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1. Introduction 

 
In the recent years, organic – inorganic 

perovskite hybrids with structure ABX3 (A: 

CH3NH3, B: Pb, Sn and X: I, Br) are 

considered by scientists [1-4]. Achievement to 
21% of power conversion efficiency (PCE) in 

2016 during seven years of development of 

them in comparison with 3.8% of PCE in the 

first report in 2009 shown a new and 
promising generation of solar cells based on 

the perovskites which have cheaper and easier 

process of fabrication than past generations of 
solar cells [3, 5-10].  Additionaly, other 

parameters of perovskites for instance high 

absorption coefficient, good ability in carrier 

transmission, fabrication in low temperatures 

and low sensitivity in defects of crystals 
prepared possibility of fabrication of solar 

cells with PCE around 20% by the absorbers 

[2, 6, 8, 11]. 
Recently, several simulations for pervoskite 

solar cells (PSCs) hace been carried out and in 

most of them, only a perovskite or only a 

structure (direct or invested) has been studied. 
In 2014, Chang and et al [1] did an optical 

simulation for tandem solar cells with 

CH3NH3PbI3-xClx in active layer and they 
found 29% of PCE. A 2-dimnetional electrical 

and optical simulation for CH3NH3PbI3 solar 

cell has been done by Kian Jo et al [12] in 
2015. Hossein et al [7], in 2015, carried out a 

numerical simulation for CH3NH3PbI3 
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A  B  S  T  R  A  C  T 

 
In this paper, numerical simulation of perovskite solar cells (PSCs) for two structures (direct 

and inverted) and two perovskites (MAPbX3, MA: CH3NH3, X: I, Br) had been done by SCAPS 
software. Thickness of active layers (the perovskites) have been optimized by using PCE curves 
and then, electrical properties of the solar cells have been extracted. Results of simulations 
show that the best structure is inverted structure with active layer MAPbI3 which characteristics 
of the structure are 15.4%, 24.68 mA/cm2, 8.48 V, and 73.74% for PCE, JSC, VOC, and FF, 
respectively. In addition, study of donors or acceptors density demonstrate that the parameter is 
so effective on performance of solar cells and PCE achieved to 18% by increase in the 
parameter. 
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perovskite solar cell and results shown a 24% 

of PCE. Also, in 2015, Yadef and et al [13] did 

two simulations by two various software 
packages; The results have good agreement 

with experimental data. Again, Sun and et al 

[14], in 2015, presented an analytical solution 

for p-p-n, n-p-p, p-i-n, and n-i-p perovskite 
solar cells. Finally, in 2016, Jang and et al [11] 

figured out a simulation for two CH3NH3PbI3 

and CH3NH3PbBr3 perovskites by numerical 
methods which report a 27.5% of PCE for 

CH3NH3PbI3.         

In this study, electrical simulations of PSCs 
for two perovskites (MAPbX3, X: I, Br) and 

two structures (direct and inverted) are 

studied. General comparison between 

structures and perovskites is presented. 
Numerical simulations have been done by 

SCAPS software which developed in 

Computer and Informatics faculty of 
university of Gent in Belgium [15]. Thickness 

of perovskite layers of PSCs have been 

optimized by PCE curves and then, parameters 
of JSC, VOC, and FF of the cells have been 

extracted. Finally, achieved results for various 

structures have been compared and the best 

structure has been determined, and also 
parameter of donors or acceptors density has 

been studied. 

2. Theory 
One dimensional equations which describe 

holes and electrons behavior in 

semiconductors is a Poison equation as follow: 
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and   and   are electron and hole densities. 
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where   ( ) mobility,   ( ) diffusion 

coefficient and   and   are symbols for 

electrons and holes. Parameters of   ( ) and 

  ( ) satisfy Einstein’s relation: 
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where    and   are Boltzmann’s constant and 

temperature, respectively. Additionally, in 

steady conditions, continuous equations of 
current density are: 
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where   is rate of carrier generation and   is 

recombination rate of electrons and holes.    

3. Simulation method and required 

parameters 

 

In this paper, numerical simulation of PSCs 

for direct (p-p-n) and inverted (n-p-p) 
structures and two perovskites (MAPbX3, X: 

I, Br) has been done by SCAPS. Thus, four 

structures are categorized to A, B, C, and D as 
follow which are presented in table 1. For 

optimization of thickness of perovskite layers, 

owing to importance of PCE factor in 
comparison of solar cells, PCE curves have 

been plotted versus thickness of perovskite 

layer from 50 to 1000 nm. Then, optimum 

thickness of perovskite layers are chosen 
where PCEs are maximum. In addition, cost 

issues and technical problems are considered. 

 

Table 1. Category of structures    

Type Symbol Structure 

Direct A ITO(120 nm) / 

PEDOT:PSS (50 
nm) / MAPbI3 (x) / 

PCBM (50 nm) 

/Al(100 nm) 

Direct B ITO(120 nm) / 

PEDOT:PSS (50 

nm) / MAPbBr3 (x) / 

PCBM (50 nm) 
/Al(100 nm) 

Inverted C ITO(120 nm) / 

TiO2 (50 nm) / 
MAPbI3 (x) / Spiro-

OMeTAD (200 nm) 

/Al(100 nm) 

Inverted D ITO(120 nm) / 
TiO2 (50 nm) / 

MAPbBr3 (x) / 

Spiro-OMeTAD 
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(200 nm) /Al(100 

nm) 

 

Molecular properties of materials are 
needed for electrical simulation. Some 

parameters extract from previous studies (the 

refrences have been presented in tables) and 
some of them have been calculated 

theoretically. Molecular properties of materials 

in p-n junctions are in table 2 and some 
structural parameters in active layers are in 

table 3. 

 

For confirmation and validation of 

simulation results, a simulation has been 
carried out for a direct structure which has 

been fabricated by Sun and et al [16]. 

Geometry of the structure is as ITO (150 
nm) /  

PEDOT:PSS (50 nm) / MAPbI3 (50 nm) / 

PCBM (50 nm) / Al (150 nm). Figure 1 shows 

comparison between current density - voltage 
curve (J-V) of experimental data and 

simulation of the direct structure by SCAPS 

which displays a good agreement. In addition, 

table 4 shows solar cell characteristics for 

simulation and experimental data. 

 

Table 3. Required structural parameters of 

perovskites 

Parame

ters 

Sy

mb

ol 

PCB

M 

TiO

2 

MAP

bBr3 

MAP

bI3 

Band 

gap (eV) 
   

2.1 

[17] 

3.2 

[12] 

2.33 

[18] 

1.50 

[12] 

Affinity 
(eV) 

  
3.90 
[17] 

4.0 
[12] 

3.70 
[19] 

3.93 
[12] 

Relative 

dielectri

c 
   

3.90 
[20] 

9 
[12] 

7.50 
[21] 

6.50 
[12] 

Effectiv

e density 

of states 
in 

conducti

on band 

(1/cm
3
) 

   
1E21 

[17] 

1E1
9 

[12] 

1E17 

[21] 

2.2E
18 

[12] 

Effectiv

e density 

of states 
in 

valence 

band 

(1/cm
3
) 

   
1E21 

[17] 

1E1
9 

[12] 

1E17 

[21] 

1.8E
19 

[12] 

Electron 

mobility 

(cm
2
/Vs) 

   
1 
[16] 

2E-

2 

[12] 

24 
[22] 

0.50 
[12] 

Hole 
mobility 

(cm
2
/Vs) 

   
0.21 

[23] 

2 

[12] 

24 

[22] 

0.50 

[12] 

Accepto
r density 

(1/cm
3
) 

   
1E21 

[17] 
---- 

1E16 
[21, 

22] 

1E13 

[12] 

Donor 

density 
(1/cm

3
) 

   ---- 

1E1

9 
[12] 

1E16 

[21, 
22] 

1E13 

[12] 

         

 

Table 4. Comparison between experimental 
and simulation for a direct structure 

Parameters PCE Jsc Voc FF 

Experimental 5.2 8.2 0.82 77.00 

Simulation 5.5 9.00 0.78 80.80 

Table 2. Required parameters for PCBM, 

TiO2, MAPbI3, and MAPbBr3 

Parameters MAPbI3 MAPbBr3 

Electron thermal 

velocity (cm/s) 
2.4E18 2.4E18 

Hole thermal 

velocity (cm/s) 
2.4E18 1.6E18 

Electron capture 

cross (cm
2
) 

1E-16 1E-16 

Hole capture cross 

(cm
2
) 

1E-16 1E-16 

Exciton lifetime 

(ns) 
16 [24] 22 [24] 

Total defect (cm
-3

) 2.6E18 2.2E18 

Radiative 
recombination 

coefficient (cm
3
/s) 

1.5E-10 

[25] 

4.9E-10 

[25] 

Auger electron 

capture coefficient 
(cm

6
/s) 

3.4E-28 

[25] 

13.5E-28 

[25] 

Auger hole 

capture coefficient 
(cm

6
/s) 

3.4E-28 

[25] 

13.5E-28 

[25] 

Electron effective 

mass 
0.23 [5] 0.50 [5] 

Hole effective 
mass 

0.29 [5] 0.23 [5] 
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Figure 1. J-V curves of experimental data 

[16] and simulation for a direct structure 

4. Simulation results 

4.1. PSCs optimization 
 

Figure 2 has shown curves of PCE versus 

thickness of perovskite for different structures. 
The curves illustrate that all structures are 

optimized in around many hundreds of 

nanometers of thickness which were 
predictable according to high diffusion length 

of perovskite materials. In all structures, 

thickness of layers of PCBM, TiO2, 

PEDOT:PSS, and Spiro-OMeTAD have been 
examined and the results shown that their 

thicknesses do not have imppressive effect on 

PCE of PSCs. Thus, considering economical 
aspects, 50 nm of thickness was selected for 

PCBM, TiO2, and PEDOT:PSS and 200 nm 

for Spiro-OMeTAD in simulations. 
Variations of PCE curves show that 

MAPbI3 has higher PCE than MAPbBr3. 

Lower energy band gap and higher absorption 

of MAPbI3 are effective on the result. 
Therefore, structures A and C have higher 

PCEs. In addition, because of structure type, 

various diffusion length, different 
recombination coefficients, and defects, PCE 

of any structure is optimized in a special 

thickness. If thickness is more or less than 
optimum amount, PCE will decline owing to 

increase in defects and recombination or 

decrease in generation rate of carriers and 

lower optical absorption, respectively. 
Results show that structures A, B, and C 

are optimized around 250, 400, 275 nm which 

have 13%, 11%, and 15.4% of PCE, 
respectively. Also, structure D has a peak on 

1500 nm but PCE of the structure varies in 

order of hundredth from 800 to 1500 nm. 

Thus, optimum thickness is considered 800 nm 

which has 11.5% of PCE. PCE curves 

illustrate that structures C and D are the best 

and the worst, respectively, which both belong 
to inverted structure and this result shows that 

type of perovskite is so more important for 

PSCs than type of structure. Additionally, due 

to lower band gap and higher absorption 
coefficient, MAPbI3 has better performance 

than MAPbBr3. 

 

 
Figure  2. Changes of PCE vs thickness of 

perovskites for A, B, C, and D structures 

 

4.2. J-V curves and characteristics of the cells 
 

Geometry of structures are completed by 

optimum thicknesses which are found in 
simulations. Thus, J-V curves of structures can 

be ploted and the parameters of the cells are 

extracted. Figure 3 show J-V curves for the 

structures A, B, C, and D. Characteristics of 
the solar have been presented in table 5.  

 

4.3. Examination of total defects, radiative 
recombination coefficient, and donor and 

acceptor densities 

 
In this section, three vital factors which affect 

PCE of solar cells are studied. 

 

Table 5. Achieved parameters of simulation 
of structures 

Structure Direct Inverted 

Symbol A B C D 

VOC (V) 0.8

3 

1.6

1 

8.4

8 

1.8

2 

JSC 

(mA/cm2) 

23.

00 

8.1

4 

24.

68 

8.5

4 

FF (%) 67.

50 

88.

35 

73.

74 

74.

74 

PCE (%) 13.

00 

11.

15 

15.

40 

11.

65 

 

0.0 0.2 0.4 0.6 0.8
0

2

4

6

8

10

V V

J
m

A
cm

2

0 200 400 600 800 1000
4

6

8

10

12

14

16

Thickness of Perovskite nm
P

C
E

 

 



 

  

 

 

319 

 

 

 

 

 

Figure 3. J-V curves of, a) structure A, b) 

structure B, c) structure C, and d) structure D 
 

According to found results in two previous 

sections, these factors are examined for two 
structures A and C which had higher PCE. 

Fig.4 illustrate variation of PCE versus 

variation of total defect (Nt) from 10
17

 to 10
19

  

(    -3) to show an increase 0.5% for 

structure A and 1.5% for structures C. Figure  

5 show that PCEs are almost fix for variations 

of radiative recombination coefficient from 10
-

12
 to 10

-8
 (     ). Changes of donor or 

acceptor densities is so vital parameter to 

influence on PCE of solar cells. Variation of 

the parameter from 10
12

 to 10
15

 (    -3) 
illustrates that PCEs reach 14% and 18% for 

structures A and C, respectively, which has 

present in Figure  6.   

 

Figure 4. Variations of PCE vs changes of 

total defect from 10
17

 to 10
19 

 

Figure 5. Variations of PCE vs changes of 

radiative recombination coeficient from 10
-12

 
to 10

-8 

Figure  6. Variations of PCE vs changes of 

density of donors and / or acceptors from 10
12

 

to 10
15 
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5. Conclusion 

 
Numerical simulation of perovskite solar 

cells (PSCs) for two structures (direct and 
inverted) and two perovskites (MAPbX3, MA: 

CH3NH3, X: I, Br) have been done by PCE 

curves. Achieved results show that optimized 

thickness for structures A (ITO(120 nm) / 
PEDOT:PSS (50 nm) / MAPbI3 (x) / PCBM 

(50 nm) /Al(100 nm)), B (ITO(120 nm) / 

PEDOT:PSS (50 nm) / MAPbBr3 (x) / PCBM 
(50 nm) /Al(100 nm)), C (ITO(120 nm) / TiO2 

(50 nm) / MAPbI3 (x) / Spiro-OMeTAD (200 

nm) /Al(100 nm)), and D (ITO(120 nm) / TiO2 
(50 nm) / MAPbBr3 (x) / Spiro-OMeTAD (200 

nm) /Al(100 nm)) are 250, 400, 275, and 800 

nm, respectively. Comparison between 

operations of structures illustrate that inverted 
structure has better performance. Also, 

MAPbI3 shows better behavior for PSCs due 

to higher absorption and lower band gap. 
Structure C illustrates the best performance 

and achieve to 15.5% of PCE. In addition, 

variation of total defects, radiative 

recombination coefficient, and donor and 
acceptor densities shows that the PCE can 

increase to 18% for structure C.    
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