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The OMeATP/Cs2AgBiBr6/TiO2/FTO solar cell is studied using SCAPS-1D 

simulation, where a compound with nanoparticles with sizes ranging from 1.2 

to 2.9 nm is used. Previous practical research is compared with the program, 
and good results are obtained that mimic the results of the practical research 

used. The cell is improved by increasing the work function; so, the conversion 

efficiency is increased from 0.31% to 1.01%. The distortion rate of the reflec-
tion layer is increased; so, the efficiency is increased from 1.01% to 1.22%. 
The thickness of the absorption layer is changed; so, the efficiency is increased 

from 1.22% to 3.91%. Then, the radiation recombination coefficient is 

changed. It is noticed that the cell efficiency is increased and the recombina-
tion is decreased; so, the efficiency is increased from 3.91% to 4.79%. 

Сонячний елемент OMeATP/Cs2AgBiBr6/TiO2/FTO досліджено за допомо-
гою моделювання симулятором ємности сонячних елементів SCAPS-1D, 

де використано сполуку з наночастинками розміром від 1,2 до 2,9 нм. По-
передні практичні дослідження порівняно з програмою й одержано хоро-
ші результати, що імітують результати використаних практичних дослі-
джень. Елемент вдосконалено шляхом збільшення роботи виходу; тому 

ефективність перетворення збільшилася від 0,31% до 1,01%. Швидкість 

спотворення шару відбивання збільшено; тому ефективність збільшилася 

від 1,01% до 1,22%. Товщину шару вбирання змінено; тому ефективність 

збільшилася від 1,22% до 3,91%. Потім змінено коефіцієнт рекомбінації 

випромінення. Помічено, що ефективність елементу збільшилася, а ре-
комбінація зменшилася; тому ефективність збільшилася від 3,91% до 

4,79%. 
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1. INTRODUCTION 

Over the past ten years, lead-halide perovskite (LHP) nanocrystals 
have garnered a great deal of attention because of their exceptional 
optical and optoelectronic qualities, which include long photocarrier 
diffusion lengths, low exciton binding energies, and high photolu-
minescence quantum yields (PL QYs) [1–3]. Over the past ten years, 
lead-halide perovskite (LHP) nanocrystals have garnered a great 
deal of attention because of their exceptional optical and optoelec-
tronic qualities, which include long photocarrier diffusion lengths, 
low exciton binding energies, and high photoluminescence quantum 
yields (PL QYs) [4, 5]. The materials exhibit diffusion of both holes 
and electrons of more than approximately one micron, and the dif-
fusion length means that these materials can operate effectively in 
a thin structure, and that charges can be transported in the perov-
skite itself over long distances [6, 7]. Recent research has indicated 
that the charges of perovskites always exist in the form of free 
electrons and holes, rather than as bound excitons, because the ex-
citon binding energy is low enough to enable charge separation at 
room temperature [8]. Double perovskite materials, Cs2AgBiBr6, 
have been discovered, as they are layered. Absorption is suitable for 
the manufacture of solar cells, as it is a highly crystalline com-
pound, which encourages energy generation [9, 10], as it is more 
stable because it is not affected by moisture [11]. In this research, 
we will take the main absorption layer, the perovskite compound 
Cs2AgBiBr6, which is a double layer that is free of toxicity and less 
affected by humidity, with a back reflection layer, OMeTAD, a 
matching layer, TiO2, and FTO permeation. The theoretical work 
was compared with experimental work, and a great convergence in 
the results was revealed, to show the extent of the program sobrie-
ty, because we performed an improvement on the cell generated 
through the SCAPS-1D program. 

2. NUMERICAL SIMULATION IN SCAPS 

Modelling can be performed using the SCAPS program, which is a 
one-dimensional solar cell simulation program designed at the Uni-
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versity of Ghent in Belgium to simulate traditional semiconductor 
crystalline materials such as CIGS, CdTe, or other materials such as 
SnS. The user can describe a cell consisting of a maximum of seven 
layers for different properties such as optical absorption, thickness, 
doping concentration, energy gap, etc. The spectral responses are 
determined and can be calculated in the dark and in the light as a 
function of temperature. This program has been developed and ap-
plied to all solar cells. It is a program is available free. The pro-
gram is based on solving semiconductor equations. We begin by 
writing the Poisson equation, an elliptical partial differential equa-
tion, named after the French physicist Simeon Poisson, who discov-
ered its application in universal gravity and static electricity with 
the equation also known by its name, the Poisson–Boltzmann equa-
tion, which regulates the relationship between electric potential and 
the distribution of electric charge, and in general, it has applica-
tions in quantum theory [12, 13]: 
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Then, the continuity equation gives the following relationships [14]: 
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Finally, the charge carrier equations for the diffusion and drift 
current density can be obtained from the following equations [15]: 

      ,n n nJ q nE D n     (4) 

     p p pJ q PE D p    . (5) 

 To measure the quality of photovoltaic cells, fill factor (FF), 
short circuit current Jsc, open circuit voltage Voc, and conversion 
efficiency  must be known, as these variables are related to each 
other with the following equations [15]: 
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 The age of the minority carriers can be determined, which is the 
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average time required for the recombination of the minority carri-
ers, and it is linked to the doping concentration and recombination 
by the following relationships [16]: 

 
1

( )th tV N    , (8) 

 n/R. (9) 

 The saturation current equation for the diode is one of the im-
portant equations, which determines the effect of propagation 
length and carrier density on cell performance [12, 15]: 
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 Likewise, quantum efficiency (QE) greatly affects the perfor-
mance of the cell, whose equation can be written [16, 17] as follows: 

 1.24QE R  . (11) 

3. SOLAR CELL INSTALLATION 

The OMeATP/Cs2AgBiBr6/TiO2/FTO solar cell consists of a FTO 
window layer of transparent metal oxides that has a relatively large 
energy gap; then, it is followed by the TiO2 compatibility layer, 
which has an energy gap suitable for the gradient of the absorption 
layer with the penetration, and then the Cs2AgBiBr6 absorption lay-
er, which has a relatively small energy gap and forget. It has a flat 
band front and silver ohmic contact with a work function 4.26 V 
and the cell is on a glass floor [18]. Table 1 gives the values of the 
program parameters. Table 2 gives the values of the defects that 
must be entered in the absorption layer for the SCAPS program to 
study the performance of the experimental cell. The temperature 
was 300 K. Figure 1 shows the installation of the solar cell. 
 To enhance the efficiency of solar cells, we must work on: compare 

the experimental cell with the theoretical cell; optimize the cell by 

changing the back-connection work function; improve the cell by 

changing the thickness and the impurity ratio to obtain the best cell. 

4. DISCUSSION OF RESULTS 

4.1. Comparing the Experimental Cell with the Theory 

To simulate the performance of the solar cell, the program used 
must be verified and the extent of its conformity with the practical 
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results must be verified. We conducted a simulation of the practical 
research by FAN, Ping et al. [24] on the SCAPS program, and the 
results showed a great match between the practical and theoretical 
results, as shown in Table 3, but the match is not complete. 
 Among the results, it is a decrease in the filling factor, which led 
to a decrease in the conversion efficiency. The reason is due to the 
defects in the interface P-OMeATD/Cs2AgBiBr6, p-Cs2AgBiBr6/TiO2 
and the defects in the absorption layer p-Cs2AgBiBr6. With a de-

TABLE 1. Physical parameters for all layers [19–23]. 

Parameters Symbol, unit OMeTAD Cs2AgBiBr6 TiO2 FTO 

Thickness W, µm 0.05 0.5 0.07 0.05 

Band gap Eg, eV 2.9 2.05 3.45 3.5 

Electron affinity , eV 2.2 4.19 4.2 4 

Dielectric permittivity r 3.0 5.8 10 9 

CB effective density 
of states 

NC, cm
3 2.51018 1.01016 2.21018 2.21018 

VB effective density 
of states 

NV, cm
3 2.21018 1.01016 1.81019 1.81019 

Electron thermal velocity Vn, cm/s 1.0107 1.0107 1.0107 1.0107 

Hole thermal velocity VP, cm/s 1.0107 1.0107 1.0107 1.0107 

Electron mobility n, cm
2/(Vs) 110

4 11.8 100 20 

Hole mobility p, cm
2/(Vs) 110

4 6.49 25 10 

Shallow uniform donor 
density 

ND, 1/cm3 0 1.01019 1.01019 1.01020 

Shallow uniform accep-
tor density 

NA, 1/cm3 1.01019 1.01019 0 0 

Coefficient absorption , 1/cm 1.0105 4.5103 1.0105 1.0105 

Radiative recombination 
coefficient 

cm3/s 1.010
9 4.010

9 2.310
9 2.310

9 

TABLE 2. Surface defects and absorption layer defects. 

Characteristics of defects 
Surface defects 

OMeTAD/Cs2AgBiBr6 

Absorption 
defects p-

Cs2AgBiBr6 

Surface defects 
Cs2AgBiBr6/TiO2 

Energy level with respect 
to reference, eV 

1.3 0.6 1.3 

Total density, Nt, cm
2 1.0107 1.01013 1.0109 

Capture cross section 
area of electrons, e, cm

2 
2.310

18 1.010
15 2.310

18 

Capture cross section 
area of holes, h, cm

2 
2.310

18 1.010
15 2.310

18 
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crease in Nt defects, the correspondence of the experimental work 
with the theory increases, due to the increase in durability. Minori-
ty carriers, which are inversely proportional to defects, as shown in 
Eq. (8); so, recombination will decrease, and as shown in Eq. (9), 
the efficiency of the theoretical cell increases over the experimental 
cell. 

4.2. Effect of the Work Function 

The layers of the solar cell consist of semiconductor materials and 
have a front connection and a back connection to transfer electrical 
power outside the cell. The front connection is between a metal and 
a semiconductor, and its resistance is very small compared to the 
resistance of the device. It is called ohmic contact because the re-
sistance is very small [25]. Ohmic contact depends on the form Main 
on the relative difference between the work function of a conductor 
and the electronic affinity of a semiconductor material. The work 
function can be defined as the lowest binding energy of an electron 
to the surface of the metal. The front connection in the program 
has a flat band icon, but the back connection has a certain re-
sistance and is called as the Schottky connection. 
 The Schottky connection works the opposite of the ohmic connec-
tion, as it does not allow current to flow except in one direction, 
that is, it resembles a one-sided p–n diode. Therefore, we notice 
that the concentration of carriers on the conductive side is much 
higher than its focus is on Semi Mosul. For the back connection, 
silver metal was used [26], and the work function was changed from 

Ag 

OMeTAD 

Cs2AgBiBr6 

TiO2 

FTO 

Glass 

Fig. 1. Solar cell installation. 

TABLE 3. Theoretical and experimental cell outputs. 

, % FF, % J, mA/cm2 V, V Solar cell 

0.70 0.65 1.24 0.87 
OMeATD/Cs2AgBiBr6/TiO2/FTO (Experimental) 
[24] 

0.72 32.2 2.61 0.84 OMeATD/Cs2AgBiBr6/TiO2/FTO (Theoretical) 
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4.2 eV to 4.9 eV. We noticed an increase in the conversion efficien-
cy, fill factor, and open circuit voltage. This is because for a p-type 
metal-semiconductor connection, the work function of the metal is 
less than the work function of the semiconductor, which leads to 
the flow of electrons from the conductor to the semiconductor, and 
increasing the work function helps to achieve quickly a state of 
thermal equilibrium [27]. 
 Figure 2 shows the effect of the work function on the cell out-
puts. Figure 3 shows the relationship of voltage with current, and 
we notice an increase in efficiency and fill factor with an increase 
in the work function. Quantum efficiency was studied, which is the 
percentage of the number of carriers generated in the cell to the 
number of photons falling on the solar cell. 
 Figure 4 shows the relationship of wavelength as a function of 
quantum efficiency, and we notice that there is no it as affected by 
the change in the work function because it depends on the spectral 
response and wavelength [16, 17]. 

4.3. Effect of Acceptance on Reflection Layer 

The distortion of the back reflection layer was changed from 11019 
cm

3 to 11022 cm
3 so we noticed an increase in the conversion effi-

ciency and filling factor, and Fig. 5 shows the change. 

 

Fig. 2. Work function as a function of cell output. 
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 The cell outputs increase the doping ratio, because increasing the 
doping ratio leads to an increase in carriers; so, the saturation cur-
rent of the cell decreases, as shown in Eq. (10). Figure 6 shows the 

 

Fig. 3. Voltage as a function of current. 

 

Fig. 4. Wavelength as a function of quantum efficiency. 

 

Fig. 5. Percentage of midwife defects as a function of cell output 
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relationship of voltage with current. Figure 7 shows the relation-
ship of wavelength with quantum efficiency, and that quantum ef-
ficiency begins at 7% at the length. The wavelength is of 100 nm 
and increases to 17% with the greatest amount at the wavelength 
of 370 nm; then, it begins to decrease gradually until it reaches ze-
ro. The reason is that the length of propagation decreases and the 
absorbance is at the lowest amount at high wavelengths because the 
efficiency is inversely proportional to the wavelength according to 
Eq. (11) [28]. 

4.4. Effect of Thickness and Radiation Recombination of the Ab-
sorption Layer 

The thickness of the absorption layer was changed from 0.5 µm to 
2.5 µm. We noticed an increase in the shunt efficiency and a de-
crease in the fill factor and short circuit current, as shown in Fig. 
8. This is because increasing the thickness leads to an increase in 
the absorption of photons, so the generation of the electron-gap pair 
increases and the recombination process at the interface decreases, 
which leads to an increase in the optical current [29, 30]. 
 Figure 9 shows the relationship of voltage with current. 
 Figure 10 shows the wavelength with quantum efficiency. Notice 
the increase in quantum efficiency that starts at the smallest thick-
ness of 7% until it reaches 15% at the largest thickness, where the 
quantum efficiency increases and reaches the greatest amount of 

 

Fig. 6. Voltage as a function of current. 

 

Fig. 7. Relationship of wavelength with quantum efficiency nm. 
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45% at the wavelength of 370 nm; then, it begins to decrease. 

 

Fig. 8. Thickness as a function of cell output. 

 

Fig. 9. Voltage as a function of current for different absorption layer thick-
nesses. 

 

Fig. 10. Wavelength as a function of quantum efficiency for different ab-
sorption layer thicknesses. 
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 Therefore, because the value of the absorption coefficient is high 
at short wavelengths, absorption occurs near the surface because 
the recombination time is short; so, the previously generated carri-
ers are captured by the p–n crystal diode [31]. 
 Figure 11 shows the relationship of recombination with the cell 
output. You notice an increase in cell efficiency and fill factor 
whenever recombination decreases, with both current and voltage 
remaining constant, because the decrease in recombination increases 
the durability of the minority carriers, which increases the cell effi-
ciency according to Eq. (8) and Eq. (9), due to the increase in the 
voltage barrier [32, 33]. 
 Figure 12 shows the relationship of voltage with current. Figure 
13 shows the relationship of wavelength with quantum efficiency. 
We notice a slight increase in Auger recombination, which leads to 
a decrease in the average life of the carriers at the surface, in addi-
tion to the formation of deposits and deformation on the surface 

 

 

Fig. 11. Recombination as a function of cell output of the absorption layer. 

 

Fig. 12. Voltage as a function of current for different recombination val-
ues of the absorber layer. 
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[34]. Quantum efficiency is zero at long wavelength because no 
light can be absorbed below the forbidden energy gap. 

5. CONCLUSIONS 

The OMeATP/Cs2AgBiBr6/TiO2/FTO cell was simulated using the 
SCAPS program and compared with an experimental cell. A very 

 

Fig. 13. Wavelength as a function of quantum efficiency for different re-
combination values of the absorption layer. 

TABLE 4. Meaning of the symbols used in the research. 

Symbol Mean of Symbol Symbol Mean of Symbol 

E Electric filed Voc Open circuit voltage 

q charge  Conversion efficiency 

P Holes constriction Pmax Maximum power 

n Electron constriction Pt Actual power 

NA
 

Acceptance consternation Pin Input power 

Jn Electron current density  Time of minority carriers 

Jp Holes current density Nt Defects concentration 

Gn Electron generation rate Vth Heat velocity 

Gp holes generation rate  Conductivity 

Rn 
The rate of electron re-

combination 
n 

Various concentrations of minority 
carriers 

Rp 
The rate of holes recom-

bination 
I0 saturation current 

Dn 
Electron diffusion con-

stant 
Le 

The propagation length of elec-
trons 

Dp Holes diffusion constant Lp The propagation length of holes 

n Electron mobility ni
2 

Electron concentration of pure 
semiconductor 

p Holes mobility QE Quantitative efficiency 

FF Fill factor R Spectral acceptance 

Jsc Short circuit current  Wave length 
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large convergence was found between theoretical and experimental. 
The cell was also improved by increasing the work function. It was 
noted that increasing the distortion of the back reflection layer in-
creases the performance of the cell to return photons to the cell. The 
thickness of the absorption layer has a significant impact on the per-
formance of the cell. We noticed that increasing the thickness in-
creases the efficiency of the cell due to increasing the absorption co-
efficient, and decreasing recombination increases the cell efficiency 
because recombination reduces the generation of the electron-gap 
pair. 
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