIEHTpAIlil maTepiany mriBku. Takox moCimKy-
BaJINCA JeAKi OINTUYHI KOHCTAHTH, TaKi AK IIOKA3HUK 3aJIOMJIEHHSA, NilicHa
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1 ysdBHaA YaCTHUHU [OieJIeKTPUUYHOI KOHCTAHTU, Koe(illieHT 3racaHHSA Ta Koe-
dimieHT emeKTponpoBigHOCTU. Byso BUSABIIEHO, IO BCi 3HAUEHHSA ITUX KOHC-
TAaHT 3MiHIOIOTHCA 3i 30iJIBIIEHHAM TeMIepaTypu. 3a IJOIOMOTOI0 CHEKTPY
BOUpaHHA GYyJI0 PO3PAXOBAHO HMIUPUHY OINTUYHOI 3a00pPOHEHOI 30HU Ta BUSIB-
JIEHO, II[0 CIIOCTEPiraeThcs He3HAUHA 3MiHa 31 30iJBIIEHHAM TeMIlepaTypH,
ocKinbKH 11 3HAUeHHsS 3MeHITyeTbedA Bim 2,27 mo 2,24 eB, xoau Temiepary-
pa spocrae Big 400°C mo 500°C. Ogxep:xaHi pesyabTaTH CIPUAITL PO3YMiH-
HIO IIPUAATHOCTU MAaTEePiANy AJIA ONTUUYHUX Ta €JeKTPOHHUX 3aCTOCYBAaHb.

Key words: cadmium oxide, spin coating, optical properties, absorption
spectrum, energy gap.
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1. INTRODUCTION

In recent years, there has been a notable surge in interest in thin
films of transparent conducting oxides (TCO) attributed to their
unique chemical and physical properties, which differentiate them
from bulk materials and individual atoms [1]. Cadmium oxide
(CdO), characterized by a direct optical band gap ranging from 2.2
to 2.7 eV and exhibiting n-type conductivity, is frequently em-
ployed in applications including spintronics, transparent electron-
ics, optoelectronics, and sensors. Cadmium oxide (CdO) is a com-
monly favoured material for applications, such as photodiodes, gas
sensors, solar cells, and antireflective coatings [2—4].

Cadmium oxide (CdO) is regarded as a potential material for
photovoltaic applications owing to its elevated electrical conductiv-
ity and optical transmittance in the visible spectrum. Thin CdO
films are produced using various deposition processes, including
pulsed laser deposition (PLD) and spray pyrolysis, chemical bath
deposition, hydrothermal synthesis, and magnetron sputtering. In
comparison to these approaches, the sol-gel process is effective for
creating metal-oxide coatings as it achieves a homogeneous struc-
ture and can be maintained under the management of each phase
necessitates uncomplicated apparatus and is applicable at reduced
temperatures. The sol—-gel spin-coating technique involves the solu-
tions formulated for the films, which are applied to a substrate that
is subsequently spun at varying velocities and durations. The solu-
tion is applied to this base to create a film [5].

The spin-coating process allows for the straightforward diversifi-
cation of required films, modifying parameters including film
thickness, rotation speed, rotation duration, number of coatings,
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solution concentration, and annealing temperature. This approach is
favoured because to its cost-effectiveness and rapid manufacturing
capabilities [6]. As discovered, the thermal treatment of thin CdO
films after deposition at different annealing temperatures reveals
significant modifications in their optical and structural characteris-
tics [7].

This work aims to prepare thin films of cadmium oxide using the
sol—gel spin-coating technique, study their optical properties, and
demonstrate the effect of film thickness and temperature on those
properties.

2. EXPERIMENTAL DETAILS
2.1. Prepare the Solution

The solution was prepared by dissolving 1.833 gm of aqueous cad-
mium acetate in 10 mL of 2-methoxyethanol and stirring it with a
magnetic stirrer for 20 min at room temperature. After that, the
temperature of the solution is raised to 70°C. Then, ethanolamine
(MONO) is added drop wise to the solution. This process takes 120
min in order to obtain a homogeneous, transparent and colourless
solution. The temperature of the final solution is reduced to room
temperature, then, filtered using filter paper, and left for 24 hours.

2.2, Preparation of Glass Substrates

A glass substrate with dimensions of 1.52 cm was prepared. These
substrates are cleaned by first washing them with water for 3 min,
then, they are immersed into a solution (distilled water + acetone)
with 20% acetone. The substrates and the solution are placed in the
ultrasound machine for 15 min at room temperature. The slides are
then cleaned with distilled water for 3 min and then dried using hot
air for 1 min. Sample weights are measured using a very sensitive
four-stage balance.

2.3. Deposition Process

The sol—gel solution is coated on glass substrates using a device for
spin coating as shown in Fig. 1. The parameters used were of 3000
rev/min for 30 s. The samples are then dried using an electric
heater at a temperature of 200°C for 15 minutes to get rid of sol-
vents and organic contamination. The thin films are then annealed
in an oven at temperatures of 400-500°C. Finally, the weights of
the samples are measured after the deposition process in order to
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Fig. 1. (a) Device diagram of spin coating; (b) photo of spin-coating device.

calculate the thickness of the film prepared by the gravimetric
method.

3. RESULTS AND DISCUSSIONS
3.1. Optical Absorption Analysis

The optical properties of cadmium oxide (CdO) thin films were ana-
lyzed by studying their interaction with light using a Shimadzu
UV-1800 UV-Vis spectrophotometer. Absorption spectra were meas-
ured in the spectral range from 190 to 1100 nm to investigate the
effect of wavelength and annealing temperature on absorptivity.
The results showed that the absorptivity changes significantly with
wavelength, and the effects of two annealing temperatures of 400°C
and 500°C on the behaviour of the films were studied. Figure 2 il-
lustrates the relationship between absorptivity and wavelength for
thin CdO films. The absorptivity was found to reach its maximum
at a wavelength of 350 nm and then decrease exponentially with
increasing wavelength until reaching a minimum at 850 nm. In the
range from 900 to 1100 nm, the absorptivity remained nearly con-
stant.

This behaviour is attributed to the insufficient energy of incident
photons in this spectral range to excite electrons from the valence
band to the conduction band. As the photon energy decreases with
increasing wavelength, it becomes less than the energy band gap of
cadmium oxide, leading to a reduced probability of electron transi-
tions. The results also indicated that increasing the annealing tem-
perature reduces absorptivity. The highest absorptivity was ob-
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Fig. 2. UV—Vis absorbance curves of CdO for different temperatures.

served at 400°C, while the lowest was observed at 500°C. This be-
haviour can be attributed to changes in the crystalline structure of
the films, as higher annealing temperatures may improve crystallin-
ity and enhance the uniformity of the crystal lattice, increasing
light transmittance through the film. This study highlights the in-
verse relationship between absorptivity and transmittance, where
transmittance increases as absorptivity decreases. This behaviour
explains the optical properties of thin CdO films within the studied
spectral range, providing deeper insight into the potential applica-
tions of these films in optical and electronic devices.

3.2. The Absorption Coefficient

The absorption coefficient is defined as the rate of decrease in the
radiant energy flux per unit distance in the direction of wave
propagation within the medium. The absorption coefficient depends
on the energy of the incident photon (A#v), the semiconductor prop-
erties, including the energy band gap, the type of electronic transi-
tions, and the energy of the incident photon. The absorption coeffi-
cient for cadmium-oxide (CdO) films was calculated using the fol-
lowing equation:

a=2.3034/t, (1)

where d is the thickness of the sample, A is the absorptance, and ¢

is the thickness of the film, which was of 143 nm in our study.
Figure 3 shows the variation of the absorption coefficient as a

function of wavelength for cadmium oxide (CdO) films at all the



482Mohammed AL-BADRANI, Yasir Yahya KASSIM, and Mutaz Salih Hasan ALJUBOORI

CdO, t = 143 nm
2.54 —T =400°C
—T = 500°C

350 450 550 650 750 850
Wavelength, nm

Absorption coefficient, ¢ 101, em!

Fig. 3. Absorption coefficient of thin CdO films as a function of wave-
length for different film temperatures.

studied temperatures. It is observed that the absorption coefficient
values for CdO films are high, with a > 10* cm™ at the absorption
edge that supports the prediction of allowed direct electronic transi-
tions. The values of the absorption coefficient decrease with in-
creasing substrate temperatures, indicating an improvement in the
crystallization of the prepared films and a reduction in crystal de-
fects.

3.3. Optical Band Gap

An important factor affecting the materials’ optical and electronic
properties is the optical band gap. The optical band gap of the thin
CdO films was determined using the Tauc’s plot and calculated by
fitting the following equation [12] to the data:

(ahv)"" = k(hv - E"), (2)

where r is a number that indicates the type of electronic transition
that causes the absorption and takes values of 1/2 or 3/2 for direct
transitions and of 2 or 3 for indirect ones, depending on whether
the transition is allowed or forbidden; hv is the photon energy, o is
the absorption coefficient, and % is a constant of effective mass.
Figure 4 illustrates the relationship between (ahv)? and hv, the
energy of the incident photon. The optical energy gap for the depos-
ited films is found to be of 2.27 eV at the deposition temperature of
400°C. But, as the deposition temperature is increased to 500°C, the
optical energy gap of the deposited films is decreased to 2.24 eV.
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Fig. 4. Optical band-gap values of thin CdO films prepared for two differ-
ent thicknesses.

This reduction is attributed to the narrowing of the gap between
the valence band and the conduction one due to the increased depo-
sition temperature that improves the oxide properties [13].

3.4. The Refractive Index (n)

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:

—1+R+ 4R K

""1I_r \Na-mr® (3)

Reflectivity (R) is calculated from absorption and transmission
spectra, using the law of conservation of energy (R=1-T —A).

On the other hand, Fig. 5 shows that the nature of the refractive-
index curves is similar to the reflectance curves, as reflectance is
related to the refractive index according to the mentioned equation.
It is observed that the refractive-index values decrease with increas-
ing temperature in the visible wavelength region. This change in
the refractive-index curves due to temperature variation is attrib-
uted to the way, by which the grains in these films aggregate and
grow that, in turn, affects the density of the films.

3.5. The Extinction Coefficient (K)

The extinction coefficient (K) depends on the absorption coefficient
and wavelength of the incident beam as given by Ref. [11]:
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Fig. 5. Illustrates the relationship between the refractive index and wave-
length for CdO films.
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Fig. 6. Illustrates the relationship between the extinction coefficient and
wavelength for CdO films.

K=
4n

In Figure 6, which represents the variation of the extinction co-
efficient as a function of wavelength for cadmium oxide (CdO)
films, it is observed that the behaviour of the extinction-coefficient
curves is nearly identical to that of the absorption coefficient due
to their interrelationship. The extinction coefficient decreases with
increasing substrate-deposition temperature.

(4)

3.6. The Real (g,) and Imaginary (g;) Parts of the Dielectric Constant

The real (g,) and imaginary (g;) parts of the dielectric constant were
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calculated using Eqgs. (5) and (6), respectively.

e =n’—K?, (5)
g =2nkK. (6)

Figures 7 and 8 illustrate the relationship between the real (g,)
and imaginary (g;) parts of the dielectric constant of nanostructured
CdO films as a function of wavelength (1) at different annealing
temperatures. The results show a gradual and noticeable decrease in
the values of both real and imaginary parts of the dielectric con-
stant with increasing wavelength, regardless of the annealing tem-
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Fig. 7. The real dielectric constant of CdO films as a function of wave-
length.
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Fig. 8. The imaginary dielectric constant of CdO films as a function of
wavelength.
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perature. This decrease can be explained by the polarization effect
within the film. As the field frequency increases, the ability of
charge carriers to respond to changes in the electric field decreases,
leading to a reduction in a wavelength. Additionally, the results in-
dicate a significant decrease in the real dielectric constant values
with increasing annealing temperature. This decrease becomes more
pronounced with increasing wavelength. This behaviour is attrib-
uted to the increase in the charge-carriers’ density within the
nanostructured CdO films with higher annealing temperatures that
enhances the electrical conductivity (o) of the films. Consequently,
the real and imaginary dielectric-constant values are reduced [14].

3.7. The Optical Conductivity

The optical conductivity of nanostructured CdO films prepared at
different temperatures was evaluated as a function of wavelength,
using the following equation:

_anc
n ’

where c is the speed of light in a vacuum.

Figure 9 shows a noticeable decrease in optical conductivity with

increasing temperature, and this decrease becomes more pronounced

at longer wavelengths. This indicates that the effect of temperature

is more significant at longer wavelengths compared to shorter wave-
lengths.

(7)
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Fig. 9. Optical conductivity as a function of wavelength for thin CdO films
for different temperatures.
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4. CONCLUSIONS

1. The study demonstrated that the absorptivity and optical conduc-
tivity as functions of wavelength for the prepared films are signifi-
cantly affected by the increase in annealing temperature. It was
also observed that the absorptivity gradually decreases with increas-
ing wavelength.

2. The results of the spectral analysis using UV-Vis spectroscopy
showed that the studied films undergo direct electronic transitions.
Additionally, it was noted that increasing the annealing tempera-
ture leads to a reduction in the values of certain optical constants,
such as the absorption coefficient, the extinction coefficient, the
refractive index, and the optical conductivity, with a significant
wavelength-dependent effect.

3. Optical measurements revealed that the energy band gap for al-
lowed direct transitions decreases with increasing annealing tem-
perature. The energy band gap values were found to be 2.27 eV and
2.24 eV at annealing temperatures of 400°C and 500°C, respec-
tively.
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