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Abstract: 1% and 3% Cr-doped CuO thin films have been deposited on soda lime glass by the spin 

coating method, and then their structural, topological, and optical properties have been studied by 
operating X-ray diffraction, scanning electron microscopy and Ultraviolet-Visible spectroscopy 

techniques, respectively. XRD patterns of CuO: Cr (1%) and CuO: Cr (3%) thin films demonstrate 
characteristics of monoclinic CuO structure with a C2/c space group. The morphology of coated film 

plays an important role in analyzing some optoelectronic properties. 1% Cr-doped CuO thin film 

absorbs more photons compared to 3% Cr-doped CuO in Vis and UV regions. The band gaps of 1% Cr 
and 3% Cr-doped CuO thin films are to be 2.18 eV and 2.30 eV, respectively. The Mo/Cr: CuO/SnO2/n-

ZnO/i-ZnO/AZO solar cells have been modeled with the SCAPS-1D simulation program. The 
photovoltaic parameters of solar cells deteriorated with some increase in the neutral defect density 

value. As the shallow acceptor defect density value is increased, short-circuit current density (𝐽𝑆𝐶) is 

decreased, short-circuit current density ( 𝑉𝑂𝐶), fill factor (𝐹𝐹) and efficiency (𝜂) are increased. The 

photovoltaic parameters’ performance of 1% Cr-doped CuO solar cells was found to be better than that 

of 3% Cr-doped CuO solar cells. The efficiency of 1% Cr-doped CuO solar cells is increased with the 
use of a SnO2 intermediate layer in 2 nm thickness at the heterojunction interface. 
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1. Introduction  

The p-type copper oxide (CuO) semiconductor has gained much attention in recent years. As a 

matter of fact, it has presented some attractions in a fundamental way in various areas of science such 

as chemistry, physics, and material science. Due to being a non-toxic, inexpensive, and easily found raw 

copper material, CuO is a promising compound [1]. CuO has a monoclinic structure and small optical 

band gap that varies between 1.56 eV and 2.46 eV [2]. CuO is an exclusive monoxide material for 

significant surveys as well as many practical applications such as photocatalysis [3, 4], lithium batteries 

[5], high-Tc superconductor [6-8], gas sensors [9-11], magnetic storage [12], and solar cell applications 

[13, 14].  Copper oxide has been produced employing numerous methods, including reflux condensation 

[15, 16], chemical bath deposition [2], sol-gel [17, 18], radio frequency plasma-aided pulsed laser [19], 

thermal oxidation [20], electrodeposition [21], reactive DC magnetron sputtering [22], evaporation of 

simple solvent [23] solution casting [24], and spray pyrolysis [25]. The spin coating technique is a 

deposition procedure that has attracted the research community's significant attention.  It has numerous 

advantages, such as low-cost technique, simplicity, adherent production, effectiveness reproducibility, 
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stoichiometry, and homogenous deposition of thin films. Furthermore, it does not need a vacuum or 

sophisticated materials, thus it is very easy to work with. The resistivity of CuO is quite high, and not 

many studies have been carried out to investigate the nature of substrate influence, which is an important 

parameter which reduces the resistivity layer. Therefore, layers of CuO/ glass and CuO/SnO2:F/glass 

were studied to reveal the impact of substrate  nature on CuO thin films’ physical characteristics, 

particularly the investigation of properties related to photovoltaic (PV) applications. 

There can be negative factors such as lattice mismatch, interface states, defects and traps, and 

mismatched band alignment between p- and n-type semiconductors in a heterojunction solar cell. The 

SnO2 intermediate layer can be used to passivate interfacial defects. SnO2 allows electron transfer while 

preventing the transition from the absorber layer to the buffer layer. This allows charge collection and 

increased efficiency in a solar cells [26].  

Zinc oxide (ZnO) samples are a binary semiconductor material that have been extensively studied 

recently due to their excellent electrical, optical, and magnetic properties. They are also highly 

transparent, have a wide energy band gap value, and are nontoxic. These properties have led to extensive 

research [27-30]. ZnO thin films typically display n-type conduction at Zn rich conditions. It was 

happened by a deviation from stoichiometry due to 'intrinsic' donors including, oxygen vacancies, H 

incorporation, and zinc interstitials [29]. On the additional hand, the p-type conduction in zinc oxide is 

usually stated by relatively low hole-mobility and low hole-concentration as well as instability due to 

the deep acceptor-levels of the dopant element.  

Recently, a simulation program employed to determine the solar cell’ efficiency with the use of 

layers that form solar cell has gained significant. One of the most commonly employed programs in this 

area is SCAPS-1D (one-dimensional simulation software) that calculates a solar cell’s PV parameters 

by parameters including energy band gap, dielectric permittivity, thin film thickness, the layers’ electron 

affinity when constructing the solar cells, the contact material’s work function [31, 32]. It was generated 

at the University of Gent in the Electronics and Information Systems’ Department. Depending on Auger 

electron/hole capture coefficient, interfacial defect density, and operation temperature  parameters [33], 

solar cells’ PV parameters can be calculated, and hence, a reliable forecast could be done on the solar 

cell’s performance. 

Doping has a large impact on the structural, electrical and optical properties of CuO film. 

However, a few experimental studies have available on the experimental and photovoltaic calculation 

for solar cells. Thus, to get more light in understanding of the effect of doping ratio and back contact on 

physical properties of Cr:CuO film, more experimental and theoretically studies are necessary. We have 

studied the influences of Cr doping on the structural, topological, optical, and photovoltaic properties of 

CuO film. In this study, 1% and 3% Cr-doped CuO thin films were fabricated by a system of spin 

coating.  1% and 3% Cr-doped CuO thin films’ structural, topological, and optical properties were 

examined by X-ray diffraction (XRD), scanning electron microscopy (SEM), and Ultraviolet-Visible 

spectrophotometry (UV-Vis), respectively. Moreover, by employing SCAPS simulation program, the 

solar cells consisting of Mo/Cr:CuO/SnO2/n-ZnO/i-ZnO/AZO layers were modelled. 

2. Materials and Methods 

Analytical-grade precursor copper (II) acetate (Cu(CH3COO)2.H2O, 0.1 M) and chromium (III) 

chloride (CrCl3.6H2O, 0.01 M) were used in this study. Sufficient CrCl3.6H2O was mixed in the 

Cu(CH3COO)2.H2O to obtain doping concentrations of 1 and 3 at.%, and the liquid dark blue solutions 

were stirred for 5 h at room temperature. Ethanol and diethanolamine (1:10) were used throughout the 

experimental procedures as solvents and stabilizers, respectively. Before the coating fabrication process, 

SLG substrates were firstly boiled in a 5:1:1 deionized water (H2O), ammonia, and hydrogen peroxide 

(H2O2) mix for a time of around 20 min. at a temperature of ~90 OC and in a solution of the same ratio 
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of H2O, H2O2, and hydrogen chloride at the same temperature and time to remove the unnecessary 

impurities on the SLG substrate [18]. The obtained solutions were deposited on SLG substrates to obtain 

1 and 3% Cr-doped CuO films by spin coating method at 1500 rpm for 55 s. After this, the coating thin 

films were annealed for around 60 min in a furnace at ~500 OC. The process of spin coating fabrication 

was optimized for the best fabrication of CuO:Cr thin films, such as the SLG substrate temperature being 

fixed at 230 OC. The coated CuO:Cr films were subjected to characterization using advanced techniques. 

In order to investigate the crystallite parameters, purity, and phase of films, an XRD (Cu-Kα source with 

wavelength of around 0.154 nm for 𝜃– 2𝜃 range in the steps of 0.02º) was used. The surface morphology 

of the coated Cr:CuO thin films on the soda lime glass (SLG) substrate was studied by scanning electron 

microscope (a Quanta FEG 250 scanning electron microscope). UV-Vis spectrophotometer (Shimadzu 

UV-3600, Tokyo, Japan) was used to calculate the absorption data and energy gap in a wavelength range 

of 300–1100 nm at room temperature. Moreover, 1% and 3% Cr-doped Mo/CuO/n-ZnO/i-ZnO/AZO 

solar cells have been theoretically modelled and the PV parameters of solar cells have been analysed 

using SCAPD-1D simulation program. 

3. Results and Discussion 

Figure 1 indicates that XRD patterns of Cr:CuO (1%) and Cr:CuO (3%) thin film demonstrate a 

characteristic monoclinic CuO structure with a C2/c space group. The diffraction peaks at (-111), (111), 

(-202), (020), (-311), and (113) are indexed to CuO phase (JCPDS 05-6661). The observed peaks in the 

high-intensity diffraction spectra suggest that thin films belong to crystallized CuO. Further, the doping 

ratio changes the XRD pattern of the coated thin film, stating that there is a change of structure in doping 

in the Cr (1%) and Cr (3%). It can be noticed that the increasing Cr ratio in CuO has made the main 

peaks more intense.  

 

 

Figure 1. XRD pattern of 1% Cr and 3% Cr-doped CuO thin films. 

 

Our previous study indicates the detailed diffraction information collected from XRD data, 

including peak orientations (hkl), micro- strain (ε), crystallite size (𝐷), dislocation density (δ), and value 

of inter-planar spacing (𝑑) for (-111) and (111) peaks [18]. The results of the previous study indicate 

that the crystallite parameters changed due to an increase in Cr ratio. The change in the crystallite 

parameters by doping metals into CuO has been earlier reported by different research groups [34-36] 

and matched with our work. 
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Figure 2. SEM image of a) 1% Cr and b) 3% Cr-doped CuO thin films. 

 

Figure 2 represents the SEM of Cr:CuO (1%) and Cr:CuO (3%) thin films. The topology of coated 

film plays an important role in analyzing its optoelectronic properties. An agglomerated morphology 

can be seen in Figure 2a, whereas a flaky morphology can be realized in Figure 2b. CuO thin films 

doped with 1% Cr appear slightly different from CuO thin films doped with 3% Cr doping, which is 

supported by the XRD spectrum. Cr:CuO (1%) and Cr:CuO (3%) thin films exhibit a visible aggregation 

of particles, showing a little variation in the development of CuO thin films, as shown in the XRD 

spectrum of thin films. Nanoparticles having the appearance of a flaky ribbon have been widely 

dispersed over the surface of the substrate, forming a homogenous thin film. These surfaces, which came 

about as a result of doping CuO thin film, are anticipated to exhibit exceptional optoelectronic 

capabilities. Dinc et al. indicated that the surface remains homogeneous despite minor clumping caused 

by Cr-doping. Because of the mild doping, the change in crystallite size is not considerable [37]. 

3.1. The properties of 1% and 3% Cr-doped CuO thin films  

1% Cr-doped CuO thin film absorbs more photons compared to 3% Cr-doped CuO in the visible 

and UV regions in Figure 3a. The crystallite size of 1% Cr-doped CuO thin film is larger than the 

crystallite size of 3% Cr-doped CuO thin film, allowing lighter to be absorbed in thin film while limiting 

its transmission. This shows that 1% Cr-doped CuO thin film is more ideal for use as an absorber layer 

in PV fields. According to Tauc Plot in the Figures 3b and 3c, the band gaps of 1% Cr and 3% Cr-doped 

CuO thin films are to be 2.18 eV and 2.30 eV, respectively [18]. Doping with 1% Cr may create shallow 

defects in the valence band of CuO, which can lead to a decrease in the band gap. 
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Figure 3. a) The absorbance spectrum b) Tauc plot of 1% Cr and c) 3% Cr-doped CuO films. 

The absorption coefficient (α) of a thin film is expressed by Equation (1) [38]: 

𝛼 = 2.303 ∗ (
𝐴

𝑊
)                                                                                                                       (1) 

𝐴 is the absorbance and 𝑊 is the thin film thickness. 1% Cr-doped CuO thin film indicates a 

higher absorption coefficient in the Vis and UV regions compared to 3% Cr-doped CuO thin film, as 

seen in the inset of Figure 3a.   
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3.2. Modelling of Mo/Cr:CuO/SnO2/n-ZnO/i-ZnO/AZO thin film solar cells 

In this study, SCAPS-1D simulation program [39] was used to model Mo/Cr: CuO/SnO2/n-ZnO/i-

ZnO/AZO thin film solar cells as seen Figure 4. In order to model and calculate the electrical parameters 

of solar cells, the electrical data of all semiconductor layers (given in Table 1) forming the solar cells 

are input to the program. Experimental data such as band gap, film thickness, absorption coefficient of 

CuO file (in insert square in Figure 3a) and Cr-doped CuO semiconductors, and values of other layers 

in literature were used. 

 

 

Figure 4. a) The diagram image and b) the modelled view of Mo/Cr:CuO/SnO2/n-ZnO/i-ZnO/AZO 

solar cells. 

 

Table 1. The electrical parameters of semiconductor layers formed Mo/Cr:CuO/SnO2/n-ZnO/i-

ZnO/AZO solar cells. 

Layers AZO[40] i-ZnO [41] n-ZnO SnO2 Cr:CuO [42, 43] 

Band Gap (eV) 3.3 3.3  3.3 36 2.18/2.30 

Electron affinity (eV) 4.6 4.6 4.6 4.5 4.07 
Dielectric permittivity 

(relative) 
9 9 9 13.6 11.40/11.43 

CB effective density of 

states (cm-3) 
2.20x1018 2.20x1018 2.20x1018 2.20x1018 2.20x1019 

VB effective density of 

states (cm-3) 
1.80x1019 1.80x1019 1.80x1019 1.80x1019 5.50x1020 

Electron/Hole thermal 

velocity (cm/s) 
1.00x107 1.00x107 1.00x107 1.00x107 1.00x107 

Electron/Hole mobility 

(cm2/Vs) 
100/25 100/25 100/25 100/25 100/20 

Shallow donor density 

(cm-3) 
1.00x1020 1.00x105 0 0 0 

Shallow acceptor 

density  

(cm-3) 
0 0 1.00x1018 1.00x1016 1.0x1016 

Thickness (nm) 100  100 50 50 380 
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3.2.1 The effect of the acceptor shallow density (𝑵𝒂) in Cr:CuO semiconductors on the PV 

parameters of solar cells 

Acceptor defects improve the p-type electrical properties of semiconductors. It prevents the 

recombination of photo-excited charge carriers and increases the number of charge carriers in 

semiconductors. Thus, a faster and more intense charge transfer takes place in the depletion region. The 

electrical field increases in the depletion region, and the amount of charge accumulation at the sides 

increases. Thus, an increase in 𝐽𝑆𝐶 and 𝑉𝑂𝐶 value of solar cells occurs [28]. 

  

 

Figure 5. a) (𝑉𝑂𝐶 − 𝐽𝑆𝐶), b) (𝜂 and 𝐹𝐹) vs 𝑁𝑎, and c) 𝐽 − 𝑉 for 1% Cr-doped CuO semiconductor. 

 

The 𝑁𝑎 dependent (𝑉𝑂𝐶 − 𝐽𝑆𝐶), (𝜂 and 𝐹𝐹) curves and 𝐽 − 𝑉 characteristics of 1% Cr-doped CuO 

solar cells modelled in this study are given in Figure 5a, 5b and 5c, respectively. As 𝑁𝑎-increased, 𝑉𝑂𝐶 , 

𝜂 and 𝐹𝐹 values increased [44], but 𝐽𝑆𝐶  decreased [45]. Wanda et al indicated that there is a significant 

potential barrier at the CZTS/Molybdenum interface, as evidenced by the recombination current density 

at the back-contact, which is estimated to be 3.6 mA/cm2 [46].This situation can be explained as follows: 

Some of the photo-excited charge carriers can be trapped by these acceptor defects, and this may cause 

a decrease in the photocurrent and 𝐽𝑆𝐶  values. However, since the size of electrical field in the depletion 

region will cause charge separation, it will increase the charge accumulation at the boundaries of the 

depletion region and lead to the other PV values to increase [38, 47]. As 𝑁𝑎 increases from 9.5×1015 cm-

3 to 7.5×1016 cm-3, 𝐽𝑆𝐶 , 𝑉𝑂𝐶 , 𝐹𝐹 and 𝜂 parameters of 1% Cr:CuO solar cells changed from 31.85 mA/cm2 

to 29.23 mA/cm2, from 0.604 mV to 0.642 mV, from 49.48% to 57.49%, and from 9.53% to 10.79%, 

respectively. Adewoyin et al. reported that with an efficiency of 9.39%, the composition ratio of 

Cu2ZnSn0.8Ge0.2S4 produced the best 𝐽– 𝑉 characteristics of the top cell, which is lower than our 

calculated value [40].  

The solar cell has shown the highest power conversion efficiency for 𝑁𝑎 =7.5×1016 cm-3. 

According to the curves in Figure 6, when the value of 𝑁𝑎 increased from 9.5×1015 cm-3 to 5×1016 cm-3, 

𝑉𝑂𝐶 , 𝐽𝑆𝐶 , 𝐹𝐹 and 𝜂 values of 3% Cr:CuO solar cells have been changed from 26.01 mA/cm2 to 23.92 
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mA/cm2, from 0.552 mV to 0.571 mV, from 51.55% to 57.7% and from 7.41% to 7.9%, respectively. 

Thus, 3% Cr:CuO solar cells exhibits the lower efficiency compared to 1% Cr-doped CuO solar cells. 

3% Cr:CuO thin film contains more defects than the other. Also, since 3% Cr-doped CuO thin film 

absorbs fewer photons, fewer photo-excited charge carriers are formed in the film, resulting in lower 

efficiency of solar cells. 

 

  

 

Figure 6. a) (𝑉𝑂𝐶 − 𝐽𝑆𝐶), b) (𝜂 and 𝐹𝐹) vs 𝑁𝑎, and c) 𝐽 − 𝑉 for 3 % Cr: CuO semiconductor. 

 

3.2.2 The effect of the neutral interface defect density (𝑵𝒕) in 1% Cr-doped CuO semiconductor 

on the PV parameters of the solar cells 

The defects located between the absorber layer and the buffer layer in the solar cell significantly 

affect the efficiency of the solar cell. Factors such as lattice mismatch of semiconductors in 

heterojunction, mismatched band alignment, bond hanging, and doping in the depilation region can 

cause interface defects [48]. These defects can act as recombination points for electron and hole pairs. 

The charge transitions are limited by being positioned close to the band edges. Therefore, with 

increasing defect density, charge accumulation in the depletion region of solar cells decreases, and this 

causes a decrease in PV parameters [33, 38, 39].  
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Figure 7. a) (𝑉𝑂𝐶 − 𝐽𝑆𝐶), b) (𝜂 and 𝐹𝐹) vs 𝑁𝑡, and c) 𝐽 − 𝑉 for 1% Cr:CuO semiconductor. 

 

In this study, since %1 Cr-doped CuO solar cell exhibits higher efficiency, efficiency 

improvement studies have been carried out on this solar cell. The 𝑁𝑡   (neutral defect density) dependent 

(𝑉𝑂𝐶 − 𝐽𝑆𝐶), (𝜂 and 𝐹𝐹) curves and 𝐽 − 𝑉 characteristics of 1% Cr-doped CuO solar cells have been 

modelled in the study and are given in Figure 7a, 7b and 7c, respectively. While 𝑁𝑡  increases, all 

electrical parameters of the solar cells decrease. So, 𝑁𝑡   rises from 1.0×1010 cm-3 to 5×1016 cm-3, (𝑉𝑂𝐶 −

𝐽𝑆𝐶), (𝜂 and 𝐹𝐹) values of 1% Cr-doped CuO solar cells have been decreased from 29.23 mA/cm2 to 

27.54 mA/cm2, from 0.642 mV to 0.291 mV, from 57.49% to 36.75% and from 10.79% to 2.95%, 

respectively. 1% Cr-doped CuO solar cells has shown the highest power conversion efficiency for 

𝑁𝑡  =1.0×1010 cm-3. 

3.2.3 The effect of the SnO2 layer on the PV performance of 1% Cr:CuO solar cells  

According to the band diagram of 1%Cr-doped CuO solar cells in Figure 8a, a cliff-like band [42] 

was formed between the 1% Cr-doped CuO and the n-ZnO heterojunction. A cliff-like conduction band 

offset leads to trap state-assisted recombination. This causes the charge carriers to decrease and 𝐽𝑆𝐶  value 

to deteriorate. In this study, to overcome this problem, a SnO2 ultrathin intermediate layer in the 3.6 eV 

band gap [42] that was placed between as shown in the band diagram in Figure 8b. The SnO2 layer 

partially forms a spike like conduction band offset, optimizing conduction band alignment. It prevents 

recombination caused by trap states at the interface [26, 49]. Therefore, SnO2 blocks the hole charges 

away from the ZnO buffer layer, which acts as an electron selector for the 1% Cr:CuO active layer as 

seen in Figure 8c, in order to passivate the interface states. 
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Figure 8. a) The band diagrams of 1% Cr: CuO/n-ZnO, b) 1% Cr: CuO/SnO2/n-ZnO solar cells and     

c) the charge transfer in 1% Cr:CuO solar cells with SnO2 intermediate layer. 

 

  

 

Figure 9. a) (𝑉𝑂𝐶 − 𝐽𝑆𝐶), b) (𝜂 and 𝐹𝐹) vs SnO2 layer thickness graphs and c) 𝐽 − 𝑉 characteristics 

dependent SnO2 layer thickness for 1% Cr-doped CuO semiconductor. 

 

Figure 9 show that (𝑉𝑂𝐶 − 𝐽𝑆𝐶), (𝜂 and 𝐹𝐹) vs SnO2 layer thickness graphs and 𝐽 − 𝑉 

characteristics-dependent SnO2 layer thickness (for 2 nm and 12 nm) for 1% Cr:CuO semiconductor.  

For the solar cells with SnO2 layer thickness of 2 nm, (𝐽𝑆𝐶 =32.9 mA/cm2, 𝑉𝑂𝐶 =0.615 mV, 

𝐹𝐹 =54.99% and 𝜂 = 11.09% while 𝐽𝑆𝐶 =29.23mA/cm2, 𝑉𝑂𝐶 =0.642 mV, 𝐹𝐹 =57.49% and 
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𝜂 =10.79% to solar cells without SnO2 layer. Sun et al. indicate that CZTS solar cells with SnO2 

intermediate layers have an improved overall efficiency of 6.82% to 8.47% due to their higher 𝑉𝑂𝐶  of 

657 mV and 𝐹𝐹 of 62.8% when compared to their counterpart cells without the SnO2 intermediate layer, 

which have 𝑉𝑂𝐶  of 638 mV and 𝐹𝐹 of 52.4% [30]. As stated above, SnO2 layer provided the ideal charge 

transition in the band structure. Thus, the photo-excited charge carriers in the depletion region contribute 

to charge aggregation at the edges and do not adversely affect the shunt resistance, resulting in higher 𝐽𝑆𝐶 

and efficiency values. However, although SnO2 layer thickness of 2 nm is low, it can cause a large 

electrical field in the depletion region and trap states for charge carriers in the band gap. This causes 

𝑉𝑂𝐶  and 𝐹𝐹 values to be slightly lower. However, the high 𝐽𝑆𝐶  value resulted in higher efficiency 

compared to 𝜂 value of solar cells without SnO2 layer. As SnO2 film thickness increases from 2 nm to 

12 nm, 𝐽𝑆𝐶 , 𝑉𝑂𝐶 , 𝐹𝐹 and 𝜂 values of 1% Cr-doped CuO solar cells with SnO2 layer decreases from 32.87 

mA/cm2 to 32.45 mA/cm2, from 0.613,6 mV to 0.613,1 mV, from 54.99% to 53.97% and from 11.09% 

to 10.74%, respectively. The higher thickness of SnO2 layer reduces the electrical field in the depletion 

region and may limit charge separation. Thus, in interfacial trap states, charge carriers may undergo 

recombination resulting in degradation of PV performance. 

4. Conclusions 

In this study, 1% and 3% Cr-doped CuO thin film has been produced by spin coating system.  

XRD spectra indicates that all of thin films coated had a polycrystalline nature, with preferential (-111) 

and (111) orientations. Cr doping ratio changes XRD pattern of thin film coated and increments in Cr 

ratio in CuO have made the main peaks more intense. SEM images reveals that the agglomerated 

morphology can be seen in CuO:Cr (1%), whereas flaky morphology can be seen in CuO:Cr (3%). 1% 

Cr-doped CuO thin film absorbs more photons compared to 3% Cr-doped CuO in Vis and UV regions.  

The band gaps of 1% Cr and 3% Cr-doped CuO thin films have been determined to be 2.18 eV and 2.30 

eV, respectively. Using the SCAPS simulation program, the solar cells consisting of Mo/1% and 3% Cr-

doped Mo/Cr:CuO/SnO2/n-ZnO/i-ZnO/AZO layers have been modelled. With some increases in 𝑁𝑡 

neutral defect density, all PV parameters of these solar cells deteriorated. However, 1% Cr-doped CuO 

solar cells performed better than 3% Cr:CuO solar cells. With the increase of 𝑁𝑎 acceptor defect density, 

while 𝐽𝑆𝐶 value decreased, 𝑉𝑂𝐶 , 𝐹𝐹 and 𝜂 values of 1% Cr-doped CuO solar cells increased. At the 

interface, SnO2 intermediate thin layer with thickness between 2 nm and 12 nm that was put on the 

interface to passivate the defect, trap structures, and to provide ideal charge transfer (hole and electron).  

The solar cells with SnO2 intermediate layer at 2 nm thickness showed higher 𝐽𝑆𝐶 , 𝐹𝐹 and 𝜂 values 

compared to solar cells without any intermediate layer.  
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