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Abstract: Here, we have investigated the organic-inorganic CH3NH3PbI3(MAPbI3) thin films.We performed the 

x-ray diffraction, SEM and AFM, to control the Crystallinity, Thickness, Transmittance and Absorption of the 

thin films. Then the photoluminescence was studied to know the band gap of the material. The simulation was 

carried out on the cell formed of organic-inorganic perovskite MAPbI3 thin film as absorber layer with different 

hole transporter layer ,expensive Spiroometador cheaperFDT,ZnO as electron transporter material (ETM). The 

comparison performance was made between the cell with spiroometad and the cell with FDT.The spiroometad 

and FDT cells displayed a similar efficiency of 23.4% after simulation. 
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I. Introduction 
Since the discovery of semiconductor properties of the hybrid organic-inorganic halide perovskites in 

2009 by T. MIYASAKA [1] these materials have become star of research in laboratories and conferences. Used 

as an absorber layer in a solar cell, this material initially showed a low conversion efficiency of 3.5% in 2009. 

So researchers have objective to improve performance and nowadays we achieve efficiency at 25.3% for a 

perovskite solar cell [2]. Halide perovskite materials have good properties that open door to a new generation of 

photovoltaic cells [2].The real perovskite is a mineral found for the first time in 1839 on the Ural Mountains, 

composed of a calcium and titanium oxide (CaTiO3), named after the Russian mineralogist Lev Perovskite 

[3,4].This name has subsequently become synonymous with all compounds that have the same crystallographic 

structure of the mineral: ABX3 where A
+
 is a monovalent cation in the center of a cube, B

2+
 are divalent cations 

placed at the top of the cube and X
-
 smaller anion monovalent on the faces of the cube and which compose 

octahedral structures where B on each vertex of the cube. Depending on the type of atoms or molecules chosen, 

it is possible to obtain materials with particular characteristics and very interesting for the conversion of energy. 

In the case of perovskite solar cells, the most perovskite compound have being obtained the best results is the 

lead and methylammoniumtrihalide of formula (MAPbX3), characterized by a direct band gap between 1.5eV to 

2.3 eV, capable of providing high energy efficiency  [5, 6]. The toxicity of lead has led to study perovskites 

based on other ions such as (CH3NH3SnI3) which have a band gap of 1.3 eV but this perovskite suffers from 

stability due to the oxidation of the ion Sn
2+

to Sn
4+

[7].  

The simplicity of the manufacturing technique and the combination of the relevant properties, such as 

excellent optical and electrical properties, including the high absorption coefficient [8], ideal gap bands [9], low 

exciton bonding energies [10] transport of ambipolar charge carriers [11] and long charge diffusion lengths [12] 

make the perovskite structure highly competitive characteristics compared with conventional semiconductors. 

To change from the status of a star research object to a marketable industrial product, perovskite solar cells have 

to be proved in terms of efficiency and stability and low cost of production soaring [13].In a perovskite solar 

cell there is perovskite layer between a hole transportmaterial (HTM)layer and an electron transport material 

(ETM) layer. Perovskite is the active layer where the electron-hole pairs or excitons are photogenerated. After 

the dissociation of the excitons, the electrons are transferred to ETM and the holes to HTM.The cell efficiency 

depends on the choice of these two layers:ETM and HTM.ETMs are easily found cheaper and compatible with 

perovskite MAPI giving good performance but this is not the case with HTMs. 

Various materials inorganics [14, 15]  as organics[16] , are used as HTM in perovskite solar cells.The 

semi-conductor material that gives the best efficiency is the organic compound2, 2‟,7,7‟ -tetrakis (N, N-dip-p-
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methoxypheny-amine) -9, 9‟ -spirobifluorene (spiro-MeOTAD)(figure 1b1). Unfortunately, its synthesis is very 

expensive [17]. Research is always done to find the material capable of replacing spiroometad with a low cost of 

synthesis and keeping the same performance. In 2015 Prof.Mohammad KhajaNazeeruddin and coworkers 

[18]have developed a new hole transporter material for solar cells, which significantly reduces manufacturing 

costs and achieves a very competitive efficiency of more than 20%. The new molecule is fluorene-dithiophene 

(FDT) with chemical name 2,7-bis(4-methoxyphenyl)amino)spiro[cyclopenta[2,1-b:3,4-b]dithiophene-4,9-

fluorene)(figure1b2)[18]. Extensive testing has shown that the FDT‟s efficieny is 20.2%, which is higher than 

the other two more expensive products (Spiro ometad and PTAA) [19]. Even better, the FDT's features are easy 

to modify, so it can serve as the basis for a whole new generation of more economical hole transporters (HTM) 

[19]. 

 

II. Experimental procedure 
We used the FTO glass substrate for the deposition of absorbent layer perovskite  of our solar cell. This 

FTO glass substrate was subjected to an ultrasonic bath in soapy water (2% Hellmanex); in ethanol; in acetone 

and then in isopropanol for fifteen minutes at each stage. All these products were purchased from TCI. 

Afterwards the glass substrate is dried by an air tap and then subjected to a UV-ozone treatment for fifteen 

minutes .All these steps must be scrupulously respected without neglecting anything because the quality of the 

films depends on it. Studies have shown that FTO substrates without UV-ozone-treatment of films are of low 

quality in thickness and morphology. 

 

• Synthesis of CH3NH3PbI3 (MAPI) solution 

The precursors are methylammonium iodide (MAI) (99.99%; TCI) and lead diiodide (PbI2)) (99.99%, 

TCI). These crystals are weighed and dissolved in a mixture of solvents: dimethylsulfoxide (DMSO) and 

dimethylformamide (DMF) (ratio  0.095:1). We obtain a MAPI solution of 1.35M. We can accelerate the 

dissolution of PbI2 by heating to 60 ° C. 

 

• Deposition of thin film of perovskite 

Among the many deposition techniques we preferred the spin coating deposition which is the most 

simple and easy. First we set the spin coating at different speeds with different times. We made the deposit 

before the rotation of the spinner (static deposition) and the deposit during the rotation of the spinner (dynamic 

deposition). The best results are obtained with the static deposition by maintaining an acceleration speed from 

2000rpm to 6 s and the second speed at 6000 rpm for 60 s. So a volume of 50µL of perovskite solution is taken 

and applied to the FTO part of the substrate, then the spinner is started. A volume of 50μL chlorobenzene 

playing the role of anti-solvent is applied to the perovskite when there is a change in color. The time of 

application of the anti-solvent is around 10s to 15s. Then the samples are annealed at a temperature of 85 ° C for 

5 min. The samples are immediately placed in the dark for characterization. We carried out all these experiments 

outside glovebox at room temperature. 

 

• Characterization 

X-ray diffractometer(RIGAKU) was used for structural characterization. Also, Scanning 

ElectronMicroscopy (SEM) was used to investigate the surface morphology,Atomic force microscopy(AFM) for 

topography, Photoluminescence (PL) and UV-Vis spectroscopy. X-ray diffraction spectrum of a MAPbI3 

powder having a single phase of tetragonal symmetry at room temperature [20] .In the X-ray diffraction (XRD) 

patterns of MAPbI3 shown in figure 1.a, the peaks are at 14.06° and 31.89° belong to perovskite structures and 

are in good agreement with recent reports. The photoluminescence of the MaPbI3 show intense peak after 

annealing procedure and shown characteristic peak of MaPbI3at 774nm, we also found that the good absorption 

onset at a 426 nm. The calculation of the energy of optical gap gave a value of Eg equal to 1.5eV (figure 1-e); 

value close to the literature. Figure.2 represent the SEM and AFM images of MAPbI3. MAPbI3 has an improved 

thin film formation with smaller grain size and surface show homogenous and smooth morphology. 
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III. Numerical Modelling and Device Simulation. 
3.1   Numerical Modelling 

Numerical simulation is used to investigate the effect of the different layer components on the 

performance of perovskite solar cells without actually making the device. It saves time and money in the search 

for the best experimental results. Many simulation software programs have been developed and applied to 

research solar cell devices such as AMPS-1D, SCAPS-1D, PC1D, AFORS-HET and so on. All these programs 

are at a single dimension, which is usually sufficient for geometry solar cells.We choose SCAPS-1D who is a 

Figure2:  a) SEM image of MaPbI3 thin film b) AFM image of MaPbI3 thin film obtained 
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one-dimensional solar cell simulation program developed at the department of Electronics and Information 

Systems (ELIS) of the University of Gent, Belgium byprof. Marc Burgelman.It simulates the electrical 

characteristics of heterojunction thin-film solar cells by solving the basic equations of semiconductor devices 

under steady state conditions. It is used in this work to explore the real device solar cell with material 

parameters modified for better performance.SCAPS-1D allows the inclusion of deep recombination and 

recombination (non-radiative recombination).Here the basic equations of semiconductor devices. 

 

 Poisson’s equation 

The best understanding of the working of a solar cell is governed by the resolution of the Poisson‟s 

equations; equations of continuity and equations of transport of electrons and holes in the cell. The Poisson‟s 

equation allows for a relationship between the variations of the potential electrostatic and the density of 

electrical charge. [21] 
𝜕2(𝜑)

𝜕𝑥2 = −
𝜌 𝑥 

𝜀𝑟
= −

𝑞

𝜀𝑟
 (𝑝 − 𝑛 + 𝑁𝑑

+ − 𝑁𝑎
−) (eq.1) 

φ is the electrostatic potential, n and p the concentrations of electrons and holes, Nd
+
-Na

-
 is the impurity 

concentration , εr is the relative dielectric constant of perovskite. 

 

 Continuity equation 

In order to establish the variation of the concentrations of the charge carriers at a point x of the cell; we define 

the continuity equation whose expression is: 
𝜕𝑛

𝜕𝑡
= −

𝜕𝐽𝑛

𝜕𝑥
+ 𝐺𝑛 − 𝑅𝑛      (eq.2) 

𝜕𝑝

𝜕𝑡
= −

𝜕𝐽𝑝

𝜕𝑥
+ 𝐺𝑃 − 𝑅𝑝      (eq.3) 

Gn,pare generation rates of electrons and holes andRn,p  are recombination rates  of electrons and holes in the 

device. 

 

 Transport equation 

To solve these equations, the knowledge of generation and current recombination mechanisms is necessary. The 

currents of electrons and holes result from the sum of two factors: a gradient of electrostatic potential and a 

gradient of concentration. [21] 

𝐽𝑛 = 𝑞𝑛𝜇𝑛
𝜕𝑉

𝜕𝑥
− 𝐷𝑛

𝜕𝑛

𝜕𝑥
   (eq.4) 

𝐽𝑝 = 𝑞𝑝𝜇𝑝
𝜕𝑉

𝜕𝑥
+ 𝐷𝑝

𝜕𝑝

𝜕𝑥
   (eq.5) 

With µn and µpwhich represent the mobilities of electrons and holes, n and p the density of holes and  free 

electrons ; Dn ( Dp ) is  electron (hole) diffusion. 

 

3.2 Device Structure and Simulation 

3.2.1 Device Structure 

In general, the architecture of the perovskite solar cell consists of five layers: a transparent electrode, 

an n-type semiconducting electron transporting material (ETM), photoactive perovskite, a p-type 

semiconducting hole transporting material (HTM) and a metallic electrode (figure 3 (a)). The parameters of 

TCO and HTM layers are cited from the simulation literature about PSCs. Note that the main material 

parameters are carefully selected from those reported experimental data and other theoretical results.Tables 1,2 

summarize the parameters for each layer in the simulation and their interface defect properties. 
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Table 1: Simulation parameters of perovskite solar cells 

 

Table2: Interface defect properties panel 
Defect  type Neutral 

capture cross section electron( cm2) 1.000-15   [29] 

capture cross section hole( cm2) 1.000-15   [29] 

Energetic distribution single 

Reference for defect energy level Et Above the highest EV 

Energy level with respect to Reference (ev) 0.600 

Total density(integrated over all energies)(cm-2) 1.000E+14 

 

3.2.2Simulation 

 Effect of Thickness of the perovskite Layer 

For commercial production on large surfaces and in large quantities, the reduction of manufacturing 

costs is essential. The reduction of the thickness of the absorbent layer is a desired factor in order to use less 

material without reducing the performance of the solar cell. Thus, it is important to study the influence of the 

layer thickness on the output parameters of the solar cell namely the efficiency, the open circuit voltage, the fill 

factor, the current density. We present the results of our simulations in Figure 4 to understand how the variation 

in layer thickness influences the characteristics of the cell. 

By observing the variation curves of the thickness of the perovskite layer in fig. 4, an increase in the 

Voc, Jsc and PCE parameters is observed. On the other hand, the fill factor (FF) decreases using FDT.Thus, for 

thickness values ranging from 100 nm to 400 nm, there is an increase of PCE to 37% for MAPI-FDT cell and 

63% for MAPI-Spiro Ometad cell. When we increase the thickness beyond 400 nm, there is a slight increase in 

current density of less than 5% for all the cells studied. As for the value of the voltage (Voc), it increases very 

slightly less than 1% for all the cells. The Voc of spiroometadare larger than those of FDT, at 600nm, we have 

1.01v and 0.86V respectively for the spiroometad and the FDT.Regarding the fill factor (fig 4-c) there is a drop 

of about 4% for MAPI-FDT and increase of 8% for MAPI-spiroometad cell. It can be seen that increasing the 

thickness from 100 nm to 400 nm increases the PCE to 75% and 27% for MAPI-spiro and MAPI-FDT cells 

respectively. The MAPI associated with spiroometad confirms its properties of better perovskite converter solar 

energy [25] with PCE = 19.22% at 350 nm against 18.63% if it is associated with the FDT.Beyond 400 nm the 

efficiencies increase very slightly arround 5% to 8% for the cells. At a thickness of 600 nm, the efficiency is 

20.6% with MAPI-FDT, 21.35% with MAPI-Spiro ometad.The variation of the thickness of the absorber layer 

from 100 nm to 400 nm causes a significant increase in the parameters of the cells. This is normal because a 

thicker layer absorbs more photons. Beyond 400nm, the efficiency increases slightly because there is 

appearance of the defects. When the diffusion length of the charge carriers becomes greater than the thickness, 

many of them recombine and are not collected. This explains the weakness of the increase of the parameters of 

the cells beyond 400nm. 

Material Properties MAPI Spiro-OMETAD FDT ZnO TCO 

X (µm) varied 0.05 0.05 0.03 0.5 

Eg (eV) 1.5  3.0 [23] 2.88[36] 3.3[ 25] 3.5 [25] 

χ (eV) 3.9 [26] 2.45 [23] 2.28[36] 4.4 [25 ] 4 [25] 

εr 6.5 [27] 3 [23] 5 9 [25 ] 9 [25] 

Nc (cm-3) 2.1018 2 × 1018[22] 1019 2 ×1018 2 × 1018 

Nv (cm-3) 1019 1019 1019 1019 1.8 × 1018 

vn (cm.s-1) 107 107 107 107 107 

vh(cms-1) 107 107 107 107 107 

μn/μh(cm2/v.s) 2.0/2.0 [28] 2.104/2.104 [27] 5.10-4/5.10-3 20/10 [25] 20/10 [25] 

Nd (cm-3) varied 0 0 1016 2.1019 

Na (cm-3) 0 1018 1018 0 0 

Nt (cm-3) 1014 1014 1014 1014 1014 

Et(eV)/ distribution 0.7 ev  above eV 0.1 ev  above eV 0.7ev  above eV 0.6ev  above eV 0.6ev  above eV 
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Figure 4: variation Voc (a)  Jsc (b) FF(c) and PCE (d) with different thickness of perovskite 

 

 Effect of doping concentration of perovskite absorption layer 
The effect of doping concentration on the performance of perovskite solar cells is studied by choosing 

the values of Na in the range of 10
12

 to 10
18

 cm
-3

. It is worth pointing out that the variation of the doping 

concentration of perovskites modifies all parameters of the cell. The figure 5-d delivers the PCE of solar cells. 

The maximum values of PCE appears at Na=10
16

 cm
-3

 for all the cells with 21.13% for FDT and 21.04% for 

spiroometad. There is a slight variation of efficiencies when the concentration varies from 10
12

 to 10
14

 cm
-3

. 

Beyond 10
14

cm
-3

 to 10
16

cm
-3

, efficiencies suddenly increase to 16.93% to 21.13% for FDT and 17.05% to 

21.04% for spiroometad to reach maximum values at 10
16

cm
-3

 then they decrease after this value. On the other 

hand, the Jsc (fig5-b)and Voc (fig5-a) parameters adopt similar behaviors to that of efficiencies. From 10
12

cm
-3

 

to 10
16

cm
-3

 the current density remains almost constant after Jsc drops rapidly. The optimum values of Jsc are 

29.67mA/cm
2
 and 33.74 mA/cm

2
 for spiroometad and FDT respectively. As for the Voc the maximum values 

are obtained at10
15

cm
-3

 (Voc= 0.99v) for spiroometadand at 10
17

cm
-3

 (Voc=0.86v) for the FDT. Doping is a 

very important process used to improve optoelectronic proprieties of semi-conductors [19]. It is possible to 

improve the conductivity of the hole transporter layer by doping the perovskite absorber therefore improves the 

performance of the cell [20]. The justification of the variation of cell performance by doping concentration is 

that the electrical field in the semiconductor varies when the concentration varies. When we increase the 

concentration and the parameters of the cell remain, almost constant this means that the recombination defects 

appeared have annihilated the carriers brought. At a certain value of the concentration, the photogenerated 

carriers dominate the recombination then the efficiency and the other parameters increase to reach an optimal 

value. If the concentration is further increased, the recombination rate increases again causing the efficiency to 

fall as shown in Fig. 5-d.The results of simulations show that the cell with the FDT has a simulated behavior to 

that of spiroometad. 
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 Influence of doping concentration (Na) of HTM 

Appropriate doping of the HTM layer increases the electric field of the interface HTM / perovskite and 

improves the performance of the cell. To understand the doping effect of the HTM on the cell performance, the 

concentration Na of the HTMs vary to 10
12

 at 10
22

 cm
-3

.This increase electric potential used to separate the 

excitons with less recombination rate so the performance of the device is increased.  

From the graph figure 5 concentration acceptor (Na) versus PV parameters, it was observed that Voc, 

FF, Jsc, efficiency have been increasing, with an increase Na of HTM. It indicates that the spiroometad is shown 

to have a higher Voc (1.02V) than the FDT (Voc=0.88V) while the FDT has a Jsc (34 mA/cm2) greater than the 

spiroometad (Jsc=30mA/cm2). Curves (c) and (d) indicate that the two HTMs give the same value of FF = 76% 

at 10
21 

cm
-3

and the identical efficiency PCE = 23.4% at 10
22

cm
-3

. 

 

 
 

 

 Influence of electron affinity of perovskite absorber layer and HTMs layers 
One of the decisive factors of carrier recombination at interface is the band offset between 

ETM/perovskite/HTM which determines the parameters of cell [30].  Electronic affinity is defined as the energy 

that must be supplied to an electron located in the bottom of the conduction band CB to bring it to the vacuum 

Figure6:variation Voc (a)  Jsc (b) FF(c) and PCE (d) with different concentration Na of HTM 
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level.As seen in Figure7 all the parameters of the cell are modified with the variation of the electronic affinity of 

the HTMs. The simulation results indicate that the spiroometad gives a Voc=1.02v and the FDT has Voc 

=0.88v. The cell with FDT has a higher current density (Jsc=34mA/cm2) than that of Spiro 

ometad(Jsc=30mA/cm2). The fill factor curves and efficiencies are almost similar with a slight domination of 

FF and PCE of FDT (FF= 78.8% and PCE =23.82%) to that of spiroometad (FF= 76% and PCE= 23.18%). 

When the electron affinity of HTM is too low (lower than 2.4 eV), the parameters Voc, FF, PCE are a 

bit weak. The value of the current density varies very little during the variation of the electronic affinity from 

2ev to 3ev.After the value of 2.4ev we obtain an optimal value of Voc for each HTM. At the value of 2.5 ev the 

parameters FF and PCE reach the optimal values. It is evident that proper HTM selection with suitable electron 

affinity can reduce the recombination of carriers and performance of PSCs can further be optimised [23]. 

 

 
 

 

 

 Curves J-V and  External  Quantum Efficiency(EQE) 

EQE (Extern Quantum Efficiency EQE) refers to the fraction incident photons that creates the pairs 

electron-hole in the absorber and are collected. EQE is a parameter used to characterize a photosensitive 

component such as a photovoltaic cell. It provides information on the quality of the materials and contacts used 

in the cell [31].To obtain the final curve J-V, we kept all optimal values of the parameters of the cell. The 

simulated J−V and EQE curves are shown in Figure 8 below. The optimal parameters are for the cells : 

thickness of perovskite (500nm), doping concentration  of perovskite ( 10
16

cm-3) ,doping concentration of HTM 

( 10
21

cm
-3

), electronic affinity  of HTM (2.8 ev). The final model displays the voltage Voc = 0.88v for the FDT 

and Voc = 1.02v for the spiroometad (Fig.8a). It is indicated at figure 8b that the EQE increases slowly from 

wavelength 300 nm until around 350 nm for FDT and 400nm for Spiro ometad, then remains in a relatively 

steady high position until wavelength 850 nm, before dropping to 1000 nm. The maximum EQE value is 

73.02%  for FDT and 86.37% for spiroometad. From 850 nm, the EQE is low because the corresponding energy 

is lower than the energy band gap of perovskite. Any light with energy below the band gap will not be absorbed 

by the cells. 

 

 
Figure 8 :The plots (a) J/V and (b) EQE 

 

Figure 7: variationVoc (a)  Jsc (b) FF(c) and PCE (d) with electron affinity of perovskite 
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IV. Conclusion and outlook 
The exceptional performance of the perovskite solar cell in terms of efficiency gives great hope for the 

development of photovoltaic solar energy. However, the cost of the perovskite cell darkens this hope because 

the spiroometad compound which is associated with the cell is very expensive. The displayed objective is to 

orient oneself for replacement of spiroometad. The synthesis of FDT molecule derived from spiroometad 

presents itself as the alternative candidate. In addition, it is cheaper and displays almost the same performance as 

the spiroometa. Besides the cost and efficiency problems remains that of the long-term stability of the perovskite 

cell. Research is carried out by everyone in photovoltaics in order to create the perovskite cell which will have 

the golden triangle of solar cell, namely: better efficiency; low cost and good stability over time. The energy 

transition will therefore have a sustainable and efficient solution. 
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