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Abstract: Copper (II) oxide (CuO) has attained significant attention from researchers because of its unique 
chemical and physical properties. Ag-doped CuO thin films have been produced on the soda glass 
substrate (SLG) by spin coating technique at different doping ratios. Structural, morphological, and optical 
properties of thin films produced depending on altered silver ratios have been examined through X-ray 
diffraction (XRD) spectroscopy, scanning electron microscopy (SEM), and UV-vis absorption spectroscopy, 
respectively. Band gaps of prepared undoped and 1% Ag-doped CuO thin films have been measured as 
1.90eV and 1.63eV, respectively. Ag/undoped CuO and Ag-doped CuO/ZnO/AZO solar cells have been 
modelled, and their photovoltaic parameters have also been calculated using the SCAPS-1D simulation 
program. This work aims to investigate the photovoltaic parameters that would improve the efficiency of a 
solar cell. The effect of Ag atoms on the efficiency of CuO solar cells has been investigated depending on 
the acceptor density (Na), the interface defect density (Nt), and the operating temperature. Ag-doped CuO 
solar cells have shown the highest efficiency for Nt=1010 cm-3 and Na=6, 5x1016 cm-3 values. It has been 
well observed that as the operating temperature increases, the solar cells’ power conversion efficiency 
decreases. The highest charge generation rates in the undoped and Ag-doped solar cells have been 
determined as 1.49×1022 1/cm3.s and 1.51×1025 1/cm3.s, respectively. All the results, either theoretical or 
experimental, have been presented in this work and have been compared for a conclusion that has been 
made in detail. 
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1. INTRODUCTION* 

In recent years, copper oxides have been widely used in gas 
sensors [1], thin film transistors [2], photo-electrochemical 
cells [3, 4], and cross-point memories [5], including electronic 
and optoelectronic devices due to their energy band gap 
values differing from 1.5 to 3eV. CuO-based thin films have 
very prominent advantages due to their relatively high optical 
absorption properties, non-toxicity, low production costs, and 
thermal stabilities [6, 7]. 

CuO thin films have been produced by using numerous 
methods such as spray pyrolysis [8], pulsed laser deposition 
(PLD) [9], sol-gel [10], chemical solution deposition [11], 
thermal oxidation [12], thermal evaporation [13], chemical 
vapour deposition [14] and spin coating technique [15]. In 
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these studies, performed on CuO thin films, effects of various 
parameters such as annealing methods, deposition 
temperature, thin film thickness, distance from solution to 
spray head, solvent properties, and deposition time have 
been investigated in detail. These parameters have changed 
the physical properties of thin films obtained, leading 
researchers to improve (optimise) the characteristics of CuO 
thin film to be obtained by using different doping ratios. 
Panah et al. [16] have shown that the conductivity of CuO 
thin films obtained using the sputtering technique increases 
with titanium (Ti) doping. In addition, in their study [16], they 
produced solar cells on n-Si, and they found that Ti has 
significantly changed the short-circuit current value and 
efficiency of CuO. Basith et al. [17] have shown that the 
energy band gap value and ferromagnetic properties of CuO 
thin films vary depending on the amount of Fe2+ ions dopant. 
El-Sayed et al. [18] have investigated the optical, structural, 
and photocatalytic properties of Fe and Co-doped CuO thin 
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films obtained using the spin coating method. When they 
examined the samples they obtained, they stated that Co-
doped CuO thin films showed better photocatalytic properties 
than undoped and Fe-doped thin films. Tawfik et al. [19] have 
shown that the resistance of undoped and Co-doped CuO 
thin films prepared by using DC and AC reactive magnetron 
sputtering techniques decreased with some increase in the 
Co dopant ratio. Moreover, in other work carried out in the 
literature, Glass/F: SnO2/CdS/CuO/Ag heterojunction solar 
cell structure was successfully fabricated using magnetron 
sputtering, in which CuO acted as an absorber layer. The 
absorption coefficient (α  >  105cm−1) of this layer was found to 
be quite high. It was reported that the F:SnO2 films were 
observed to be quite transparent (Tr  >  90%), possessing a 
band gap of ∼3.45eV [20]. In another study, CuO thin films 
with an energy band gap of 1.47eV were produced using the 
spin coating technique. The prepared CuO thin films were 
optimised by the Taguchi model, and this led to improvement 
in optical properties. The findings of this study suggested that 
CuO thin films could potentially be used as solar cell 
absorbers in photovoltaic devices [21]. 

Nowadays, simulation software has been employed to 
determine the solar cells’ efficiency courtesy of layers 
constructing solar cells, which have some crucial effects. One 
of the most employed software in this area is SCAPS-1D. 
SCAPS-1D is a package program that computes Photovoltaic 
(PV) parameters of solar cells by employing physical 
parameters, such as; dielectric permittivity, energy band gap, 
the electron affinity of layers comprising a solar cell, thin film 
thickness, the work function of contacts, etc. as input data 
[22, 23]. Based on parameters such as the Auger 
electron/hole capture coefficient, operation temperature, and 
interfacial defect density [24], solar cells' PV parameters can 
be determined, and therefore, a reliable estimate can be 
reached on the solar cell’s performance. The physical 
properties and phase formations of CuO thin films have been 
affected by changing the production conditions (such as 
sulphur content or partial pressure, duration and temperature) 
of the desulphurisation process [25]. This work aims to 
investigate the photovoltaic parameters that would improve 
the efficiency of a solar cell. Thus, the main motivation behind 
this work is the hope for utilising undoped and doped CuO 
thin film materials for photovoltaic applications and 
contributing to the limited current literature. 

Structural, morphological and optical properties of thin films 
obtained have been studied by carrying out several 
techniques employing X-Ray diffraction (XRD), Scanning 
electron microscopy (SEM) and UV-Vis spectrophotometry 
(UV-Vis), respectively. In this work, undoped and Ag-doped 
CuO thin films have been produced by means of the spin 
coating technique. Moreover, Ag/undoped CuO and Ag-
doped CuO/ZnO/AZO solar cells have been modelled, and 
their PV parameters have been calculated using the SCAPS 
simulation program.  

2. EXPERIMENTAL  

In order to deposit Ag-doped CuO thin films on a glass 
substrate by employing the spin coating technique, they were 
first dissolved in ethanol using 0.1M copper(II) acetate 
(Cu(CH3COO)2•H2O) and 0.01M silver nitrate (AgNO3). 
These solutions were vibrated at room temperature for 24 
hours to obtain a homogeneous solution. Then, solutions 
attained were added to Cu solution at Ag ratios of 0 and 1% 
and vibrated again at room temperature for 3 hours. Prior to 
deposition on the glass substrate, the substrates must first be 
5:1:1 H2O, NH3 and H2O2 for 15 minutes at 90°C and then 
5:1:1 H2O, H2O2 and HCl mixture under the same conditions 
to obtain a clean and homogeneous film. Then, cleaned 
substrates were vibrated in acetone and ethanol for 3 
minutes, respectively, and after these processes, cleaned 
substrates were treated with distilled water and then dried 
under N2 gas to remove the water from the surface. In order 
to obtain four different concentrations of Ag-doped CuO thin 
films, solutions were deposited on glass substrates for 65s in 
a spin coating device set at 2000rpm for a total of ten layers. 
Each thin film layer was preheated at 200°C for 10 minutes 
on a hot plate to obtain a homogeneous thin film during the 
deposition process. After the processes mentioned above 
were completed during the preparation of films, all of the films 
were annealed in the air for 1 hour in an oven that was 
gradually brought to 500°C. Rigaku Ultima III diffractometer 
(XRD: Cu Kα radiation, λ=1.540056Å) instrument (Rigaku, 
Ultima III, XRD) was employed to analyse the structural 
properties of films obtained. Thin films’ surface properties 
were analysed using a scanning electron microscope device, 
and thin films’ energy band gap and transmittance values 
were calculated over a wavelength range of 300-1100nm 
using a spectrophotometer (Shimadzu, UV-3600, UV-Vis). 

3. RESULTS AND DISCUSSIONS 

3.1. XRD and SEM 

Ag-doped CuO thin films’ structural properties were 
determined using XRD spectroscopy. Figure 1 shows the 
XRD spectrum of Ag-doped CuO thin films prepared at 
different concentrations (0 and 1%) by spin coating 
technique. Except for peaks of CuO (for example, Cu2O or 
silver oxide), no peaks were observed, indicating that the 
films obtained were homogeneous. When the figure is 
examined, it is seen that there are two large peaks with a 
tenorite structure of polycrystalline nature, located at 
approximately 35.5o and 38.6o with orientations (002) and 
(111), respectively. In addition, dhkl values of these peaks are 
approximately 2.52Å for 35.5o and 2.32Å for 38.6o. In addition 
to these two large peaks, there are also some other peaks 
with tenorite structures of (-202) and (022) around 48.92o and 
66.06o, respectively. When the figure is examined, it is seen 
that the intensity of the (002) and (111) peaks are high, and 
peak positions for (002) remain almost the same, but there is 
a small change for (111). 
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Figure 1: XRD patterns of undoped and 1% Ag doped CuO thin 
films. 

Das ve Alford [26] stated that the position of peaks obtained 
in their Ag-doped CuO studies remained almost the same for 
(111) and changed little for (-111). The position of the peaks, 
full width at half maximum (FWHM), dislocation density (δ) 
and crystal size (D), diffraction angle (2θ) from XRD 
spectrum, and inter plenary distance (d) were calculated as a 
function of concentration and shown in Table 1, the detailed 
calculations and formulas are presented elsewhere [27]. 

The surface morphologies of obtained thin films are very 
significant for analysing the surface properties of thin films. 
Figure 2 displays SEM images of CuO thin films with 0 and 
1% Ag concentrations grown using the spin coating method. 

It is seen that the films have an almost flat and homogeneous 
surface, although there are very few defects, such as cracks 
and voids, as shown in the figure. Samples obtained appear 
to be relatively smooth and more homogeneously dispersed 
with little agglomeration to the substrate used. It can be seen 
that there is a difference in CuO morphology as they tend to 
be hemispherical nanostructured films with more 
homogeneous distribution and small agglomeration. Jabbar 
stated that CuO, which he synthesised using sol-gel and 
chemical precipitation methods, has similar surface 
properties [28]. This suggests that the surface morphologies 
of produced CuO thin films in this study are in good 
agreement with previous studies. 

3.2. Optical Properties of Undoped and Ag-Doped CuO 
Thin Film 

According to the absorption spectrum represented in Figure 
3a, it can be clearly said that Ag-doped CuO thin film absorbs 
more photons over a spectral range from Vis to NIR regions, 
while it absorbs fewer photons in the UV region compared to 
non-doped thin films. The optical energy band gap (Eg) for 
the undoped CuO and Ag-doped CuO thin films can be 
determined by the Tauc formula (Eq. (1)): 

!h" = #(h" $Eg )
1/2            (1) 

where β is an energy-independent constant and hv is photon 
energy. As seen in the Tauc plot in Figure 3b, direct energy 
band gaps (Eg) of undoped and Ag-doped CuO thin films 

Table 1: XRD Data of Ag-Doped Thin Films Annealed in Air at 500o 

 2θ 
(Degrees) 

FWHM 
(RadianX10-4) 

D 
(nm) 

d (Experiment) 
(Å) 

d (Teory) 
(Å) 

δ 
(1014m2) 

ε 
(x10-3) 

Orientation 

0% Ag:CuO 
0.33 
0.29 

57.6 
50.6 

26.4 
30.4 

2.52 
2.32 

2.52 
2.32 

1.43 
1.08 

4.5 
3.6 

002 
111 

1% Ag:CuO 
0.33 
0.31 

57.6 
54.1 

26.4 
28.4 

2.52 
2.32 

2.52 
2.32 

1.43 
1.24 

4.5 
3.9 

002 
111 

 

 
Figure 2: SEM images of undoped and 1% Ag-doped CuO thin films, respectively. 
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were calculated as 1.90eV and 1.63eV, respectively. This is 
because the Ag-doped CuO thin film absorbs more photons 
towards to NIR region; the band gap thus is lower than the 
undoped thin film. In addition, Ag atoms may have formed 
some defects at the shallow band gap level, which causes 
the band gap to decrease. 

The absorption coefficient (α) of a thin film is calculated by 
Eq (2) [29, 30]: 

! = 2.303(A /T )             (2) 

Where A and T are the absorption coefficient and thin film 
thickness, the undoped and Ag-doped CuO thin films have an 
average absorption coefficient of 4.106m-1 and 6.106m-1, 
respectively, in the visible region. Moreover, Ag limits the 
diffusion of light, causing some increase in the absorption 
coefficient. 

The extinction coefficient (k) of a thin film is expressed by Eq. 
(3) [31]: 

k = !"
4#

             (3) 

Where α is the absorbance coefficient, λ is the wavelength of 
the photon applied. According to Figure 4, Ag-doped CuO 
thin film shows a high extinction coefficient from visible to 
near-infra-red regions. However, it absorbs fewer photons in 
the UV region, and these findings agree with data in the 

absorption spectrum. The undoped CuO thin film has a more 
stable extinction coefficient ranging from UV to NIR region.  

The refractive index (n) of light has a significant effect on the 
absorption and extinction of light. The refractive index of light 
is expressed by the following Eq. (4) using the Moss relation 
[32]: 

Egn
4 = k             (4) 

Where k is a constant that has a value of 108 eV. Also, n   is 
defined using Eq. (5) by Herve and Vandamme [32].  

n = 1+ A
Eg + B

!

"
##

$

%
&&

2

           (5) 

A and B are constants and have values of 13.6eV and 3.4eV, 
respectively. n (Refractive index) is calculated using Eq. (4) 
and (5) and is given in Table 1. The refractive index is 
calculated by both relations, and it has been noticed that they 
exhibit good compatibility with one another. It can be 
emphasised that the refractive index of thin films increases 
with decreasing band gap. The refractive index can cause the 
light to play an active role in the semiconductor thin film and 
the formation of more photo-excited charge carriers. 
Therefore, a high number of charge carriers can be found in 
Ag-doped CuO thin films, which have a higher refractive 
index. The electric field is created among semiconductors' 
charges and provides an opportunity to define the dielectric 

 
Figure 3: a) Absorbance spectrum and, b) Tauc Plot of non-doped and Ag-doped CuO thin films. 

 

 
Figure 4: a) Absorption and, b) Extinction Coefficient spectrum of undoped and Ag-doped CuO thin films. 
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coefficient. The dielectric coefficient can contribute to the 
easy charge transition in the semiconductor and supports 
some increments in the charge aggregation in the solar cell. 
Eq. (6) and Eq. (7) are used to express the high-frequency 
dielectric constant (ε∞) and the static dielectric constant (εo), 
respectively: 

!" = n
2              (6) 

!o =18.52" 3.08Eg            (7) 

The dielectric coefficients of thin films were found using the 
refractive indices calculated by Moss and Herve and 
Vandemme relations and are given in Table 2. 

3.3. Modelling Ag/Undoped and Ag-Doped CuO/n-Zn/AZO 
Solar Cells using a SCAPS-1D Simulation Program 

SCAPS-1D is a package program that calculates PV 
parameters by using some related physical parameters of 
layers in heterojunction, perovskite, dye-sensitised solar 
cells, etc. [31, 33, 34]. In this study, in order to calculate PV 
parameters of undoped and Ag-doped CuO thin film solar 
cells using the SCAPS-1D simulation program, the thickness 
value, energy band gaps and absorption coefficient spectral 
file for the undoped and Ag-doped CuO thin films produced 
experimentally were used as an input for simulation program 
[24, 35-41]. Apart from these, the other physical parameters 
of layers forming Ag/undoped CuO/n-ZnO/AZO and Ag/Ag 

Table 2: The Energy Band Gaps, Refractive Index, High-Frequency Dielectric and Static Dielectric Constants of Undoped and Ag-
Doped CuO Thin Films 

Moss relation  Herve & Vandemme 
Samples 

Eg 
(eV) n ε∞ n ε∞ 

Static Dielectric 
 Constant, εo 

undoped CuO 1.90 2.74 7.53 2.75 7.58 12.66 

Ag doped CuO 1.63 2.85 8.13 2.88 8.31 13.49 

 
Figure 5: Ag-doped CuO solar cell diagram modelled by the SCAPS-1D simulation program. 

 

Table 3: The Physical Parameter of the Layer Formed the Undoped and Ag-Doped CuO Thin Film Solar Cell 

Layers AZO [42] ZnO [43] CuO [41] Ag doped CuO [24, 35-40] 

Band Gap (eV) 3.3 2.4  1.90 1.63 

Electron affinity (eV) 4.6 4.6 4.2 4.4 

Dielectric permittivity (relative) 9 9 12.66 13.49 

CB effective density of states (cm-3) 2.20x1018 1.80x1018 2.20x1019 2.20x1019 

VB effective density of states (cm-3) 1.80x1019 2.40x1019 5.50x1020 5.50x1020 

Electron/Hole thermal velocity (cm/s) 1.00x107 1.00x107 1.00x107 1.00x107 

Electron/Hole mobility (cm2/Vs) 100/25 100/25 100/25 100/20 

Shallow donor density (cm-3) 1.00x1020 1.00x1018 0 0 

Shallow acceptor density (cm-3) 0 0 1.00x1016 6.5x1016 

Thickness (nm) 100  50 460 460 

Contacts Back Contact (Ag) [31] 

Metalwork function(eV) 4.66 

Surface recombination velocity of electrons (cm/s) 1×107 

Surface recombination velocity of holes (cm/s) 1×105 
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doped CuO/n-ZnO/AZO solar cells (shown in Figure 5) that 
given in Table 3. 

3.3.1. The Energy Band Diagram and the Generation Rate 
of the Undoped and Ag-Doped CuO Solar Cells 

In-band diagrams given in Figure 6, it can easily be seen and 
concluded that there is a slightly different band alignment 
according to energy band gaps of semiconductors formed in 
undoped and Ag-doped CuO solar cells. A Schottky contact 
and non-ohmic behaviour are observed in the back contact 
region for p-type semiconductors in Ag-doped CuO thin-film 
solar cells [44]. In this region, the charges undergo 
recombination, negatively affecting the charge aggregation 
and decreasing Voc value. Both solar cells formed a cliff-like 
band alignment. However, band bending is more pronounced 
in the depletion region of Ag-doped CuO solar cells. In this 
case, a non-ideal conduction band offset could occur 
between Ag-doped CuO and n-ZnO semiconductors. Thus, 
electrons and holes can recombine in the depletion region, 
undesirably affecting the PV performance of solar cells [45]. 

The generation rate-position characteristics of undoped and 
Ag-doped CuO solar cells are demonstrated in Figure 7. 
Since the light comes directly from the AZO layer, photo-
excited charge carriers with a maximum value of 1.49 ×1022 

1/cm3.s were formed in an undoped CuO absorber 
semiconductor close to the depletion region in a solar cell (at 
0.465 µm position) [46, 47]. Since the diffusion of light 
towards the rear contact region decreases, the number of 
photo-excited charge carriers decreases towards this region. 

The generation rate of photo-excited charge carriers at the 
back side of undoped CuO thin film is 2.85×1019 1/cm3.s 
(illustrated in Figure 5a). However, as ZnO and AZO 
semiconductors are transparent semiconductors, the 
generation rate in these semiconductors is very low. Since 
Ag-doped CuO thin film has a high absorption coefficient over 
a spectral region from Vis to NIR region, the generation rate 
in the 0.465 µm region of this thin film is about 1.51×1025 
1/cm3.s (Figure 5b). The generation rate in the back region of 
Ag-doped CuO thin film is about 2.89×1019 1/cm3.s. Due to 
the high absorption coefficient of Ag-doped CuO thin film, the 
number of high photo-excited charges fashioned in the 
depletion region is quite high compared to a non-doped thin 
film. 

3.3.2. The Effect of the Acceptor Density of (Na) of Ag-
Doped CuO thin Film Solar Cell 

Figure 8 illustrates the effect of the acceptor density on PV 
parameters of Ag-doped CuO thin film. Na value represents 
acceptor defects which express hole concentrations that 
increase the p-type conductivity of absorber layers. The 
higher hole concentration reduces the saturation current. 
Also, as a result of doping, the depletion region is narrowed 
where the electrical field increases and charge aggregation 
increases. Therefore, Voc and Jsc values increase as Na 

increases, and this finding is in good agreement with the 
literature [48, 49]. If the Na value is less than 1.0x1016 cm-3 or 
greater than 2.0x1017 cm-3, it can negatively affect the 
efficiency of the solar cell. Thus, when the hole concentration 

 
Figure 6: The energy band diagram of undoped and Ag-doped CuO thin film solar cells. 

 

 
Figure 7: The generation rate-position characteristics of a) undoped and b) Ag-doped CuO thin film solar cells. 
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increases, the diffusion length of the minority charge carriers 
is reduced, resulting in some lower efficiency, as stated by 
Meher et al. [50]. Voc, Jsc, and η values have increased from 
0.08V to 0.1986V, from 13.80mA/cm2 to 32.87mA/cm2 and 
from 0.33% to 0.98%, respectively, FF value has decreased 
from 29.94% to 14.09% while Na value enhanced from 
1.1016cm-3 to 2.1017cm-3 according to Figure 5. However, Ag 
doped CuO solar cell exhibited the highest efficiency of 
1.66%, for Na=6.5x1016 cm-3. Corresponding to this Na value, 
Voc, Jsc, and FF values are 0.179V, 29.95mA/cm2, and 
30.83%, respectively. 

3.3.3. The Effect of the Interface Defect Density (Nt) on 
Undoped and Ag-Doped CuO Thin Film Solar Cells 

Figures 9 and 10 show the effects of Nt value on PV 
parameters of the undoped and Ag-doped CuO thin film solar 
cells, respectively. Defects between undoped/Ag-doped CuO 
and n-ZnO semiconductors behave as charge carriers at 
recombination points. These flaws are situated close to the 
band edges contributing to the recombination of Shockley-
Read Hall (SHR) as the carrier is possibly to reappear back in 
the shallow levels of respective bands [50]. This 
recombination adversely affects solar cell performance by 

reducing charge aggregation at the depletion region. In solar 
cells based on undoped CuO thin films, there was no change 
in PV parameters at Nt values smaller than 109 cm-3, but 
below this Nt value, the magnitude of Jsc, Voc, FF and η 
parameters have decreased [51-53]. This change started 
beyond the value of Nt=1010cm-3. Therefore, Nt=109cm-3 and 
Nt=1010cm-3 interfacial defect densities indicate the 
downstream break point in efficiency for undoped and Ag-
doped CuO solar cells, respectively. When the Nt value is 
increased from 109cm-3 to 1014cm-3, Voc, Jsc, FF and η values 
decrease from 0.267V to 0.100V, from 33.52mA/cm2 to 
16.55mA/cm2, from 35.24% to 24.9% and from 3.16% to 
0.41% for the undoped CuO thin film solar cell, respectively. 
For Ag-doped CuO solar cells, Voc, Jsc, FF and η values 
decrease from 0.179V to 0.174V, from 29.03mA/cm2 to 
17.06mA/cm2, from 30.83% to 19.41% and from 1.66%  
to 0.58%, respectively, when Nt value is increased from 
1010cm-3 to 1014cm-3. If the performances of two solar cells 
are evaluated, it has been observed that Ag doping 
negatively affects the solar cell’s efficiency. As can be seen 
from the band diagrams in Figure 3b, the non-ideal 
conduction band offset between the Ag-doped CuO 

 
Figure 8: The effect of the acceptor density (Na) on photovoltaic parameters of Ag-doped CuO thin film solar cell. 
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Figure 9: The effect of the interface defect density (Nt) on photovoltaic parameters of Ag-doped CuO thin film solar cell. 

 
Figure 10: The effect of the interface defect density (Nt) on photovoltaic parameters of Ag-doped CuO thin film solar cell. 
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Figure 11: The effect of the operating temperature on undoped CuO thin film solar cell’s photovoltaic parameters. 

semiconductor with 1.63eV band and ZnO semiconductor 
with 3.3eV band gap causes recombination in the depletion 
region and adversely affects the efficiency. Moreover, the Ag 
doping element may have caused SHR recombination. 

3.3.4. The Effect of the Operating Temperature on the 
Undoped and Ag-Doped CuO Thin Film Solar Cell 

The climatic conditions of the place where solar cells are 
located have a large influence on the efficiency of solar cells. 
For observing the effect of temperature on the solar cell, 
some change in PV parameters of undoped and Ag-doped 
CuO solar cells between 280 and 360°K temperature was 
examined, as shown in Figures 11 and 12. It has been 
obtained that as the temperature increases, the performance 
of solar cells deteriorates. As the studies revealed, at high 
temperatures, the kinetic energy of electrons upsurges and 
their motion becomes unstable. These unstable electrons 
undergo recombination at trap points [54, 55]. Other studies 
suggest that at high temperatures, the band gap becomes 
narrower, band alignment is disrupted, and recombination 
occurs due to undesired charge transitions [42, 56-58]. In an 
undoped CuO solar cell, Voc, FF and n values decrease 
almost linearly, and Jsc shows some parabolic decrease. But 
in Ag-doped CuO solar cells, Voc and Jsc increase almost 
linearly, and some fluctuations in FF and η values were 

observed. Changes in the maximum output current and 
maximum voltage value can cause these fluctuations. As a 
result, Voc= 0.267V, Jsc=33.51mA/cm2, FF=35.25%, and 
η=3.16% values are values for an ideal non-doped solar cell 
at room temperature, while Voc= 0.1795V, Jsc=29.95mA/cm2, 
FF=30.83% and η=1.66% to Ag-doped CuO solar cell with 
the highest efficiency at room temperature. Accordingly, it 
was concluded that Ag doping negatively affects the 
efficiency of the CuO solar cell in Figure 6f. 

4. CONCLUSIONS 

Undoped and Ag-doped CuO thin films have been 
manufactured courtesy of the spin coating technique. Thin 
films’ structural, morphological and optical properties 
investigated in this work have been carried out by employing 
X-Ray diffraction (XRD), Scanning electron microscopy 
(SEM), and UV-Vis-NIR spectrophotometry (UV-Vis-NIR), 
respectively. Structural analysis suggests that thin films have 
polycrystalline nature with two preferred orientations of (002) 
and (111). The morphology of films is homogeneous based 
on SEM images. Ag-doped CuO thin film absorbs more 
photons from Vis to the NIR region, while it absorbs fewer 
photons in the UV region compared to non-doped thin films, 
based on the absorption spectrum.  
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• The band gaps of undoped and Ag-doped CuO thin 
films have been calculated to be 1.90eV and 1.63eV, 
respectively.  

• Ag-doped CuO thin film has higher absorption and 
extinction coefficients in the visible region compared 
to undoped CuO thin film.  

• Using the SCAPS package program, undoped and 
Ag-doped CuO solar cells have been modelled, and 
their PV parameters have been calculated.  

• While the maximum charge generation at 1.49×1022 

1/cm3.s occurs in undoped CuO solar cells, the 
highest charge formation in Ag-doped CuO solar cells 
is 1.51×1025 1/cm3.s.  

• While Na raised from 1.1016 to 2.1017 cm-3 in Ag-doped 
CuO solar cell, Voc, Jsc and FF values increased, but 
the highest efficiency was reached for Na=6, 5.1016 
cm-3.  

• PV performances of undoped and Ag-doped CuO 
solar cells started to deteriorate after 109 cm-3 and 1010 

cm-3 Nt values, respectively.  

• The purpose of this work was to investigate the 
photovoltaic parameters that would improve the 
efficiency of a solar cell.  

• It has also been pointed out and concluded that the 
operating temperature for solar cells negatively affects 
the efficiency of both types of solar cells. As a result, 
Ag doping has deteriorated the performance of CuO 
solar cells.  

• Therefore, these parameters could be investigated 
experimentally for possible future photovoltaic 
applications.  
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