Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2026 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2026, 1. 24, Ne 1, cc. 201-209 HazapykosaHo B YKpaiHi.
https://doi.org/10.15407/nnn.24.01.0201

PACS numbers: 78.20.Ci, 78.40.Fy, 78.66.-w, 79.20.Eb, 81.20.Fw, 81.40.Tv, 81.70.Fy

Synthesis and Characterization of Cadmium-Oxide Thin
Films Prepared by Sol—Gel Spin Coating Method

Mohammed Al-Badrani, Yasir Yahya Kassim, and Mutaz Salih Hasan
Aljuboori

College of Education for Pure Sciences,
Department of Physics,

University of Mosul,

41001 Mosul, Iraq

In this work, cadmium-oxide films are prepared using the spin-coating
technique. The study is focused on clarifying the effect of changing the
thickness of the film on the optical properties of cadmium-oxide films de-
posited on 1.5x2 cm? glass substrates at a temperature of 400°C. The be-
haviour of the visible and ultraviolet absorption spectra of cadmium-oxide
films are also studied as functions of wavelength. These results show that
the intensity of absorption increases with increasing membrane thickness;
this indicates an increase in the concentration of the membrane material.
Some optical constants are also studied, such as the index of refraction
and the real and imaginary dielectric constants, in addition to the extinc-
tion coefficient and electrical conductivity. As found, their values change
with increasing film thickness. Through the absorption spectrum, the op-
tical energy gap is calculated, and it is found that there is a slight change
with increasing film thickness, as its value decreases from 2.22 eV to 2.20
eV, when the film thickness increases from 143 nm to 368 nm.

VY miit pobori miaiBku okcuay Kaamiio 6ya0 omep:KaHo HaHECEHHAM ITOKPUT-
TS METOAOM IeHTpudyryBaHHsa. IocaimskeHHA 30cepemKeHO Ha 3’sgCcyBaHHI
BILIMBY 3MiHM TOBIMUHU ILIiBKM Ha OITHWYHI BJIACTUBOCTI ILJIIBOK OKCHUIY
Kanmiro, HaHeceHUX Ha CKJAHI migxgaguHku miomeio 1,5x2 cm? 3a Temime-
parypu y 400°C. Tako:X DOCIiZ:KeHO MOBENiHKY CIEKTPiB BUAUMOTO I yJIb-
TpadioseToBoro BOUpaHHS IJIiBOK oKcuay Kaamiro Ak GYHKIIN JOBKUHU
xBuiai. Ili pesyabTaTy MOKAa3yiOTh, IO iHTEHCHBHICTHL BOMpAHHA 3pocTae 3i
301JIbIIIEHHAM TOBIIWHUN MeMOpaHu’, IO BKadye Ha 30iJbIlIeHHS KOHIIEHTpPA-
mii marepisnmy memOpaHum. TaKo:K mOCHimsKeHO OedAKi ONTHMYHI KOHCTaHTH,
Taki AK IMOKAa3HUK 3aJOMJEHHA Ta JilicHA U ydABHA AieJIeKTPUYHI KOHCTaH-
TH, HAa AOJATOK J0 KoedillieHTa eKCTHMHKIII i ejleKTpompoBigHocTu. Byio
BUABJIEHO, IO BCi IXHi 3HaUeHHA 3MiHIOIOThCA 3i 30iJbIIEHHAM TOBIIUHU
IUIiBKK. 3a JOIOMOTOI0 CIEKTPY BOMpPaHHSA OYJI0 PO3pPaxOBaHO INMUPUHY OI-
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TUYHOI 3a060pOHEHO0I 30HW Ta BUSBJEHO, IO CIOCTEPiraeThbCcs He3HauHa 3Mi-
Ha 3i 30iMBINIEHHAM TOBIWHU IJIiBKH, OCKiMIbKM i 3HAUEHHS 3MEHIITYETHCA
3 2,22 eB no 2,20 eB, Kosu ToBHIMHA ILTiBKU 30iabmiyeTbesa Big 143 HM 1o
368 HMm.

Key words: cadmium oxide, spin coating, energy gap, absorbance spec-
trum.

Karouosi cmoBa: oxkcun Kamgmito, omepskami MeTomoM IeHTPU(YI'YBaHHS II0-
KpUTTHA, 3a00poHeHa eHepreTUYHa 30Ha, CIIEKTep BOMpaHHA.

(Received 28 November 2024 )

1. INTRODUCTION

In recent years, there has been a notable surge in interest in trans-
parent conducting oxides (TCO) thin films, attributed to their
unique chemical and physical properties that differentiate them
from bulk materials and individual atoms [1].

Cadmium oxide (CdO), characterized by a direct optical band gap
ranging from 2.2 eV to 2.7 eV and exhibiting n-type conductivity,
is frequently employed in applications including spintronics, trans-
parent electronics, optoelectronics, and sensors. Cadmium oxide
(CdO) is a commonly favoured material for applications such as pho-
todiodes, gas sensors, solar cells, and anti-reflective coatings [2—4].
Cadmium oxide (CdO) is regarded as a potential material for photo-
voltaic applications owing to its elevated electrical conductivity and
optical transmittance in the visible spectrum. CdO thin films are
produced using various deposition processes, including pulsed-laser
deposition (PLD) and spray pyrolysis, chemical bath deposition, hy-
drothermal 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 structure and can be
maintained under the management of each phase necessitates un-
complicated apparatus and is applicable at reduced temperatures.
The sol-gel spin-coating technique involves the solutions formulat-
ed for the films and is applied to a substrate, which is subsequently
spun at varying velocities and durations. The solution is applied to
this base to create a film [5]. The spin-coating process allows for
the straightforward diversification of required films, modifying pa-
rameters including film thickness, rotation speed, and rotation du-
ration, number of coatings, solution volume, and annealing temper-
ature. This approach is favoured because of its cost-effectiveness
and rapid manufacturing capabilities [6]. As discovered, the ther-
mal treatment of CdO thin films after deposition at different an-
nealing temperatures reveals significant modifications in their opti-
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cal and structural characteristics [7].

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

2. EXPERIMENTAL DETAILS
2.1. Preparation of the Solution

The solution was prepared by dissolving 1.33 gm of aqueous cadmi-
um acetate [(CH;CO0),Cd,H,0)] 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 dropwise to the solution. This pro-
cess takes 120 min in order to obtain a homogeneous, transparent
and colourless solution. The temperature of the final solution is re-
duced to room temperature, then, filtered using filter paper, and
then, left for 24 hours.

2.2. Preparation of Glass Substrates

A glass substrate with dimensions 1.5x2 cm was prepared. These
substrates are cleaned by first washing them with water for 3 min,
then, they are immersed in 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
cleaned then with distilled water for 3 min and dried then using hot

. Glass cover

Y 3000-30 Plamo

Fig. 1. (a) Device diagram for spin coating; (b) photo of spin coating.
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air for 1 minute. Sample weights are measured using a very sensi-
tive four-stage balance.

2.3. Deposition Process

The sol—gel solution is coated on glass substrates using a device
spin coating as shown in Fig. 1. The parameter used was of 3000
rev/min for 30 s. The samples are then dried using an electric heat-
er at a temperature of 200°C for 15 minutes to get rid of solvents
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 calcu-
late the thickness of the film prepared by the gravimetric method.

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 a UV—Visible spectrome-
ter (Shimadzu UV-1800) to characterize the optical properties of
CdO thin films; the absorption spectra from 190 nm to 1100 nm
were obtained. When light interacts with the thin film, an optical
absorption process occurs against the wavelength spectra of the thin
films deposited at an annealing temperature of 400°C. Figure 2
shows an increase in absorption with increasing film thickness. The
spectra also showed a clear increase in absorption, indicating the
presence of a direct optical transition in the thin films, as well as a
red shift with increasing thickness of the deposited films. High

Absorbance, a.u.
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350 450 550 650 750 850 950
Wavelength, nm

Fig. 2. UV—-Vis absorbance curves for CdO films with different thickness.
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Fig. 3. Absorption coefficient of CdO thin films with difference of film
thickness as a function of wavelength.

temperatures in the annealing process can affect structural proper-
ties such as crystallinity, grain size, and defect density, which in
turn affects the optical behaviour of the material. The surface
plasmon resonance (SPR) peak of CdO thin films on glass was ob-
served at 350 nm. The peak shape is due to the light pooling caused
by the CdO thin films and the peak position due to the agglomera-
tion of nanoparticles deposited on glass and the interactions be-
tween 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. Crys-
tallization is enhanced at higher temperatures during thin film
growth better, the density of defects such as grains and dislocations
decreases and, as a result, the light absorption increases. This in
turn leads to the increase in the overall absorption.

The incident photon energy (as well as the properties of the ma-
terial itself) has an impact on a materials’ absorption coefficient.
According to Beer’s law, the transmission (7) and reflection (R)
spectra are related to the absorption coefficient [8]:

_ 2 _ 2
o Lig| A-RF, A-RF |
d 2T  2T+R’

where d is the thickness of the sample. The absorption coefficient
(o) at the wavelength of maximum absorption decreases with in-
creasing membrane thickness of CdO thin films as shown in Fig. 3.
An important factor affecting the materials’ optical and electron-
ic properties is the optical band gap E“. The optical band gap of

(1)
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Fig. 4. Optical band gap values of CdO thin films prepared for two differ-
ent thicknesses.
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Fig. 5. Refractive index (a) and extinction coefficient (b) as functions of
wavelength for CdO thin films with different thicknesses.

the CdO thin films was determined using the Tauc plot and calcu-
lated by fitting the equation to the data of Ref. [9]:

(ahv)"" = B(hv - EI"), (2)

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 decreasing with
increasing film thickness.

The refractive index (n) describes how a beam propagates through
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Fig. 6. Real dielectric constants (a) and imaginary dielectric constants (b)
as functions of wavelength for CdO thin films with different thickness.

a transparent medium. The optical parameters of the samples can be
used to determine the refractive index using the following relation-

ship [10]:
n=itB, AR g (3)
1-R \(1-R)

Reflectivity (R) is calculated from absorption and transmission
spectra using the law of conservation of energy (R=1-T7T-A). On
the other hand, the extinction coefficient (K) depends on the ab-
sorption coefficient and wavelength of the incident beam and is giv-
en by [11]

o
an’

The refractive index and extinction coefficient versus wavelength
are given in Eq. (3) and Eq. (4). It can be seen that the extinction
coefficient (K) of CdO thin films decreases and the refractive index
(n) increases with increasing film thickness and in the visible re-
gion. Increased thickness can result in better crystallinity and larg-
er grain sizes, which can result in reduced light scattering and ab-
sorption [12]. This in turn leads to an increase in the refractive in-
dex and a decrease in extinction coefficient as shown 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 of the real (¢,) and imaginary (g;)
parts of the dielectric constant can be calculated for optical wave-

K (4)
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Fig. 7. Optical conductivity as a function of wavelength for CdO thin films
for different thickness.

lengths based on optical constants. The refractive index and extinc-
tion coefficient are connected to the real and imaginary parts of the
dielectric constant through the following relationships [13]:

g, =n’-K?, g, =2nK . (5)

It can be seen from Fig. 6 that the real dielectric constant in-
creases, while the amount of the imaginary dielectric constant de-
creases with the increase in membrane thickness.

The optical conductivity of CdO thin films can be determined us-
ing the correlation between the absorption coefficient and the re-
fractive index [12]:

onc
(e) = —
t. ’
o 4

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.

(6)

4. CONCLUSIONS

It was shown through this research that the thickness of the film
has a direct effect on the optical properties of cadmium-oxide films.
It was found that the absorption increases with increasing film
thickness (), and this indicates the occurrence of the crystal
growth process. By analysing the absorbance spectrum using a UV-—
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Vis device, it was found that the refractive index, the real dielectric
constant, and the optical conductivity increase with increasing film
thickness, but that both the extinction coefficient and the imagi-
nary dielectric constant decrease with increasing film thickness. It
was also found that the optical energy gap decreases slightly from
2.22 eV to 2.20 eV with increasing film thickness from 143 nm to
368 nm.
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