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Abstract
In the present work, titaniumdioxide (TiO2) is sandwiched as a buffer layer between n-type
aluminum-doped zinc oxide (AZO) and p-type cuprous oxide (Cu2O), increasing the efficiency of
metal oxide-based solar cells. The effects of the device parameters such as thicknesses, carrier
concentrations, and defect densities were investigated by numerical simulation to obtain optimal
performance of Cu2O-based solar cells. Ourfindings reveal that by the incorporation of TiO2 thin
film, the efficiency of the solar cell increases remarkably from2.54 to 5.02%. The optimal thicknesses
of theCu2O andTiO2 layers are in the range of 10μmand 0.1μm, respectively.We obtained optimal
photo-electric conversion efficiency of 10.17%and open-circuit voltage of 1.35Vwhile achieving
8.90mA/cm2 short-circuit current density and 84.12%fill factor, using structure parameters of 0.2
μmAZO, 0.1μmTiO2 and 10μmCu2Owith optimal acceptor-type dopant density inCu2Oof 1E17
cm−3 and donor-type dopant density in TiO2 of 1E18 cm

−3.

1. Introduction

Metal-oxide semiconductors have attractedmuch interest in various applications as they are formed fromnon-
toxic elements that are abundant on Earth and they benefit from good chemical stability and lowmanufacturing
cost [1–3]. Among these oxides, cuprous oxide (Cu2O) is considered as one of themost promising p-type
semiconductormaterials, particularly for photovoltaic applications, thanks to its native p-type semi-
conductivity, its highmajority carriermobility, and its optical transparency [4–6]. As a result, over the past
decade,manyCu2O-based solar cells that incorporated various n-type semiconductors with large band gap
energy, such as aluminum-doped zinc oxide (AZO), have been fabricatedwith a power conversion efficiency
(PCE) between 0.24% and 3.21% [7–11]. Despite efforts to fabricate high-performance Cu2O/AZO
heterojunction solar cells, the achieved efficiencies remain significantly lower than the theoretical limit of 20%,
based on theCu2Oband gap [12]. Additionally, the obtained fill factor and open circuit voltage are also too low.
Studies have shown that themain reason for the low efficiency lies in the offset between the conduction band of
AZO andCu2O [13]. Furthermore, recombination losses at the heterojunction interface can harm solar cell
efficiency [14]. Therefore, various buffer layers have been proposed betweenCu2O andAZO layers to reduce
interfacial recombination and enhance band alignment across the heterojunction [15–20]. ACu2O/AZO-based
heterojunction solar cell fabricatedwith a buffer layer ofβ-Galliumoxide (Ga2O3)was reported byMinami et al
with an efficiency of 5.38% [13]. In a recent study, based on one-dimensional simulation and employing 200μm
ofCu2O supported by different buffer layers, namely ZnO, AGO, andZnGeO,Naceur et al have demonstrated
improvements in efficiency from4.26 to 8.72% [20]. To build a p-n junctionwith the p-typeCu2O layer, an
n-type character in the buffer layer is desired. In addition, awide energy band gap is required tominimize the
absorbance of the incident light.

RECEIVED

18November 2022

REVISED

3April 2023

ACCEPTED FOR PUBLICATION

5April 2023

PUBLISHED

17April 2023

© 2023 IOPPublishing Ltd

https://doi.org/10.1088/2631-8695/accacf
https://orcid.org/0000-0002-3183-4054
https://orcid.org/0000-0002-3183-4054
https://orcid.org/0000-0002-6702-9444
https://orcid.org/0000-0002-6702-9444
https://orcid.org/0000-0002-0142-1611
https://orcid.org/0000-0002-0142-1611
mailto:nsi.sliti@uliege.be
https://doi.org/10.1088/2631-8695/accacf
https://crossmark.crossref.org/dialog/?doi=10.1088/2631-8695/accacf&domain=pdf&date_stamp=2023-04-17
https://crossmark.crossref.org/dialog/?doi=10.1088/2631-8695/accacf&domain=pdf&date_stamp=2023-04-17


A titaniumdioxide (TiO2) thinfilm can act as a buffer layer in theCu2O/AZO structure because of its high
optical transparency and good transport properties with a high band gap value of 3 eV [21]. Additionally, TiO2

can be synthesized in various structures, such as thin films, nanoparticles, and nanorods, that can be synthesized
via a wide range of techniques including pulsed-laser deposition [22], sputtering [23], and chemical vapor
deposition [24]. The effect of a buffer layer on the characteristics of AZO/Cu2O thinfilm solar cells has attracted
much interest within the community recently. However, no theoretical or simulation studies have been
performed onCu2O-based solar cells using a TiO2 buffer layer. Yet, the importance of device simulation to
unveil the relationship between thinfilm properties and solar cell performance is well established.Moreover,
theoretical studies help to explore solar cells with special characteristics at low cost. Such approaches provide a
deeper knowledge of the different phenomena that occur in heterojunction solar cells.

In this study, AZO/Cu2O solar cells without andwith a TiO2 buffer layer are numerically analyzed by the
computer simulation software Analysis ofMicroelectronic and Photonic Structures-1D (AMPS-1D). Aiming at
the determination of the device parameters associatedwith high-performance solar cells, wefirst analyze the
influence of TiO2 thin film incorporation on the photovoltaic characteristics, like the open-circuit voltage (Voc)
and the short-circuit current (Jsc), as well as the cell efficiency and the device fill factor. Subsequently, we
determine the optimized values of the device parameters such as layer thickness, doping density, and defect
density. The proposed results can contribute to the fundamental knowledge that supports the design and
fabrication of solar cells usingAZO/Cu2Oheterojunctions.

2.Materials andmethods

2.1. Cell structure andmaterial parameters
An illustration of theCu2O-based-heterojunction solar cell structure is presented infigure 1. Themodel
contains a p-Cu2O as an absorber layer as key compound. TiO2 andAZOn-type thinfilmswere chosen as buffer
andwindow layers, respectively. Table 1 presents the input parameters for each layer in the proposed structure.
The front and back contacts of the device aremade of fluorine-doped tin oxide (FTO) and gold (Au),
respectively.While gold and silver are both commonly used as contactmetals, a comparison between the two
materials was addressed in the Supplementary data. Gold is preferred as a contactmetal due to its largework
function, as well as its high conductivity and harmless interfacial reactions [25]. It was assumed that optical
reflections at the front contact were negligible. At the front and back contacts, the thermal recombination
velocity for holes and electronswas 1.0× 107 cms−1.

2.2. Numericalmodeling
TheAnalysis ofMicroelectronic and Photonic Structures (AMPS-1D) software, an effective tool for
semiconductor devicemodeling, was employed to investigate the relationship between the solar cell
performance and its physical characteristics [27]. The software provides a detailed analysis of the semiconductor
device, andmore information on its capabilities can be found in the literature [28–30]. The present work focuses
on numerical simulations of AZO/Cu2Oheterojunction solar cells, specifically examining the impact of a TiO2

buffer layer on the performance of Cu2O-based solar cells. The study is divided into two parts: the first part
analyzes the effect of the buffer layer using physical parameters selected from the literature, while the second part

Figure 1. Schematic structure of Cu2O/AZO solar cell with TiO2 buffer layer.
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examines the impact of various parameters such as thickness, carrier doping, and defect density on the absorber
and buffer layers. As a point of reference, unoptimizedCu2O/AZO solar cells were employed as a benchmark for
evaluation. All simulation calculations were conducted using the AM1.5 spectrumof illumination (100
mWcm−2) and at a temperature of 300K. The basic semi-classical semiconductor equations, shownhere below,
including Poisson’s equation aswell as the current densities derived from the continuity equation, were used for
the calculations [31, 32].
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HereΨ, e, ε0, and εr are the electrostatic potential, the elementary charge, the vacuumpermittivity, and the
relative permittivity, respectively. The quantities p, n, ND,NA, ρp, and ρn represent the hole concentration, the
electron concentration, the donor-type impurity concentration, the acceptor-type impurity concentration, and
the holes and electrons distribution. The quantities Jp and Jn present the current density of holes and electrons,
while the generation rate and recombination rate are both given byG andR.

3. Results and discussion

The performance of AZO/Cu2O andAZO/TiO2/Cu2O solar cells is examined under AM1.5 illumination and at
300K. The obtained results are summarized in table 2, based on the settings listed in table 1. The simulated
heterojunction solar cell without the TiO2 buffer layer presents solar output parameters of Voc= 0.65V, Jsc
= 7.81mAcm−2, FF= 39.1%, and η= 2.54%. The obtained efficiency is in accordance with the experimental
value ofMinami et al [13], a reference that we use for comparison and starting point in our study. A considerable
improvement is noticed by introducing the TiO2 intermediate layer betweenAZOandCu2O. As a result, Voc, Jsc,
FF, and η reached the values of 0.84V, 8.74mAcm−2, 50.4%, and 5.02%, respectively. Figure 2(a) displays the

Table 1. List of input variables from available literature [16, 21, 26].

Parameters Cu2O TiO2 AZO

Electron affinity [eV] 3.2 3.9 4.4

Thickness [μm] 2–15 0.01–0.1 0.2

Dielectric constant 7.6 10 9

Bang gap [eV] 2.1 3.2 3.35

Shallowuniformdonor density [cm−3] — 5× 1014–1× 1017 1× 1021

Electronmobility [cm2V−1 s−1] 20 100 10

Shallowuniform acceptor density [cm−3] 5× 1014–1× 1017 — —

Holemobility [cm2V−1 s−1] 10 25 5

Effective density of state of VB [cm−3] 2.43× 1019 2× 1017 1.8× 1019

Effective density of state of CB [cm−3] 1.34× 1019 6× 1017 2.2× 1018

Defect type/density [cm−3] D-like, Gaussian 5× 1013–5× 1015 D-like, Gaussian 1× 1015 D-like, Gaussian 1× 1018

Energy level [eV] Midgap Midgap Midgap

Gaussian defect standard deviation 0.1 0.1 0.1

Capture cross section [cm2] 5× 10–13/1× 10–15 5× 10–13/1× 10−15 1× 10−12/1× 10−15

Table 2. Simulated results for Cu2O/AZO-based solar cells.

Parameters JSC
a [mAcm−2] VOC

b [V] FF c [%] η d [%]

Cu2O/AZO 7.81 0.65 39.1 2.54

Cu2O/TiO2/AZO 8.74 0.84 50.4 5.02

Explanation of symbols in columns
a JSC: short circuit current density
b VOC: open-circuit potential
c FF: fill factor
d η: conversion efficiency.
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quantum efficiency (QE), which increases for thewhole spectrum rangewith the addition of TiO2 thin film.One
should note that theQE edges at∼580 nmand∼400 nmare due to theCu2O andAZOmaterials, which
correspond to energy gaps of∼2.1 and∼3.2 eV, respectively [33].

Infigure 2(b), it is shown that the TiO2 buffer layer reduces the recombination rate compared to the
structure without it. This result can be related to the selection ofminority carriers (electrons) at the TiO2/Cu2O
interface which reduces the interface recombination. Figures 2(c), (d) shows the energy band diagramof the
AZO/Cu2O junctionwith a TiO2 buffer layer having an electron affinity of 3.9 eV. The band diagram shows that
the effective value ofΔEC is reducedwith the introduction of the buffer layer from1.2 to 0.8 eV, which favors the
flowof the generated electrons toward thewindow layer and from there to the electrode [34, 35]. These factors
may explain why there is a noticeable improvement betweenAZO/Cu2O andAZO/TiO2/Cu2O structures, an
insight that results directly from the simulations.

Since the AZO/Cu2Oheterojunction solar cell with TiO2 buffer layer leads to the highest efficiency, we focus
hereafter on the impact of a range of absorber parameters including the thickness, doping concentration, and
defect density, to provide possible amelioration on the device performance, to optimize theAZO/TiO2/Cu2O
structure through these parameters.

3.1. Effect of absorber layer parameters on solar cell performances
3.1.1. Cu2O thickness
In a solar cell, the absorber layer is one of themost fundamental parts. It is crucial to choose theCu2O absorber
layer thickness appropriately to reduce processing difficulties and increase efficiency.Wefix the AZOandTiO2

thicknesses at 200 nmand 70 nm, respectively, so that we can better understand the effect of Cu2O thickness.
The evolution patterns of the solar cell basic parameters are shown infigure 3, where theCu2O thickness varies
from2 to 15μm.The results show that with the increasing of theCu2O thickness from2 to 10μm, the values for
Voc, Jsc, FF, and η do improve. In particular, JSC and η increase rapidly from8.47mAcm−2 to about 10.38
mAcm−2 and from5.02% to about 7.98%, respectively. The open circuit voltage also increases from0.84 to 1.15
V,which is probably responsible for thefill factor increasing. In fact, the fill factor can be established empirically

Figure 2.Modeling of Cu2O-based solar cells: (a)QE, (b) recombination rate distribution, (c) and (d) energy band diagram forAZO/
Cu2O andAZO/TiO2/Cu2Oheterojunctions at 0V bias and under illumination, where EV and EC represent themaximumof the
valence band and theminimumof the conduction band respectively.
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as outlined in [36].When the absorbent layer of p-Cu2O is thicker (more than 10μm), there is almost
unchanged in the values of these parameters.

The explanation of such behavior for Cu2O thickness can be related to the evolution of quantum efficiency.
Infigure 4(a), theQE increases consistently with increasing Cu2O layer thickness when thewavelength is
between 400 and 600 nm forCu2O thicknesses lower than 10μm. Increasing the thickness of the Cu2O absorber
layer results in the generation ofmore charge carriers.When the thickness of the Cu2Ofilm exceeds 10μm, the
QE exhibits little change, which indicates that the cell performances cannot be improved by increasing further
the absorber layer thickness. In the ultraviolet region, a small QE results from the absorption of the incident light
in the AZOandTiO2 layers, which leads to charge carrier generation. As a consequence, photo-generated
carriers are recombined during themigration process and cannot generate effective QE and there is no

Figure 3.Effect of Cu2O thickness variation on theCu2O-based solar cell output parameters.

Figure 4.Effect of Cu2O absorber layer thickness on (a)QE, (b) carrier recombination rate, (c) generation rate, and enlarged viewof
generation rate of the region between 0 and 1μmat 0Vbias.
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difference inQE value for different Cu2O thicknesses in this region. The effect of Cu2O thickness on the
efficiency can be also related to the carrier recombination rate and generation rate, as described infigures 4(b)
and (c). The carrier generation rates show a similar changing trend, which also reaches amaximumnear the
Cu2O/TiO2 p-n junction and then decreases rapidly for different Cu2O thicknesses. At the same time, with
increasingCu2O thickness, the recombination rates of carriers increase in theCu2O region.

As a result, the insufficient thickness of theCu2O layer cannot fully absorb Sunlight to produce photo-
generated carriers, which leads to smaller values of Voc, Jsc, η, andQE. So, the increasing thickness of the Cu2O
layer contributes to effectively absorbing incident light and improving solar cell performances. However, an
excessive thickness cannot improve solar cell performances and leads tomaterial waste. In this simulation, the
proposed optimal thickness of theCu2O layer is 10μm.

3.1.2. Cu2O doping concentrations
This section aims to study the effect of the Cu2Odoping density (Na) on the cell parameters. The range of
acceptor concentration (Na) in Cu2O, according to experimentalmeasurements, is from1E14 to 1E17 cm−3

[37–40]. Simulationswere runwithNa values in this range and the thicknesses of Cu2O, TiO2, andAZOwere set
to 10μm, 70 nm, and 200 nm, respectively.

Table 3 shows that the resulting Voc, η, and FF gradually increase with increasingNa doping concentration of
theCu2O layer from5E14 to 1E17 cm−3. In particular, the efficiency η exhibits an increase from7.94 to 10.14%,
whichmeans that adjusting the doping density of the Cu2O layer is an effective way to enhance the efficiency of
the solar cell.Meanwhile, the Jsc shows a clear decrease from10.33 to 8.85mAcm−2. The decrease in Jsc is
attributed to enhanced carrier recombination, which leads to a decrease in the photo-generated carrier
collection [41]. In addition, it is well known that the Jsc is related to external quantum efficiency (EQE) and can
be calculated via [42]

J q EQE d 4SC ( ) ( ) ( )ò l l l= F

whereΦ (λ) represents the spectral photon flux of the AM1.5G solar irradiation. Fromfigure 5(a), one observes
that theQE exhibits a reductionwith theCu2Odoping concentration increasing.

Figure 5(b) illustrates the variation of carrier recombination rate as a function of doping density in theCu2O
layer of anAZO/TiO2/Cu2O solar cell. The recombination rate decreases in TiO2 region and increases inCu2O
regionwith increasing doping concentration. The energy band diagram (figure 5(c)) explains this effect: higher
doping density inCu2O layer shifts the conduction and valence band upward, producing a strong electricfield
(figure 5(d)) that blocks holeflow and reduces interface recombination in TiO2 region. Furthermore, with
increasing doping concentrations, it is obvious that the Fermi level shifts downward to the valence band edge. In
this case, the collection of holes on the backside contact electrode (FTO) could be improved.However, high
doping of Cu2O can cause the increase of bulk recombination in theCu2O region, leading to a decrease of theQE
aswell as of Jsc. An improvement inVoc and a decrease in Jsc are generally associatedwith the internal electric
field inCu2O/TiO2 interface. As a result, an increase in carrier density in theCu2O layer can improve the
potential barrier at Cu2O/TiO2 interface, thereby increasing the performance of Cu2O solar cells. Therefore,
Cu2O thinfilmswith an acceptor shallow density of 1E17 cm−3 will be used in subsequent simulations. This
value alignswith reported experimental values for Cu2O thinfilms.

3.1.3. Cu2OGaussian defect concentrations
Defects inCu2Oplay a crucial role in affecting the performance of devicesmade from thematerial. InCu2O, the
carrier transport occurs through copper and oxygen vacancies (VCu andVO)which are prominent defects due to
their low formation energies [43]. These defects aremodeledwith acceptor-like and donor-like Gaussian states,
respectively. The copper vacancies (VCu) generate excess holes, which lead to p-type conduction [44]. Hence,
donor-likeGaussian defects were introduced in this simulation. The simulation results for a typical
AZO/TiO2/Cu2Oheterostructure with different donor-like gaussian defects placed in theCu2Omid-gap are
shown in table 4 andfigure 6. These results show that the presence of defects produces harmful effects on the JSC

Table 3. Simulated results of solar cells with different doping densityNa of Cu2O
absorber layer.

Na [cm
−3] 5E14 1E15 5E15 1E16 5E16 1E17

VOC [V] 1.15 1.16 1.23 1.26 1.33 1.35

JSC [mA/cm2] 10.33 10.19 9.8 9.6 9.08 8.85

FF [%] 66.83 70.33 76.72 79.1 82.79 84.38

η [%] 7.94 8.38 9.31 9.64 10.02 10.14
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and η values.With the increase in the defect density, the short circuit current shows a decrease from8.85 to 5.07
mAcm−2. It is well known that the bulk defect concentration determines the lifetime of theminority carrier.
Excessive defect densities in theCu2O layer can act as a center for carrier recombination, leading to a decrease in
the photo-generated carrier lifetime and a significant reduction in Jsc. This is because the bulk defect
concentration determines the lifetime of theminority carrier [45]. Simultaneously, η drops from10.14 to 5.06%
with the increase of defect density from5E13 to 5E15 cm−3. Based on these simulation results, we found a good
agreementwith previousworks done in [16] that found a consequential lowering of solar cell performance as
defect state density increases in the absorber layer. Thus, controlling the defect concentration in theCu2O layer
is a critical factor to consider whenmaking heterojunctions.

3.2. Effect of buffer layer parameters on solar cell performances
3.2.1. Buffer layer thickness
Since the TiO2 layer has the potential to accommodate latticemismatch and to control the conduction band
offset, it is vital to examine the influence of its thickness and doping concentration on solar cell behavior. The
thickness of the TiO2 thin film is varied from10 to 100 nmwhilemaintaining all other parameters constant.
Figure 7(a) shows that Jsc, FF, and η increase with increasing TiO2 thickness while VOC remains constant at a
value of about 1.35V.Moreover, the increase of the TiO2 thickness from10 to 100 nm leads to a small increase of
η from9.18 to 10.31%,which can be correlated by simulation results forQEwith the structure that includes the

Figure 5. Impact of acceptor doping density inCu2Oon (a)QE, (b) recombination rate, (c) conduction and valence band alignment,
and (d) electricfield at 0V bias and under illumination.

Table 4.Photovoltaic parameters of defective AZO/TiO2/Cu2O
heterojunction according to defect concentrationNdef in Cu2O.

Ndef [cm
−3] 5E13 1E14 5E14 1E15 5E15

VOC [V] 1.35 1.35 1.35 1.35 1.35

JSC [mAcm−2] 8.85 8.35 6.97 6.35 5.07

FF [%] 84.38 82.06 77.3 75.89 71.89

η [%] 10.14 9.43 7.51 6.71 5.06
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TiO2 buffer layer, as shown infigure 7(b). The impact of the TiO2 thickness on the recombination rate is shown
infigure 7(c). It can be observed that the recombination rate increases in the TiO2 region, but decreases in the
Cu2O region. This behavior can be interpreted as follows. The TiO2 layer acts as an electron-selective layer that
extracts n-type carriers from the absorber layer. It blocksmost of the holes, due to the large offset of the valence
band. In addition, it limits theflowofminority carriers from thewindow layer to the rear surface of the cell.
Therefore, as the TiO2 thickness increases, the recombination rate increases in the TiO2 region, while decreasing
in theCu2O region.

3.2.2. Buffer layer (TiO2) donor concentrations
To explore the influence of the buffer layer doping density on the efficiency of the AZO/TiO2/Cu2O
heterostructure, the TiO2 donor concentrationwas varied from1E15 to 1E18 cm−3. The results, shown in
table 5, reveal that the doping concentration of TiO2 has only aminor effect on the performance of the proposed

Figure 7.Effect of TiO2 buffer layer thickness on (a) solar cell parameters (b)QE, (c) carrier recombination rate around the interface
junction and (d) recombination rate inCu2O region.

Figure 6. (a)QEand (b) carrier recombination rate as a function of defect density inCu2O layer at 0V bias.
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solar cells. JSC and η show a small increase asNd increases from1E15 to 1E18 cm−3, while VOC remains
unchanged. It is known that the buffer layer should ideally have a higher n-doping concentration than the
absorber layer to enclose the space charge region (SCR) in the last layer. In addition, this configuration should
minimize the reverse current by avoiding the generation ofminority carriers [29]. TheAZO/TiO2/Cu2O solar
cell performances are consequently relatively unaffected byNd. As a result, increasingNd in TiO2 does not affect
the absorptionmechanism in the sameway as increasingNa inCu2O.

Studying the influence of the TiO2 layer and optimizing the input parameters of both the buffer and the
absorber layers allowed us to tune the device structure to achieve the best performance of a transparent
AZO/TiO2/Cu2O solar cell. The obtainedfinal J-V curves considering the optimized parameters for
AZO/Cu2O andAZO/TiO2/Cu2O solar cells are shown infigure 8. TheAZO/TiO2/Cu2Odevice exhibits the
highest efficiency value of 10.17%with the optimum for each parameter, including Cu2O layer thickness of 10
μm,TiO2 layer thickness of 0.1μm, doping concentrationNa of 1E17 cm

−3 andNd of 1E18 cm
−3, as well as

defect concentration inCu2ONdef 5E13 cm
−3. Looking at the effect of heating and of the contactmetal work

function, the results of which are presented in the Supplementary data, it was found that room-temperature
operation and the use of gold are both associated to better performance for the AZO/TiO2/Cu2O solar cell. Our
results are in linewith previous reports in the literature, withNaceur et al having reported a PCE of 11.30%
usingAZO/ZnGeO/Cu2Oheterojunction solar cell [20]. Our results demonstrate the potential of using non-
toxic, Earth-abundant, and sustainablematerials in the development of high-performance transparentmetal
oxide solar cells.

4. Conclusion

In summary, the proposed AZO/TiO2/Cu2Oheterostructure solar cell was studied through numerical
simulations using the AMPS-1D software.Wefirst investigated the role of a TiO2 buffer layer on theCu2O-based
heterojunction solar cell characteristics. It was found that the introduction of a TiO2 thin film improves the
efficiency of the solar cell by the reduction of the photogenerated carrier recombination rate and by the
enhancement of the band alignment across the heterojunction. Then, to provide an optimization of the input
parameters of each layer, the behavior of the solar cell characteristics as a function of layer thickness, doping

Figure 8. Final J-V curves of AZO/Cu2O andAZO/TiO2/Cu2O transparent solar cells considering the optimized parameters.

Table 5. Simulated results of solar cells with different doping
concentrationsNd of TiO2.

Nd [cm
−3] 1E15 1E16 1E17 5E17 1E18

VOC [V] 1.35 1.35 1.35 1.35 1.35

JSC [mAcm−2] 8.82 8.82 8.85 8.90 8.90

FF [%] 84.59 84.57 84.38 84.07 84.12

η [%] 10.13 10.13 10.14 10.16 10.17
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concentration, and defect density was discussed. Based on the simulation results, optimal thicknesses for Cu2O
andTiO2 are 10μmand 100 nm, respectively. Our study also highlights the key role played by the doping
concentration and the defect density of Cu2O.We show that the heterostructure based on aCu2O absorber layer
with a density of charge carriers value of 1E17 cm−3 and defect concentration of 5E13 cm−3 delivers promising
characteristics. Finally, via the optimization of the TiO2 doping concentration, we calculated the best values for
the cell characteristics: VOC∼ 1.35V, JSC∼ 8.90mAcm−2, FF∼ 84.12%, and η∼ 10.17%. These results can
serve as relevant indicators for future experimental works aiming at the fabrication of AZO/Cu2O transparent
solar cells with competitive conversion efficiencies.
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