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Copper oxide thin �lms undoped and doped with silver (15 wt%, 25 wt%) were deposited by two
di�erent methods, namely sol�gel dip coating and sol�gel spin coating, on a glass substrate with a 0.2 M
precursor concentration. The samples are characterized by X-ray di�raction, Fourier-transform infrared
spectroscopy, scanning electron microscopy, energy-dispersive X-ray, UV-visible spectrophotometry, and
the four-point probe method. Structural, morphological, optical, and electrical properties of Ag-doped
CuO are studied. According to the X-ray di�raction spectroscopy, all peaks con�rm the formation of
the tenorite phase with a monoclinic structure. The thin �lms were all polycrystalline with directions
along (200). According to scanning electron microscopy, the morphology of the �lms is almost smooth.
A comparison is made between the two techniques of fabrication in terms of electric conductivity,
morphology, energy gap, and average transmission in the visible domain.
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1. Introduction

Transition metal oxides have focused the in-
terest of researchers in recent years due to their
characteristics [1], including a diverse set of elec-
trical, chemical, and physical properties that are
frequently sensitive to changes in their chemical en-
vironment [2]. Copper oxide (CuO) has attracted
the interest of many researchers due to many poten-
tial applications in solar energy devices, gas sensors,
nanowires, magnetic storage, Li-ion batteries, pho-
tocatalysis, infrared photodetectors, electrochemi-
cal sensors, �eld emitters, antibacterials, and super-
conductors [3�6].
CuO is an ideal choice as an environmental sensor

thanks to its e�ective properties such as a high ab-
sorption coe�cient, good thermal conductivity [7],
non-toxicity [8], low cost, and good adaptation to
the environment [9]. This material is part of the
group II�VI [10], a p-type semiconductor with a
band gap of 1.2�2.1 eV and crystallizes into a mon-
oclinic crystal structure [11�13] with lattice param-
eters a = 4.684 Å, b = 3.425 Å, c = 5.129 Å,

and β = 99.28 Å [14]. Copper oxide �lms have been
prepared using various deposition techniques, such
as pyrolysis spray [15], sol�gel [16, 17], direct cur-
rent (DC) reactive sputtering [18], and thermal
evaporation [19]. Moreover, gas sensors based on
p-type semiconductors such as CuO have recently
gained popularity due to their chemical stability,
electrochemical activity, and strong electron com-
munication capabilities [20]. The novelty of forming
nanostructures via dip and spin coating lies in the
method's ability to achieve controlled and precise
fabrication, contrasting with traditional thermal or
electrochemical techniques, which often yield larger
nanostructures with inferior aspect ratios. Dip coat-
ing involves immersing substrates in a precursor
solution, ensuring uniform coating through capil-
lary action upon withdrawal, while spin coating de-
posits a thin liquid �lm onto a rotating substrate
using centrifugal force [11]. This versatile manu-
facturing method o�ers advantages such as pre-
cise control over coating thickness and uniformity,
making it ideal for creating nanostructures with
consistent properties. It is cost-e�ective and scal-
able from small lab-scale experiments to large-scale
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production, enabling broader commercial applica-
tions. However, dip and spin coating is primarily
suited for thin �lms, posing challenges for pro-
ducing thicker nanostructures or complex three-
dimensional architectures. Compared to thermal
and electrochemical methods commonly used for
CuO/Cu2O synthesis, the dip and spin coating pro-
vides superior aspect ratio control, simplicity, and
high uniformity, critical for applications in cataly-
sis, sensors, and biomedical devices where consis-
tent performance is essential [12, 13]. Spin coating
provides a high degree of uniformity in thin �lm
formation. The centrifugal force ensures that the
coating spreads evenly across the substrate, leading
to highly uniform nanostructures, but dip coating
o�ers excellent control over the thickness and mor-
phology of the coating [15]. The withdrawal speed
and solution concentration can be precisely man-
aged to achieve the desired properties. Both spin
and dip coating are relatively simple and scalable
processes. They do not require complex equipment
or conditions, making them cost-e�ective and easy
to implement in large-scale production [18]. These
methods are versatile and can be used to deposit
a wide range of materials, including various ox-
ides, polymers, and composites. Such �exibility is
often limited in thermal or electrochemical meth-
ods, which may require speci�c conditions for each
material [19]. Spin and dip coating typically involves
lower temperatures compared to thermal methods.
This is bene�cial for substrates that cannot with-
stand high temperatures, thus expanding the range
of usable substrates [16�20].
CuO has a high sensitivity to hydrogen sul�de

(H2S). Gas sensors have received a lot of interest as
integrated devices in daily life for accurate monitor-
ing and control of ambient moisture for human com-
fort, as well as prospective applications in sectors
such as robotics, aerospace, agriculture, and health-
care [21]. CuO might be employed as a sensor for
other gases, such as carbon monoxide (CO) and ni-
trogen dioxide (NO2). Early detection of these gases
is especially important in industrial processes, fac-
tories, and homes [22].
For the preparation of thin �lms, various methods

can be used, namely sol�gel spin coating, DC sput-
tering, electrodeposition, or spray pyrolysis tech-
nique. The aim of this study is to characterize
the structural, morphological, optical, and electri-
cal properties of copper oxide thin �lms undoped
and doped with silver and deposited by two di�er-
ent methods, namely sol�gel dip coating and sol�gel
spin coating, on a glass substrate. The most com-
monly used technique is the sol�gel method due
to its simplicity, lower cost, reproducibility, and
large-area deposition. The sol�gel method can eas-
ily deposit the material on di�erent types of sub-
strates and can be performed in a non-vacuum en-
vironment. However, another simple, low-cost, and
well-spread technique can be used to obtain thin
�lms. The obtained results show that sample surface

morphology and conductivity changed as a function
of the di�erent deposition methods. Moreover, with
the spin coating method, the transmittance spec-
trum of thin layers is weak, which con�rms that
thin �lms of CuO undoped and doped with silver
are absorbent layers for solar cells and sensors.

2. Experimental details

2.1. Materials

The Cu(CH3COO)2 · 2H2O (dehydrated cop-
per acetate) supplied by Chemical Biochemistry,
France, along with absolute ethanol (C2H6O,
96% purity) and monoethanolamine (MEhlA,
NH2CH2CH2OH, ≥ 98% purity) from Sigma-
Aldrich, USA, were utilized for solution prepa-
ration. Silver nitrate (AgNO3, 99% purity) from
Chemical Biochemistry, France, was employed for
doping purposes.

2.2. Preparation of solutions and thin �lms

CuO thin �lms were deposited with a sol�gel
(spin coating and dip coating) method on glass sub-
strates (Fig. 1). For this purpose, a 0.2 M molar-
ity solution was prepared by dissolving dehydrated
copper acetate precursor (Cu(CH3COO)2 · 2H2O)
in absolute ethanol (C2H6O purity 96%). In order
to study the e�ect of Ag doping rate on CuO thin
�lms, one volume of monoethanolamine (MEA) in a
molar ratio (n(MEA)/n(sol) = 3) was added to two
solutions with di�erent silver percentages (15 wt%,
25 wt%) with silver nitrate precursor. The solutions
were then mixed under magnetic stirring at 70◦C
for 2 h. In spin coating, the substrates are mounted
on the substrate at a rotating speed of 3000 rpm for
30 s and then dried after each deposition at 250◦C
for 10 min in the oven (repeated for 4 cycles). In dip
coating, the substrate is left in the solution for 1 min
(repeated for 15 cycles. Then, we take the samples
for heat treatment in the oven at 500◦C for 2 h.

2.3. Characterization techniques

To study the structural properties of thin layers
of pure and Ag-doped CuO, an X-ray di�raction
(XRD) platform (Brucker AXS D8 ADVANCE)
with a Cu Kα radiation di�ractometer (λ = 1.54Å)
was used. The �lm morphology was examined us-
ing an environmental scanning electron microscope
(SEM) (Thermo Scienti�c Prisma E). Infrared (IR)
transmission spectra were recorded using a VER-
TEX 70 spectrophotometer in the spectral range
of 400�1000 cm−1. The transmittance spectra were
obtained using a UV-visible spectrophotometer
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Fig. 1. Di�erent steps of preparation of the solution for dip coating or spin coating method.

(JASCO V-750 in the wavelength range between
350�900 nm. The electrical properties were mea-
sured with a four-point measuring device (JAN-
DEL) connected to a Keithley 2400 source meter.

3. Results and discussion

3.1. X-ray di�raction

Undoped and doped silver copper oxide thin
�lms prepared by the sol�gel method (dip and spin
coating) were characterized by X-ray di�raction to
study their structural properties.
Figure 2a presents the XRD spectra of thin �lms

prepared by the dip coating method. The spectra
are recorded in the range of 2θ from 25◦ to 80◦. It
has been noted that in all the spectra, there are sev-
eral peaks of di�ractions that correspond to the fol-
lowing planes: (−111), (200), (−202), (202), (−113),
(022), (−222). The results are in good agreement
with the JCPDS sheet no. 00-041-0254 and show the
polycrystalline nature of the monoclinic structure,
which belongs to the C2/c space group as a pure
phase. No secondary phase of Cu2O or Cu4O3 is
observed. For silver-doped samples, the intensity of
the planes (−111), (−202), (202), (−113) decreases
with the increase in the doping rate. On the other
hand, for the planes (200), (022), (−222), the peak
intensity is increased with the increase in the dop-
ing rate. A secondary peak (440) is consistent with
the JCPDS card no. 00-040-0909, indicating the for-
mation of silver oxide Ag2O3. A well-de�ned plane
is shifted towards the smaller angles in the case of
Ag doping. The result explains that the Ag atoms
occupy the substitution sites of Cu atom because
CuO, in the absence of metal caused by cationic

vacancies, releases holes and makes the material a
p-type semiconductor. The compression of the mesh
reduces the unit volume of the cell (the parameters
of the mesh decrease with the existence of doping
(see Table I)).
Figure 2b represents XRD spectra of undoped

and Ag-doped copper oxide thin �lms recorded
in the range of 2θ from 20◦ to 70◦. These lay-
ers are prepared by the sol�gel method (spin coat-
ing). It presents di�raction peaks associated with
the following crystalline planes (110), (−111), (200),
(020), (−202), (202), (−113), (−311). The out-
comes are consistent with reported data [23, 24].
The results are in agreement with JCPDS card
no. 00-041-0254, which con�rms the existence of a
monoclinic tenorite phase with a C2/c space group
structure. Additional peaks are present, correspond-
ing to the appearance of secondary phases associ-
ated with CuO �lms doped with Ag atoms. Three
di�raction peaks at 2θ = 27.77◦, 37.88◦, 45.99◦, and
64.55◦ correspond to the (110), (200), (211), and
(311) planes, respectively. They provide evidence
for the presence of the Ag2O phase and agree well
with the JCPDS card no. 00-041-1104. The peak at
2θ = 44.25◦ corresponding to the (440) plane is in
agreement with the JCPDS card no. 00-040-0909,
indicating the formation of silver oxide Ag2O3. It
should be noted that there are shifts of the peaks
towards small angles, which shows the compression
in the lattice.
The value of the texture coe�cient provides cru-

cial details regarding the preferred orientation of the
thin �lms. The Harris analysis is used to determine
the texture coe�cient (T), which con�rms the pre-
ferred orientation [25]

TChkl
=

Ihkl
I0;hkl

/(
1

N

∑ Ihkl
I0;hkl

)
. (1)
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Fig. 2. XRD spectra of Ag-doped CuO thin �lms
prepared by (a) sol�gel dip coating and (b) spin
coating.

Here, TChkl
is the texture coe�cient of the (hkl)

plane, Ihkl is observed intensity, I0;hkl is the ref-
erence intensity of the (hkl) plane, and N is the
number of peaks considered.
For 0 < T < 1, there are not enough grains mov-

ing in the direction under consideration (hikili),
and there is no preferential orientation. If T > 1 for
each of the (hikili) planes that have been observed,
the value of T indicates that more grains are ori-
ented in a particular direction (hikili), making that
direction the preferred orientation [26].
Figure 3a and b represents the texture coe�cient.

Two preferential orientations are observed and fol-
low the planes (200) and (−111). The plane (200)
is more intense in all the thin layers when the sam-
ples are prepared by the dip coating method. On
the other hand, for thin layers prepared by the spin
coating method, there is a change in the intensity of
the peaks with the doping. This e�ect is explained
by the position of the atoms in these low-energy
sites and shows the increase in the intensity of the
peaks with a decrease in the full width at half height
maximum (FWHM).
The crystallite size was calculated by Scherrer's

formula [27, 28]

D =
0.9λ

β cos(θ)
, (2)

Fig. 3. Texture coe�cient at (−111) and (200) as
a function of the doping rate for dip coating (a) and
spin coating (b) method.

where D is the crystallite size, λ is the wavelength
of the incident ray, β is the full width at half height
maximum (FWHM), and θ is the Bragg di�raction
angle.
The dislocation density (δ) is explained by the

length of the dislocation lines per unit volume of
the crystal [29]; it is determined from the following
relationship

δ =
1

D2
. (3)

The micro-strain (ε) created in the thin �lms was
calculated by equation [30]

ε =
β cos(θ)

4
. (4)

The lattice parameters (a ̸=b ̸= c, α = γ = 90◦ ̸=β)
of the monoclinic structure of CuO were calculated
using the following relations [31]

1

d2
=

1

sin2(β)

[
h2

a2
+
k2sin2(β)

b2
+
l2

c2
− 2hl cos(β)

a c

]
.

(5)
Table I represents the crystallite size values. It
should be noted that the size of the crystallites is
nanometric and varies: 20, 25, and 29 nm for thin
layers prepared by the dip coating method. How-
ever, in the case of preparation by spin coating, the
size of the crystallites is 24, 33, and 28 nm and
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TABLE I

The crystallite size and lattice parameters of thin �lms of copper oxide undoped and doped with Ag prepared by
two methods

Phases
2θ

[◦]
Plane (hkl)

FHWM
[◦]

β

[rad]
a

[Å]
b

[Å]
c

[Å]
D

[nm]
δ(×1015)

[lines/m2]
ε (×10−4)

Dip coating method

CuO 38.95 (200) 0.404 0.0071 4.692 3.428 5.144 20 2.5 17.75
15 wt% Ag:CuO 38.80 (200) 0.340 0.0059 4.688 3.417 5.143 25 1.6 14.75
25 wt% Ag:CuO 38.82 (200) 0.289 0.0051 4.682 3.452 5.140 29 1.19 12.75

Spin coating method

CuO 38.85 (200) 0.394 0.0068 4.698 3.417 5.119 24 1.74 17
15 wt% Ag:CuO 38.81 (200) 0.294 0.0051 4.709 3.426 5.075 33 0.92 12.75
25 wt% Ag:CuO 38.71 (200) 0.344 0.0060 4.709 3.426 5.102 28 1.28 15

Fig. 4. Crystallite size and microstrain of copper
oxide undoped and doped with Ag by two methods
as a function of the doping rate.

corresponds to pure CuO, 15 wt% Ag:CuO, and
25 wt% Ag:CuO, respectively. They are very close
to the result reported by H. Absike et al. [32]. It
should be noted that the growth rate of the thin
�lms prepared by dip coating is fast compared to
the speed of the growth rate of the �lms prepared
by spin coating. It should also be noted that the size
of the crystallites increases with the increase in the
doping rate. This explains why there is an increase
in nucleation sites with doping. It also leads to a
decrease in the size of the crystallites and to the

Fig. 5. SEM image of CuO and Ag:CuO deposited
by (a) sol�gel dip coating and (b) spin coating.

phenomenon of recrystallization, i.e., �the fusion of
smaller crystallites for the formation of large crys-
tallites� and growth [33]. The size of the crystallites
increases. There are several similar studies on the
e�ect of increasing crystallite sizes with doping with
silver atoms [34, 35].
Moreover, XRD results are exploited to deter-

mine other parameters, such as the density of
dislocations and micro-deformations. It should be
noted that the dislocation and micro-deformation
decrease with the increase in the sizes of the
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Fig. 6. EDX analysis spectrum of CuO and Ag:CuO deposited by (a�c) sol�gel dip coating and (d�f) spin
coating.

crystallites [36, 37] (see Fig. 4a and b). This de-
crease in the micro-deformation and the density is
attributed to the reduction of lattice defects along
grain boundaries [38].

3.2. Morphological properties

SEM has been used to study the surface mor-
phology of thin �lms of undoped and silver-doped
copper oxide. As presented in Fig. 5, there is a
clear change in the morphology of undoped CuO
and Ag-doped CuO in the case of the dip coating
method. CuO �lms have a smaller grain size. Af-
ter Ag doping, an improvement in the morphology
with an almost smooth surface is observed. For the
spin coating method (panel b), all �lms are dense
and thick and have surfaces with homogeneous and
almost uniform grain sizes with a spherical shape.
The advantage of forming nanostructures with

Ag/CuO using dip and spin coating methods,
compared to larger structures like CuO/Cu2O
nanoneedles produced via thermal or electrochemi-
cal methods, lies in their superior control over mor-
phology, composition, and surface properties [23].
Dip and spin coating techniques enable precise de-
position and formation of well-de�ned nanostruc-
tures with higher aspect ratios, leading to increased
surface area per unit volume. This enhanced sur-
face area is advantageous for applications requir-
ing e�cient surface interactions, such as catalysis
and sensing [24]. Furthermore, these methods o�er
scalability, uniformity, and compatibility with in-
dustrial processes, facilitating easier integration

TABLE II

The ratio of CuO undoped and Ag-doped chemical
components.

Phases Cu [%] O [%] Ag [%]

CuOa 86.75 13.25 0
CuOb 50 33.12 0

15 wt% Ag:CuOa 85.81 12.53 1.65
15 wt% Ag:CuOb 80.57 17.61 1.82

25 wt% Ag:CuOa 5.76 12.62 81.62
25 wt% Ag:CuOb 79.23 16.94 3.84

Thin �lms prepared by asol�gel dip coating
and bsol�gel spin coating.

into devices and systems compared to larger,
less controllable structures. Overall, nanostructures
formed via dip and spin coating exhibit enhanced
performance and tailored properties that are bene-
�cial for various technological applications [24, 25].

3.3. EDX analysis

Energy dispersive X-ray (EDX) analysis was uti-
lized to determine the quantity of the elements and
con�rm their presence in the thin �lms. Figure 6
depicts the EDX spectra of CuO and Ag:CuO thin
�lms with varying doping percentages. The Cu
and O peaks may be seen throughout the sample.
The presence of additional Ag peaks also increases
with the increase in the doping rate (0.71% for dop-
ing with 15 wt% Ag and 46.25 % for doping with
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Fig. 7. Infrared spectra of CuO undoped and Ag-
doped CuO deposited by (a) sol�gel dip coating and
(b) sol�gel spin coating method.

25 wt% Ag in thin �lms deposited by dip coating
(panel a) and 0.71% for doping with 15 wt% Ag
and 1.52% for doping with 25 wt% in thin �lms de-
posited by spin coating (panel b), see Table II). The
EDX results �t well with XRD data.

3.4. Vibration spectroscopy investigations
using FT-IR

Fourier-transform infrared spectroscopy (FT-IR)
characterization is used to determine the chemi-
cal properties of a material through separate vibra-
tion modes of each bond and the understanding of
their chemical compositions. FT-IR spectra of thin
�lms prepared by dip coating (a) and spin coat-
ing method (b) are recorded in the 400�1000 cm−1

range, as shown in Fig 7. We note that there are sev-
eral modes of bond vibration found in these �lms,
which results in the formation of copper oxide in the
case of CuO and the formation of Ag2O3 in the case
of doping. The peaks at 413, 424, 462, 478, 529, 575,
478, 529, 718, and 908 cm−1 characterize the Cu�O
bond [39�42]. After the addition of silver, peaks at
437, 530, 708, 804, and 866 cm−1, which character-
ize Ag�O binding, and the peak at 460 cm−1, which
characterizes Ag�O�Ag, were observed [43, 44].

3.5. UV-visible spectroscopy

The transmittance spectra of the thin layers pre-
pared by the sol�gel method (dip coating) were
recorded as a function of the wavelength in the
range of 350�900 nm and are presented in Fig. 8a.
The maximum transmittance increases with the
wavelength increasing up to 90% for pure CuO and
decreases down to 50% with silver doping increas-
ing, as obtained in other works [30, 36]. The de-
crease of transmittance can be explained by the
defects resulting from the doping which causes the
scattering of the photons. Also with addition of dop-
ing, the free carriers increase and lead to an increase
in light absorption. In addition, an increase in thick-
ness between 102 and 146 nm with the increase in
doping is a factor impacting the decrease in trans-
mittance.
The optical transmission spectra of thin �lms of

undoped and silver-doped copper oxide deposited
by the sol�gel method (spin coating) on a glass sub-
strate were recorded as a function of wavelength
in the range of 200�900 nm and are presented
in Fig. 3b. All the �lms have an average transmis-
sion of 4�12% in the visible region (400�800 nm).
The transmittance decreases with the existence of
doping in the range of 700�900 nm. This reveals

Fig. 8. Optical transmittance spectra of CuO un-
doped and doped with silver deposited by two meth-
ods: (a) sol�gel dip coating and (b) sol�gel spin
coating.
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Fig. 9. Variation of (αhν)2 as a function of photon
energy of copper oxide undoped and doped with
silver deposited by sol�gel dip coating (a) and sol�
gel spin coating (b).

that there is an interaction between photons and
electrons, which causes the absorption of light for
the 25 wt% Ag-doped �lm. The higher transmit-
tance compared to other �lms can be attributed
to the �lm's surface being more homogeneous
than that of the others. Thin �lms deposited by
the dip coating method are very smooth and ho-
mogeneous compared to �lms deposited by spin
coating. This result is well con�rmed by the re-
sults of transmittance and morphology of thin
�lms.
From the Tauc relation, the direct band gap of

CuO �lms undoped and doped with silver was cal-
culated by [45]

αhν = A
√
hν − Eg. (6)

The plot of (αhν)2 as a function of the photon en-
ergy E = hν with the extrapolation method inter-
secting the tangent with the x-axis ((αhν)2 = 0)
gives the optical gap Eg, as shown in Fig. 9.
In thin �lms prepared by the sol�gel dip coating

method, the gap energy varies between 2.03�1.43 eV
and decreases as doping increases. Thin �lms de-
posited by the method of sol�gel spin coating have
an energy gap varying between 2.08�1.43 eV for thin
�lms of CuO undoped and doped with 15 wt% Ag.
When the doping of Ag is 25 wt%, the gap energy

Fig. 10. Absorption coe�cient as a function of
wavelength of copper oxide undoped and doped, de-
posited by di�erent methods: sol�gel dip coating (a)
and sol�gel spin coating (b).

is 1.58 eV. This variation agrees with the results
found in paper [46], with the same doping element
and the same spin coating method. It has been no-
ticed that the change in the grain size of the CuO
nanostructures could be the cause of the change in
Eg [47]. The inverse relationship between crystal
size and gap energy can be explained by changes
such as oxygen stoichiometry, quantum con�nement
size e�ect, and microcrystals of di�erent morpholo-
gies [48�51].
In order to �nd the absorption coe�cient (α), we

used the following equation [52]

α =
1

d
ln

(
100

T

)
, (7)

where d is the thickness of the sample, and T [%] is
its transmission.
Figure 10a and b shows that all �lms have a high

α value of 104 cm−1 in the visible range, indicat-
ing direct transmission [25, 53]. The values of the
absorption coe�cient increase at the edge of the
primary absorption towards shorter wavelengths,
therefore also towards higher photon energies, in-
crease with doping in the case of �lms prepared by
the dip coating method, and decrease in the case of
�lms prepared by the spin coating method.
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Fig. 11. Extinction coe�cient as a function of
wavelength of copper oxide undoped and doped
with silver deposited by sol�gel dip coating (a) and
sol�gel spin coating (b).

The extinction coe�cient (K) is calculated by the
following equation [54]

K =
αλ

4π
, (8)

where λ is the wavelength.
The spectra of the extinction coe�cient as a func-

tion of wavelength are shown in Fig. 11. The ex-
tinction coe�cient of thin �lms prepared by the
dip coating method is increased with the doping in-
crease and decreased in the case of �lms deposited
by the spin coating method.
Skin depth (χ) is absorption depth given by the

inverse of the absorption coe�cient and describes
how deeply light can penetrate into a semiconduc-
tor material before being fully absorbed, with the
distance through which a wave penetrates into the
thin �lm [55, 56]

χ =
1

α
. (9)

Figure 12 presents the variation of skin depth as
a function of wavelength. It has been noted that in
the layers prepared by dip coating, the skin depth is
reduced with the increase in Ag doping. This can be
explained by the increase in absorption coe�cient
thanks to smooth surface of layers prepared by dip
coating, but in the case of �lms prepared by the

Fig. 12. Variation of skin depth as a function of
wavelength of copper oxide undoped and doped
with silver deposited by sol�gel dip coating (a) and
sol�gel spin coating (b).

spin coating method, the skin depth increases with
the increase in doping, which explains the surface
roughness.

3.6. Electrical properties

The electrical properties of the thin �lms are mea-
sured by the four-point method.
The volume resistivity was calculated by dividing

the voltage drop (V ) from the two inner probes by
the applied current (I) from the two outer probes
and thickness (e) [57, 58].
The volume resistivity and conductivity value are

computed using the formula

ρ =
∆V

I

eπ

ln(2)
. (10)

The relationship between resistivity and conductiv-
ity was shown by the following equation

σ =
1

ρ
. (11)

Figure 13 represents the variation of the elec-
trical conductivity of the thin �lms deposited by
two methods: sol�gel dip coating (a) and sol�gel
spin coating (b). It is observed that the electrical
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Fig. 13. Variation of conductivity and volume re-
sistivity as a function of doping rate in two meth-
ods, i.e., sol�gel dip coating (a) and sol�gel spin
coating (b).

TABLE III

Thickness and electrical conductivity of copper oxide
undoped and silver-doped deposited with two method
(dip coating and spin coating).

Material

Dip coating Spin coating
e

[nm]
σ

[s/cm]
e

[nm]
σ

[s/cm]

CuO pure 102 11.6 320 3.5× 10−5

15 wt% Ag:CuO 128 16.99 412 7.9× 10−5

25 wt% Ag:CuO 146 59.05 443 21× 10−5

conductivity increases with the increase in dop-
ing with Ag in both cases. This increase can be
explained by the increase in the grain size and
the grain boundary decrease. As the energy gap
decreases, the scattering of carriers at the grain
boundaries consequently decreases [57, 59]. In addi-
tion to this e�ect, the thickness of CuO thin �lms,
which acted as the active layer, was considered an
important factor in studying the e�ect on the elec-
trical properties [57]. In addition, the electrical con-
ductivity of CuO �lms of p-type varies with the
density of copper vacancies, which act as surface
acceptors [60]. The electrical conductivity values of
the �lms prepared by the dip coating method vary

between 11.6 and 59.05 (Ω cm)−1; these values are
well agreed with results in [61�62]. In �lms prepared
by the method of spin coating, the values of the con-
ductivity are very small compared to the other and
vary between 3.5×10−5 and 21×10−5, see Table III.
They agree well with articles [15, 57].

4. Conclusions

In summary, thin layers of CuO undoped and
doped with di�erent percentages of silver and de-
posited with di�erent methods (sol�gel dip coating
and sol�gel spin coating) show polycrystalline in a
monoclinic structure with a C2/c space group. The
crystallite size of thin �lms deposited by dip coating
was calculated by Scherrer's formula and varied be-
tween 20 and 29 nm. The morphology of the �lms is
porous, uniform, and dense. From the transmission
spectra, the gap energy changes between 1.43 and
2.03 eV, and the average transmission between 350
and 900 nm is 90% to 50%, and electrical conduc-
tivity varied between 11�59 (Ω cm)−1 decrease with
the increased doping. But in thin �lms deposited by
spin coating, we have a di�erence in crystallite size
between 24 and 33 nm and gap energy change be-
tween 1.39 and 2.08 eV, and the average transmis-
sion between 350�900 nm is 12% to 4%. The elec-
trical conductivity varied between 3.5 × 10−5 and
21 × 10−5 (Ω cm)−1. We checked the existence of
Cu�O and Ag�O absorption bands by the FT-IR
method. The morphology of the �lms is uniform and
dense with nano-spherical shape. We notice a clear
change in the morphological, optical, and electri-
cal properties with the e�ect of di�erent deposited
methods and Ag doping of CuO. We conclude that
thin �lms deposited by the sol�gel spin coating tech-
nique are excellent for generating high-quality ho-
mogeneous and uniform thin �lms. It is suitable for
solar cell applications and gas sensors.
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