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Recently, extensive researches focus on the development of solar cells based on new absorber materi-

als, perovskite is one of these key candidates for solar cells applications, according to its good results in the 

output parameters which is confirmed by the photovoltaic community. In this work we will investigate, 

simulate numerically via SCAPS-1D and compare the structure of graded double perovskite based on 

MAPbI3/LNMO with the conventional recent one. We use the absorbers of MAPbI3 and LNMO as sandwich 

between the materials ETL of ZnO and HTL of Cu2O to simulate the proposed structure. The developed 

device shows a good enhanced power conversion efficiency of 24.01 %. 
 

Keywords: Perovskite, MAPbI3, JSC, VOC, PCE, Work Function, SCAPS-1D. 
 

DOI: 10.21272/jnep.15(6).06002 PACS numbers: 88.40.jm, 85.60. – q 

 

 

                                                                 
* abderrahim.yousfi@univ-bba.dz 

1. INTRODUCTION 
 

The photovoltaic solar cells have a tremendous de-

velopment in the last few years, according to the insert-

ing of perovskite materials to adjust and increasing the 

efficiency of the solar cell. The use of the absorber layer 

of perovskite based on methylammonium lead iodide 

(MAPbI3) which play a great role in the way of giving 

the conventional device better performances, according 

to the admirable absorption, lesser energy of exciton-

binding, large charge carrier mobility, tunable optical 

bandgap, and lesser temperature of working than other 

solar cells [1-3]. Not so far, solar cells based on perov-

skite achieve a very good efficiency of 25.2% which turn 

it or class it as a cheap device [4-8].  

Nevertheless, toxicity in solar cells based on perov-

skite absorber considered as a major problem related to 

the lead Pb, in this work we will see the important of 

the output parameters for the double graded absorber 

MAPbI3/LNMO, our target is to make under investiga-

tion the graded double perovskite solar cell of the struc-

ture, FTO/ZnO/MAPbI3/LNMO/Cu2O/Au. In the way of 

increasing the output photovoltaic parameters such as: 

JSC, VOC, FF and PCE. The SCAPS-1D software simula-

tor used to verify, modify and enhance the current 

structure by exploiting input parameters such as thick-

nesses, doping concentration acceptors or donors, defect 

density, ETLs, HTLs and we finalize our investigation 

via the use of the appropriate back work function. 

 

2. SIMULATED DEVICE STRUCTURES 
 

Under an extern illumination of AM1.5 G at a tem-

perature of 300 K, a numerical modelling is done using 

the solar cell capacitance simulator (SCAPS-1D), which 

is developed by Burgelman et all at university of Gent 

in Belgium. We should know that SCAPS-1D has a 

limit of the number of layers at 7 layers at maximum, 

the equations of Poisson and continuity are integrated 

to calculate the output parameters in SCAPS-1D [9-16]. 

The proposed configuration of 

FTO/ZnO/MAPbI3/LNMO/Cu2O/Au is developed as 

illustrated in Fig. 1, accompanied with its energy band 

mechanism which explains the movement of electrons 

from absorber to the front contact and the holes from 

absorber to the back contact too. The structure parame-

ters are presented in Table 1. Nevertheless, the work-

ing mechanism used in the developed device presented 

in Fig. 1b, shows the collections and movement of elec-

trons and holes from the absorber into the front and 

back contact. Table 1 lists the input photovoltaic pa-

rameters using in the current development. 
 

 
 

Fig. 1 – Presents successively (a) the structure of FTO/ZnO/ 

CH3NH3PbI3/ LNMO/Cu2O/Au and (b) Energy band diagram 

at the illuminance of AM1.5 G 
 

As illustrated in Fig. 2, the I(V) characteristics of 

the proposed configuration functions of different ETLs 

which gives the possibility to select the suitable one for 

the used structure, we noticed that the ZnO material 

considered as a good candidate comparing with C60, 

TiO2 and SnS2.  

The quantum efficiency presented in the Fig. 3 

functions of wavelength from 300 to 900 nm present a 

better value for the candidate ZnO and SnS2 which 

make the used structure more suitable and promising 

than the rest materials of C60 and TiO2. 
 

 a)                                         b) 

http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
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Fig. 2 – Present Current-Voltage characteristics for different ETLs 
 

 
 

Fig. 3 – Illustrated QE versus Wavelength for different ETLs 

 
 

Table 1 – Simulation of the input parameters of the device configuration 
 

Material properties FTO TiO2 MAPbI3 LNMO Cu2O 

Thickness, d (nm) 500 100 800 350 200 

Electron Affinity,  (eV) 4 3.9 3.75 3.32 3.2 

Band gap, Eg (eV) 3.5 3.2 1.55 1.05 2.17 

Relative Permittivity, r 9 32 6.5 3.5 7.11 

Effective Density of States (CB) NC 

(cm –3) 

2.2  1018 2.2  1018 2.2  1015 1018 2  1017 

Effective Density of States (VB) NV 

(cm –3) 

1.8  1019 2.2  1018 2.2  1017 1  1019 1.1  1019 

Electron Mobility, n (cm2/Vs) 20 20 200 22 20 

Hole Mobility, p (cm2/Vs) 10 10 20 22 80 

Acceptor Density, NA (cm –3) 5 5 1  1013 7  1016 1018 

Donor Density, ND (cm –3) 1019 1017 1  1016 5 107 

Defect Density, Nt (cm –3) 1014 1014 1014 1014 1014 

References [17] [18] [19] [20] [21,22] 
 

 

Table 2 – Contains the different ETLs materials used to 

optimize the developed simulated device 
 

Material 

properties 

SnS2 C60 ZnO 

Thickness, d 

(nm) 

100 100 100 

Electron Affini-

ty,  (eV) 

4.24 3.9 4 

Band gap, Eg 

(eV) 

2.24 1.7 3.4 

Relative Per-

mittivity, r 

10 4.2 9 

Effective Densi-

ty of States (CB) 

NC (cm –3) 

2.2  1018 8  1019 1018 

Effective Densi-

ty of States (VB) 

NV (cm –3) 

1.8  1019 8  1019 2  1020 

Electron Mobili-

ty, n(cm2/Vs) 

50 100 100 

Hole Mobility 

p(cm2/Vs) 

50 3.5  10-3 25 

Acceptor Densi-

ty NA (cm –3) 

5 1 5 

Donor Density 

ND (cm –3) 

1017 2.6  1018 1  1016 

Defect Density 

Nt (cm –3) 

1014 1014 1014 

References [23] [20] [24,25] 

 

2.1 The impact of LNMO thickness on JSC, VOC, 

FF, and PCE 
 

In this part, we study the variation of output photo-

voltaic parameters functions of thickness of the absorb-

er LNMO from 200 nm to 1000 nm, the short circuit 

current has its optimal value of 2.05 mA in the thick-

ness of 400 nm, the open circuit voltage has in the 

same point of thickness 0.23 V, we noticed that the 

used structure works at 400 nm also for the fille factor 

of 50.04 % and power conversion efficiency of 24.01 %. 
 

 
 

Fig. 4 – Variation of output parameters versus LNMO thickness 
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2.2 The Impact of MAPbI3 Thickness on JSC, VOC, 

FF, and PCE 
 

 
 

Fig. 5 – Variation of output parameters versus MAPbI3 thickness 
 

The second part of optimization by varying the 

thickness of absorber layer of MAPbI3, we have noticed 

that the output parameters very lightly comparing to 

the previous part of absorber. 

 

2.3 The Influence of Back Work Function on the 

Output Photovoltaic Parameters Such as: 

JSC, VOC, FF, and PCE 
 

 
Fig. 6 – Output parameters functions of work function of the front contact 

 

In this part, we see the variation of work function 

versus the output parameters of the current configura-

tion. The obtained results ranged from 3.8 eV to 4.2 eV 

are in good values such as JSC  2.05 (mA/cm2), 

VOC  0.23 V, FF  50.03 % and PCE  24.01 %, and 

more than 4.2 eV the parameters down, also at 4.6 eV 

down more and more. 
 

Table 3 – Summarizes the results of the two simulated 

configurations 
 

Configuration JSC 

(mA/cm2) 

VOC 

(V) 

FF 

(%) 

PCE 

(%) 

Raj et al [20] 

(C60/LNMO/CuI) 

1.911 0.1982 47.82 18 

Present simula-

tion 

(ZnO/MAPbI3/LM

O/Cu2O) 

2.05 0.23 50.03 24.01 

 

3. CONCLUSION  
 

In this investigation, promising results were ob-

tained through the use of the graded double perov-

skite MAPbI3/LNMO and show their effect on the 

photovoltaic output parameters. A variety of numer-

ous calculations were performed by using different 

material of electron transport layer as SnS2, TiO2, 

C60 and ZnO, and we conclude that ZnO is the suita-

ble candidate in the current structure of 

FTO/ZnO/MAPbI3/LNMO/Cu2O/Au, the impact of 

work function also has a good effect on the device 

which leads the electrons and holes move rapidly 

from absorber to front and back contacts according to 

a specific transport mechanisms, the output parame-

ters are in good way when the back contact are down 

ranged from 3.8 to 4.2 eV. The results values ob-

tained in this simulation are, JSC  2.05 mA/cm2, 

VOC  0.23 V, FF = 50.03 % and PCE = 24.01 %. 
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Вплив градуйованого подвійного перовскіту для підвищення фотоелектричних вихідних 

параметрів сонячної батареї: чисельне моделювання за допомогою SCAPS-1D 
 

A. Yousfi, W. Feneniche 
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Останнім часом значні дослідження зосереджені на розробці сонячних елементів на основі нових 

поглинаючих матеріалів. Перовскіт є одним із цих ключових матеріалів для застосування в сонячних 

елементах через його гарні результати у вихідних параметрах, що підтверджено фотоелектричними 

властивостями. У цій роботі було досліджено та чисельно змодельовано за допомогою SCAPS-1D і про-

ведене порівняння структури градуйованого подвійного перовскіту на основі MAPbI3/LNMO зі зви-

чайною структурою. Були використані поглиначі MAPbI3 і LNMO як подвійний шар між матеріалами 

ETL ZnO і HTL Cu2O для моделювання запропонованої структури. Розроблений пристрій показує хо-

роший підвищений ККД перетворення електроенергії на рівні 24,01 %. 
 

Ключові слова: Перовскіт, MAPbI3, JSC, VOC, PCE, Робоча функція, SCAPS-1D. 
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