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Abstract 

The current work focuses on working a comparison between two solar cells made with the combination, n-

TiO2/p-CuO, and n-TiO2/p-Cu2O devices. The structural, optical, and photovoltaic characteristics were 

detailed.  In the optical section, the optical measurements for the TiO2 (120 nm), CuO (200 nm), and Cu2O 

(200 nm) thin films were illustrated, and then the energy of optical transition was calculated based on the 

Tauc formula for each layer. The direct optical gap energies of TiO2, CuO, and Cu2O thin films are 3.24, 1.77, 

and 2.18 eV, respectively. The front contact electrode in both systems is an ITO- coated glass layer, while the 

back contact electrodes are Pt, Ni, Au, Co, Ag, Cu, Al, and Mo. The effect of various metals as back contact 

electrodes on the photovoltaic characteristics of fabricated devices was investigated. The optical and 

structural characteristics showed the superiority of the fabricated device n-TiO2/p-CuO over the fabricated 

device n-TiO2/p-Cu2O. 

Keywords: Thin Films, Optical parameters, n-TiO2/ p-CuO and n-TiO2/ p-Cu2O Solar Cells. 
 

 

1. Introduction  

Generally, photovoltaic (PV) systems are valuable 

sustainable energy resources that have the ability to 

address a variety of worldwide energy problems [1]. The 

demand for modern energy systems is increasing day by 

day as all deployed PV systems in the world had a 

capacity of 480 GW by the end of 2018 [2]. Enhancing 

the performance of photovoltaic (PV) devices is a crucial 

goal that can be achieved by utilizing basic 

semiconductor materials such as metal oxides. The 

majority of these oxides are non-toxic, chemically 

steady, plentiful, and low-cost [2-4]. Metal oxides 

physical and chemical properties must be specified, 

explained, and understood for this reason, as well as 

because they are increasingly used in technology [5-7]. 

Since copper is multivalent, it can form a number of 

oxides, including copper oxide CuO and copper dioxide 

(Cu2O).  These two oxides have distinct characteristics, 

such as color, surface morphology, and the majority of 

their physical properties. Because of their appropriate 

electrical and optical characteristics both oxides are 

being used as potential candidates for photovoltaic 

devices. On the other hand, the bandgap of copper 

dioxide (Cu2O) is 2 eV, which is within a suitable 

window material range, while, the bandgap of copper 

oxide (CuO) is 1.2 eV. This value is making it an ideal 

absorber for photonic devices [8, 9]. In general, Copper 

oxide crystallizes and solidifies in 2 types: cupric oxide 

which recognized as tenorite (CuO), and cuprous oxide, 

also identified as cuprite (Cu2O).  The bandgap of the 

tenorite (CuO) type is between 1.1 and 1.9 eV, and it has 

a monoclinic structure, while the bandgap of the cuprite 

(Cu2O) type is between 2.1 and 2.6 eV, and it has a cubic 

structure. Cu deficient CuO, as well as the copper that is 

abundant with oxygen (Cu2O), demonstrate original p-

type conductivity owing to copper vacancies in the 

monoclinic and cubic structures for such types [10, 11]. 

CuO and Cu2O thin films are commonly utilized in a 

range of applications, including light-emitting diodes, 

energy storage cells, thin-film transistors, super 

capacitors, infrared detectors, photovoltaic devices, and 
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optical stability control, among others [12-16]. CuO thin 

films could also be used in solar cells, photo sensor 

systems, photo catalytic techniques, and elevated 

superconducting compounds [17-19]. Furthermore, CuO 

compounds were also used in diode devices, lithium-

copper oxide electrochemical modules and field 

emission systems, among other applications [14, 17-19]. 

On the other side, owing to the variation in the electrical 

conductivity caused by the reaction of the gas with the 

oxygen adsorbed on the surface, copper oxide-based 

sensors have many uses in the production of gas sensing 

instruments [20, 21]. 

Vacuum annealing for the CuO thin film utilizing the 

standard techniques such as pulsed laser deposition [12], 

chemical vapor deposition [22], and magnetron 

sputtering [23], etc, could generate the Cu2O thin film.  

There were many studies on annealing CuO in air or 

vacuum to produce the Cu2O compound, such as an 

annealing of the CuO sample in a vacuum at 500°C. This 

process was improved the optical transmittance in the 

visible region of the spectrum by 55% and improved the 

electrical performance, thereby increasing the mobility 

of the charges to 47 cm2/Vs[24]. 

There were several methods for preparing copper oxide 

and copper dioxide where the CuO thin films were also 

generated utilizing a variety of techniques, including sol-

gel pathway [25], and microwave technique [26], etc. On 

the other hand, there are several methods and techniques 

for preparing Cu2O and depositing it in form of thin films 

as indicated by the corresponding references [27-31]. 

However, among these techniques, several works were 

reported in which Cu2O was prepared by the method of 

electrodeposition [32-35]. Such last approach is 

appealing due to its flexibility, low cost, and low-

temperature procedure; on the other side, the material's 

composition could be easily fixed, resulting in changes 

in physical properties. Although CuO and Cu2O are 

critical as absorbent layers in solar cells, the yield and 

efficiency of the solar cell are not solely dependent on 

these two oxides; rather, the yield and properties of the 

solar cell are dependent on the contact electrodes being 

ohmic and having a broad working function. The energy 

required to extract electrons from a solid to a point 

completely outside the solid surface in a vacuum is called 

the metal work function [36]. As well, the CuO and Cu2O 

layer are widely used in photovoltaic and solar cell 

systems [37, 38]. 

Briefly, a p–n junction is formed when a Cu2O layer is 

placed on a TiO2 layer. On the other hand, the 

heterojunction generated by meeting TiO2 and CuO 

layers is a promising contender for photovoltaic (PV) and 

photocatalytic applications [39]. As previously stated, 

the layers of Cu2O and CuO are acted as absorber layers 

and are p-type solar cell materials with tiny, direct band 

gaps extending from 2.0 to 2.6 eV for the Cu2O layer [10] 

and 1.0 to 2.1 eV for the CuO layer [11]. TiO2 layer acts 

as an n-type semiconductor with gap energy of more than 

3 eV in heterojunction systems and for this reason, the 

TiO2 layer in these devices is used as a buffer (window 

layer) [1]. As well, the TiO2 layer is well-known for its 

numerous functions and potential as a dye-sensitized 

solar cell material [1,39]. Despite the fact that a variety 

of TiO2/Cu2O and TiO2/CuO solar cells have been 

constructed in a variety of methods, the energy 

conversion efficiency of TiO2/Cu2O heterojunction is 

less than 2%, and TiO2/CuO heterojunction is less than 

20% [40-42]. 

The main impetus for this work is a very important one 

that benefits all researchers in the field of solar cells, 

photovoltaic detectors, and other photovoltaic devices. 

The current work focuses on the pivotal role that front 

and rear contact electrodes play in controlling the 

properties of fabricated solar cells, which is unknown to 

many researchers. The research focused on how to 

control the photoelectric properties of two fabricated 

solar cells by controlling the back contact electrodes of 

these two devices, and the secret lies in the change of 

properties to the difference in the work function of the 

metal used as the back contact electrode, where the 

importance of the work function of the metal lies in 

controlling the electrons emitted from the surface of the 

metal and thus controlling the total current passing 

through the fabricated device. Therefore, the current 

study is a continuation of previous research, but it 

focuses on two fabricated devices, n-TiO2/p-CuO and n-

TiO2/p-Cu2O, at the same time to demonstrate the 

characteristics of each fabricated device in dark and light 

conditions at different back contact electrodes (Pt, Ni, 

Au, Co, Ag, Cu, Al, and Mo), as well as one front contact 

electrode, ITO. Structural and optical properties with 

energy diagrams of the layers comprising the two 

fabricated devices are included to support the study. 

2. Experimental Methodology 

The heterojunctions with the traditional structure of 

(glass/ITO/n-TiO2/p-Cu2O/metal back contact) and 

(glass/ITO/n-TiO2/p-Cu2O/metal back contact) were 

fabricated as shown in Fig. 1. In such a system, CuxO 

(x=1 or 2) layer (200 nm) was deposited on TiO2 thin 

layer (120 nm).  The TiO2 thin layer (120 nm) was 

deposited on the Indium tin oxide (ITO)-coated glass 

substrate (~2 mm). Utilizing a DC alignment and a two-

electrode device, a titanium dioxide, TiO2 layer was 

electrically deposited on indium tin oxide ITO-coated 

glass substrate while the (Pt, Ni, Au, Co, Ag, Cu, Al, and 

Mo) were connected to the CuxO (x=1 or 2) layer (200 

nm). 

The deposition bath of the TiO2 layer was carried out in 

a mixed chemical solution of Titanyl sulfate, TiOSO4 and 

oxalic acid, C2H2O4 with molar concentrations equal to 

0.01 M and 0.02 M for both compounds, respectively in 

a 100 ml beaker. By introducing 18 MΩ Millipore water 
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to the beaker, the final volume was raised to 100 ml. 

Then, a transparent solution was obtained, which was 

composed of a compound called bis(oxalato)oxo-titanate 

(IV) with the chemical formula [TiO(COO)2]. Finally, 

using the described electrochemical deposition bath, the 

TiO2 layer was deposited to the required thickness on 

direct ITO-coated glass substrate which pre-washed with 

soap solution, distilled water and then dipped for 5 min. 

in chromic acid in a beaker to remove the adhesive 

impurities on it. In order to thoroughly remove the 

impurities, the glass substrates were boiled in Millipore 

water and then acetone at the end of the stage before the 

start of chemical deposition. The back contact electrode 

was changed each time with one of the metals used as the 

back contact electrode (Pt, Ni, Au, Co, Ag, Cu, Al, and 

Mo). The back contact electrode was of high purity (~ 

99.999 %) in the form of foil with a thickness of 100 nm 

contacted with the positive electrode of DC bias voltage 

to act as an anode while the glass substrate was externally 

contacted with the negative terminal of the DC bias 

voltage to act a cathode. The positive and negative 

electrodes were placed in the working solution to 

complete the preparation of the chemical preparation 

cell.  The deposition process was performed out at 1.4 V 

and 298 K in an unstirred aqueous solution. On the other 

hand, the deposition material was done in the air for a 15 

min. at 923 K to generate the anatase phase for the TiO2 

layer with a color yellowish white. The thickness of the 

studied films was measured utilized the quartz crystal 

monitor type (FTM4, Edwards). The CuO and Cu2O 

layer were obtained using targets made from metal Cu in 

an atmosphere that contained a combination of highly 

pure argon Ar and oxygen O2 with a purity level up to 

99.999 % for each element. The deposition chamber 

pressure value was less than 3.75 x10-6 Torr. The studied 

solar cells were made by adhering to the metal contacts 

(Pt, Ni, Au, Co, Ag, Cu, Al, and Mo) with silver 

conductive glue as the back contact, which was directly 

connected to the CuxO layer, and the ITO layer as the 

front contact. The thickness of the back and front contact 

was 100 nm. 

The transmittance, T, and reflectance, R, were measured 

utilizing a double-beam spectrophotometer (Jasco V670) 

at normal incidence of light in the wavelength range 

between 300 and 2500 nm. At room temperature, by 

irradiating the bottom side of ITO layer utilizing the light 

beam coming from the glass, under dark and illuminated 

conditions (800mW/cm2), the current density-voltage (J-

V) characteristics of devices were measured with 

Keithley 610 C device. Utilizing an X-ray diffractometer 

(Philips type PW 1710 with Cu as a target and Ni as a 

filter, λ=1.5418 Ǻ), the structural nature of the as-

prepared thin layers was determined. The XRD data were 

measured for phase angle, 2θ between 15° and 120° with 

a scanning step and speed of 0.02°, and 0.06 °/s, 

respectively. The voltage and current applied to the tube 

are 40 kV and 25 mA, respectively. Scanning electron 

microscopy device with type Jeol-((JSM)-T200) was 

used to analyze the surface morphology of the studied 

layers. The chemical composition of the films was 

measured using the standard Energy-Dispersive X-ray 

(EDX) spectroscopy unit attached to the used electron 

microscope. 

 

Fig. 1: Structure diagram of two fabricated devices. 

3. Results and discussion 

3.1 Structural maps 

(EDX) analysis of the first fabricated device, namely, 

TiO2/CuO is portrayed in Fig. 2 for an example. This 

technique shows the consistency of the proportions of the 

elements in the bulk material and the samples in form of 

thin layers. The elemental analysis was carried out the 

presence of Ti, Cu and O and there aren't any other 

foreign elements other than our material. On the other 

hand, the SEM profile of the cross-section of the 

fabricated devices, glass/ITO/TiO2/CuO, and 

glass/ITO/TiO2/Cu2O is incarnated in Fig. 3 (a, b), 

respectively. A transparent mesoporous layer of TiO2 

(120 nm) and a scattering layer of CuO and Cu2O (200 

nm) are observed. EDS chemical maps incarnate the 

distribution of the different elements on the 

photoelectrode as embodied in Fig. 4. As expected, the 

titanium is homogeneously distributed on the film, while 

the oxygen signal is low on the left side of the ITO 

attributed to the silica on the glass substrate. Ti appears 

to be more concentrated in the inner titanium layer in the 

transparent film of TiO2. Finally, it is observed that Cu is 

present in all the right layers, being a little more 

concentrated in the outer layer caused by the CuO and 

Cu2O deposition method, depending on the particles' 

diffusion capacity. EDS mapping suggests that the larger 

particles are trapped in the pores near the surface of the 

film. At the same time, the little ones penetrate deeper 

into the film. 

From another perspective, Fig. 5 (a, b) shows the results 

of examining the fabricated devices using the X-ray 

technique. Both figures show the distribution of the 

components of the fabricated devices in terms of the 
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phase angle. Fig. 6 (a, b) shows the distribution of Miller 

indices as a function of the spectral scatter angle of the 

two fabricated devices. From this figure, it is evident that 

the high Miller indices are found in the high spectral 

scattered regions. On the other side, the distance between 

atomic planes that provide diffraction peaks is called the 

d-spacing. The corresponding d-spacing is associated 

with each peak in the diffraction pattern. The atomic 

plane forms a three-dimensional coordinate system, 

which can be defined as a crystal path. The d-spacing's 

path in terms of phase scattering angle (the angle 

between the incident beam and the scattering plane) is 

illustrated in Fig. 7 (a, b) for both fabricated devices. Its 

relationship with phase angle appears to be a decreasing 

relationship in both fabricated devices. 

 

Fig. 2: EDX analysis of the first fabricated device, TiO2/CuO. 

  

Fig. 3: Cross-section of the fabricated devices: (a) glass/ITO/TiO2/CuO and  (b) glass/ITO/TiO2/Cu2O. 

 

 
Fig. 4: EDS chemical maps incarnate the distribution of the different elements on the photo-electrode. 
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Fig. 5: X-ray check for the fabricated devices. 

  

Fig. 6: The distribution of Miller indices as a function of the spectral scatter angle of the two fabricated devices. 

  

Fig. 7: d-Spacing as a function of the scattering angle for of the two fabricated devices. 
 

3.2 X ray photon spectroscopy (XPS) analysis 

To explain the chemical part of fresh CuO and Cu2O 

(namely, the CuO which annealed at 500 K in vacuum) 

thin films and also to determine the valence state of 

copper, Cu, the X-ray photon spectroscopy (XPS) was 

utilized. To achieve this, the optical photon spectroscopy 

was used using X-rays via a radiation source with energy 

of 1490.4 eV on both oxides. The findings of this 

investigation contributed to the exploration of copper 

ions as well as the binding energy of both oxides (see Fig. 

8 (a, b)). 
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Fig. 8: The X-ray photon spectroscopy (XPS) of CuO and Cu2O layers. 

3.3 Optical aspects 

3.3.1 The optical measurements and Tauc energy 

In the spectral range between 300 and 2500 nm, Fig. 9 

depicts the transmittance and reflectance spectra of TiO2 

(120 nm), Cu2O (200 nm) and CuO (200 nm) layers. As 

shown in Fig. 9, the changes in the optical transmission 

of layers show the shifts of the high energy absorption 

edges to higher wavelengths for TiO2 (120 nm), Cu2O 

(200 nm) and CuO (200 nm) layers, respectively. On the 

other hand, the optical gap energy gE for all layers of 

the solar cell under study was determined using the Tauc 

equation-in the strong absorption region (α >104 cm-1) 

described below [43-45] (see Fig. 10): 

( . ) .( )r

gh C h E  = −                 (1) 

In this equation, C incarnates an optical constant, h  

portrays the photon energy and  represents the 

absorption coefficient in terms of the optical 

measurements (T, R) and the thickness (d) of each layer. 

This quantity is computed by the listed below formula 

[45-48]: 

( )1 2 4 2( ) . (1 ) {(1 ) 4( . ) } .
1

( ) ln[ ]
2.

d R R R T
T

  −  
− + − +  

 
=  (2) 

The determined direct gap energy values for TiO2 (120 

nm), CuO (200 nm), and Cu2O (200 nm) layers are 

arranged in the following order: 3.24, 1.77 and 2.18 eV, 

respectively. Energies of the three layers correspond to 

the energies of these layers which have been determined 

in previous studies and are included in the corresponding 

references [37-42, 48]. 

In a related context, the energy positions of the studied 

devices are computed utilizing the following equations 

[48]: 

( )0.5CB C gE E E= − +                                           (3) 

( )0.5VB C gE E E= − −                    (4) 

1

( ) .
2 2

x y x y

EA Ion EA Ion
x y

A B

E E E E
A B

+ + +   
=          

 (5) 

Here: incarnates the electron affinity,  

portrays the ionization energy, and  refers to the 

bandgap energy for each layer as we mentioned. The 

obtained values of and : for Ti are 0.075 and 

6.830 eV [49], and for O are 1.461and 13.621 

eV [50] and these quantities for Cu are 1.235 and 7.729 

eV, respectively [51]. On the other hand, the value of 

is an energy constant and equals to 4.5 eV [52, 53]. 

The energy positions of the TiO2, CuO, and Cu2O layers 

are illustrated in Fig. 11 (a, b) depending on the above 

equations and mentioned values. 

 

Fig. 9: The transmittance and reflectance spectra of 

TiO2 (120 nm), CuO (200 nm), and Cu2O (200 nm) 

layers. 
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Fig. 10: The direct optical gap energy gE according to 

Tauc equation in the strong absorption region. 

 

 

Fig. 11: The energy diagrams of the studied devices. 

3.3.2 Dark (J-V) characteristics  

In the range of (-2V to 2 V), Fig. 12 (a, b) highlights the 

current density as a function of the bias voltage (J-V 

characteristics) applied to the n-TiO2/p-CuO solar cell at 

different back contact electrodes. On the other hand, Fig. 

13 (a, b) presents the paths of current density behavior as 

a function of the applied voltage for the n-TiO2/p-Cu2O 

solar cell. The dark (J-V) characteristics are 

exceptionally beneficial in determining the transport 

mechanisms in the fabricated devices. The rectification 

behavior of the two devices is fully evident in the dark, 

and it is decreased when the back contact electrode is 

changed [54]. The curves are demonstrated diode 

behavior, with the forward path to the negative potential 

on the ITO-coated glass substrate. The creation of a p-n 

heterojunction, in which the boundary at the interface 

restricts forward and reverse carrier flow across the 

interface, where the built-in potential could be created, 

explains this behavior. The development of a depletion 

region between the ITO-coated glass substrate with n-

TiO2 film and a CuO or Cu2O layer with a back contact 

electrode is due to the exponential dependency in the 

lower voltage range for both devices. It is worth noting 

here that the current density-voltage of the fabricated n-

TiO2/p-Cu2O device is lower than that which describes 

the behavior of the generated n-TiO2/p-CuO device. The 

ohmic and Schottky effects of both fabricated devices 

reflect the mechanisms for transporting charge carriers in 

the septum between the sides of the device.The reverse 

current density in two fabricated devices has a slight 

voltage dependency, and the demonstrated voltage 

dependence of the current density is greater than 

expected by pure thermal conduction or the Schottky 

phenomenon at higher reverse voltages. As a result, it's 

possible to suit essentially flat reverse (J-V) 

characteristics across a large voltage range, suggesting 

that carrier production and recombination in the ITO-

coated glass substrate is the predominant source of 

reverse current density [55]. 
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Fig. 12: The dark (current density-voltage) characteristics for the n-TiO2/p-CuO solar cell. 

 

  

Fig. 13: The dark (current density-voltage) characteristics for the n-TiO2/p-Cu2O solar cell. 

3.4 Illuminated (J-V) and (P-V) characteristics 

3.4.1 Illuminated (J-V) characteristics 

Illuminated (J-V) characteristics in the range between -2 

and 2 V are extensively studied at different back contact 

electrodes, (Pt, Ni, Au, Co, Ag, Cu, Al, and Mo) and one 

front contact electrode represented by the ITO-coated 

glass substrate. The aforementioned study included both 

fabricated devices in this work. Fig. 14 (a, b) and Fig. 15 

(a, b) highlight the illuminated (J-V) characteristics of 

both generated devices. It is clear from both figures the 

axial role of the back contact electrodes in controlling the 

circuit opening voltage of the solar cell, which is found 

to be decreased with decreasing the work function of the 

metal used as the back contact electrode. On the other 

hand, it is found that the values of short-circuit current 

density; Jsc is increased in all the fabricated devices. 

When the back contact electrode changes according to 

the work function, the value of short circuit current 

density is changed by around 2.5%. Since this value is so 

large, the effect of changing the back contact electrode 

on the short circuit current density can be noticed as long 

as the temperature and amount of solar radiation remain 

constant for all fabricated devices [56]. The metal does 

not form an oxide layer with the layers it fuses on as the 

work function of the metal increases. As a result, the 

work function for metal is the only parameter that is 

efficient in achieving the direction of reverse bending, in 

which the photo-generated holes can move freely and 

easily to the metal contact electrode while a Schottky 

barrier prevents electron transport. Since platinum has 

the highest work function and molybdenum has the 

lowest work function, the Schottky barrier is higher in 

platinum, Pt, and lowers in molybdenum, Mo, in the 

electrodes used in our current study. Consequently, the 

opening voltage in the case of metal with a high work 

function is higher and decreases with decreasing the 

work function of the metal contact electrode. It can now 

be said that the higher the work function of the metal, the 

higher the open-circuit voltage of the solar cell, and that 

the opposite happens only when a layer of metal oxide 

forms on the surface of the metal contact electrode and 

serves as a blocking layer. It is worth noting here that the 

circuit opening voltage of the n-TiO2/p-Cu2O solar cell is 
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lower than the circuit opening voltage of the n-TiO2/p-

CuO solar cell. This is due to the higher optical gap 

energy of Cu2O (2.18 eV) compared to CuO (1.77 eV). 

This, in turn, makes it difficult for electrons to easily 

move between the valence and conduction bands, thus 

reducing the circuit opening voltage. Observed values for 

the open-circuit voltage of the two fabricated devices are 

included in Table 1.

  

Fig. 14: (a, b) Illuminated (current density-voltage) characteristics for the n-TiO2/p-CuO solar cell. 

  

Fig. 15: (a, b) Illuminated (current density-voltage) characteristics for the n-TiO2/p-Cu2O solar cell. 

3.4.2 Illuminated (P-V) characteristics 

At an input power of 800inP =  mW/cm2 from a light 

source, the power-voltage characteristics of all the 

fabricated devices are illustrated in Figs. 16 and 17.  Such 

figures reflect the illuminated (power-voltage, (P-V)) 

characteristics of n-TiO2/p-CuO and n-TiO2/p-Cu2O 

solar cells in the positive bias (0- 2 V), respectively. The 

open-circuit voltage, OCV  and short-circuit current 

density, SCJ  are the most critical parameters to obtain 

for both fabricated devices. After that, using the 

following equations [57] to calculate the power 

conversion efficiency (PCE) and the fill factor (FF): 

                     (6) 

               (7) 

Here, maxV , maxJ and maxP are indicated the maximum 

values for voltage, current density, and output power, 

respectively. The calculated values for these quantities 

are listed in Table 1. It is evident from Table 1 that PCE 

and FF for the n-TiO2/p-CuO solar cell are higher than 

these quantities for the n-TiO2/p-Cu2O solar cell at 

different back contact electrodes. On the other hand, one 

can find that these two quantities decrease as decreasing 

the work function of the metal contact electrode used as 

the back electrode in both the fabricated solar cells. It is 

clear from the table that we were able to create solar cells 

with high power conversion efficiency (PCE) and high 

fill factor (FF). All of the two fabricated devices showed 

good characteristics, with the n-TiO2/p-CuO device 

being more favorable than the n-TiO2/p-Cu2O device. On 

the other hand, fabricated solar cells of each type excel 

when the back contact electrode is platinum compared to 

other fabricated solar cells when using other back 

electrodes. The behavior of the parameters in the case of 

studying the characteristics in light for both fabricated 
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devices at different back contact electrodes is related to 

several factors that explained according to an 

experimental data and the general behavior of these 

parameters in other solar cells as follows: 

1- The fill factor, FF is based on the following main 

variables: 

· Since FF is used to measure the squareness of the 

(J-V) graph, a higher voltage solar cell will have a 

higher FF because the rounded portion of the (J-V) 

graph absorbs less energy [58]. 

· The energy conversion efficiency of FF is 

improved by minimizing incident light reflection 

[59]. 

2- The main determinants of open-circuit voltage are as 

follows: 

· Potential difference between the hole transport 

layer and the electron transport layer, assuming 

that these layers make the role of ohmic contacts 

with the transport layer[60]. If it is non-ohmic, it 

will reduce the contact difference voltage, reducing 

solar cell performance [61]. As a result, the lower 

the back contact electrode's work function, the 

more the contact behavior shifts away from non-

ohmic activity and toward the first behavior, also 

known as the Schottky barrier [62]. This, in turn, 

reduces the open-circuit voltage of the solar cell. 

On the other side, the contact potential difference 

has to be close to the energy difference between the 

acceptor's LUMO and the donor's HOMO levels. 

The LUMO level of the electron in the acceptor 

layer has to be lower than those of the donor 

absorber layer by an energy difference larger than 

the exciton depersonalization energy to distinguish 

the electrons and holes in the exciton[63, 64]. 

· In reality, when the photo current density is 

balanced by the dark current density, an open 

circuit is formed. Thus, in addition to selecting the 

best materials for the energy levels, high-quality 

layers must be used to avoid recombination [65]. 

3- The short circuit current density is related to the 

following main parameters:  

· The active layer's absorption efficiency based on 

the front and back contact electrodes, which should 

be extremely efficient on the majority of 

wavelengths for fallen solar rays.  Thus, if the 

absorption coefficient is higher, the photo-current 

density would be higher. We were able to achieve 

a reasonably constant value of short circuit current 

density by keeping the absorption coefficient of the 

layers attached to the two contact electrodes 

without high changed [66]. 

· The thickness of the absorber layers in the solar 

system is the second main factor which must be 

thick enough to absorb the incident solar radiation's 

highest cut-off wavelength [67]. This implies that 

the absorber layer has to be efficient and produce 

excitons in response to solar irradiation. The inner 

quantum efficiency of this factor measures its 

effectiveness. For this, we have made the thickness 

of the thin layers suitable enough to absorb the cut-

off wavelengths and thus ensure that the value of 

short circuit current density remains close to each 

other. 

· A solar cell's short-circuit current density is 

proportional to its light intensity (the number of 

photons). For this reason, the input power of both 

devices was standardized at different rear contact 

electrodes, where, 800inP = mW/cm2. 

· The incident light spectrum was standardized at 

AM1.5 spectrum for both fabricated solar cells. 

Finally, we found that a system with a CuO layer and a 

Pt-back contact electrode would work better as an 

absorber layer in solar cells during photo-conversion 

mechanisms.  

 
Fig. 16: The (Power-voltage) characteristics for the n-TiO2/p-

CuO solar cell. 

 
Fig. 17: The (Power-voltage) characteristics for the n-TiO2/p-

Cu2O solar cell. 
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Table 1: Back contact electrodes, work function (WF) and illuminated parameters of fabricated solar cells. 

The Solar cell 
Back contact electrode 

WF (eV) Jsc (mA/cm2) Voc (V) 
Pmax 

(mW/cm2) 
FF PCE% 

Name Symbol 

n-TiO2/p-CuO 

Platinum Pt 5.6 160.0 1.50 195.37 0.814 24.42 

Nickel Ni 5.15 182.0 1.347 188.10 0.767 23.51 

Gold Au 5.1 203.9 1.187 170.15 0.702 21.26 

Cobalt Co 5 231.9 1.092 139.43 0.551 17.42 

Silver Ag 4.7 257.2 0.962 110.75 0.447 13.84 

Copper Cu 4.65 302.0 0.826 92.52 0.371 11.56 

Aluminum Al 4.4 365.0 0.695 70.92 0.279 8.86 

Molybdenum Mo 4.2 421.8 0.601 57.25 0.226 2.82 

n-TiO2/p-Cu2O 

Platinum Pt 5.6 280.0 0.977 191.46 0.699 23.93 

Nickel Ni 5.15 298.9 0.899 162.53 0.605 20.31 

Gold Au 5.1 324.8 0.832 137.62 0.591 17.21 

Cobalt Co 5 358.9 0.753 113.33 0.419 14.16 

Silver Ag 4.7 374.6 0.707 107.21 0.404 13.41 

Copper Cu 4.65 466.8 0.604 79.92 0.283 9.99 

Aluminum Al 4.4 560.9 0.515 58.61 0.202 7.32 

Molybdenum Mo 4.2 606.2 0.419 27.32 0.107 3.41 

4. Conclusions 

The two devices n-TiO2/p-CuO and n-TiO2/p-Cu2O were 

successfully synthesized. Different back contact 

electrodes (Pt, Ni, Au, Co, Ag, Cu, Al, and Mo) were 

chosen to understand the role played in regulating the 

advantages of the two fabricated devices. ITO layer was 

a front contact electrode with a high working function. 

The optical and structural characteristics showed the 

superiority of the fabricated device n-TiO2/p-CuO over 

the fabricated device n-TiO2/p-Cu2O. It is worth noting 

here that the circuit opening voltage of the n-TiO2/p-

Cu2O solar cell is lower than the circuit opening voltage 

of the n-TiO2/p-CuO solar cell. This is due to the higher 

optical gap energy of Cu2O (2.18 eV) compared to CuO 

(1.77 eV). Therefore, we can say that the use of the 

fabricated device n-TiO2/p-CuO and the follow-up of 

research studies to elucidate more of its advantages will 

positively affect the future of the PV applications. The 

current study proved the pivotal role that the contact 

electrodes play and the work function in controlling the 

properties of solar cells. Since platinum has the highest 

work function and molybdenum has the lowest work 

function, the Schottky barrier is higher in platinum, Pt, 

and lowers in molybdenum, Mo, in the electrodes used in 

our current study. For this reason, we recommend 

carefully choosing the contact electrodes based on the 

ohmic nature of the electrodes and the high work 

function. 
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 مقالة بحثية 

  CuO-p/2TiO-nة المصنعة من للخلايا الشمسي و الكهروضوئية البصرية والخصائص التركيبية  دراسة

 عن طريق تغيير أقطاب التوصيل الخلفية O2Cu-p/2TiO-n و

 2عمار قاسم الخطيبو  *،1مهدي احمد دبان

 اليمن ،6312. ب.، عدن، صعدن ، جامعة العلوم  ، كليةالفيزياء قسم 1
 ، القاهرة، مصر 11884 نصر ، مدينةالأزهر ، جامعة العلوم  ، كليةالفيزياء قسم 2

 mehdi.ahmed.scie@aden-univ.net الباحث الممثلّ: مهدي احمد دبان؛ البريد الالكتروني:* 

 2022سبتمبر   30  / نشر في 2022 يوليو 21 قبل في: /  2022  يوليو 09 استلم في:

 المُلخّص 

والبصرية  مقارنة  إلى  دراسة  ال  تهدف التركيبية  الكهروضوئيةالخصائص  منل  والخلايا  مصنوعتين  شمسيتين    CuO-p/2TiO-n  خليتين 

للخلايا  الخصائص  على  الخلفي  للتوصيل  كهربائية  كأقطاب  المختلفة  المعادن  تأثيروتناولت    .O2Cu -p/2TiO-n و الشمسية    الكهروضوئية 

عبارة عن طبقة زجاجية    الخليتينالأمامي في كلا    وصيلقطب الت كان ال  . الخلايا الشمسية  خواص  تنظيم  في  تلعبه  الدور الذي  وذلك لفهم،  المصنعة

 (. Mo, Al, Cu, Ag, Co, Au, Ni, and Pt) كانت ، في حين أن أقطاب الاتصال الخلفية TIO مطلية بـ

إن    نانومتر(،  002)سُمك    2CuOو    نانومتر(،  200  )سُمك  CuO  ،نانومتر(  120)سُمك    2TiO  القياسات الضوئية للأغشية الرقيقة أظهرت  

 تكون  Tauc على معادلةبناءً  الفجوة الضوئية طاقة قيم ، كما إنمن النوع المباشر هيالاليكترونية المسئولة عن عملية الامتصاص  الانتقالات

p/2TiO-n-جودة الخلية الشمسية المصنعة من    والهيكلية  البصرية  الخصائص  . كما بينتفولت، على التوالي  - إلكترون   2.18و    1.77و    3.24

CuO  بتلك م لذلك متابعةO2Cu-p/2TiO-nالمُصنَّعة من  قارنة  بشكل  مزاياها  من  المزيد  لتوضيح  البحثية  الدراسات  ،   على   إيجابي  سيؤثر 

  خصائص   في التحكم  في  التوصيل المعدنية المختلفة أقطاب تلعبه الذي  المحوري الدور الحالية الدراسة أثبتت. التطبيقات الكهروضوئية مستقبل

 . الشمسية الخلايا

 . 2Cu-p /2TiO-nو   CuO-p /2TiO-nالخلايا الشمسية  ،الخواص الضوئية ،الأغشية الرقيقة :المفتاحيةالكلمات 
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