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INTRODUCTION 

Organic solar cells are considered third-generation solar cells not of the date to be developed 

but on due to the material configuration. These are studied in specific areas such as DSSC, 

polymer-based solar cells, and somehow molecule-dependent solar cells. Organic photovoltaic 

devices have attracted more attention in the last decade to their applications as flexible, 

renewable, non-conservative energy sources. Cheap manufacturing, mechanical flexibility, 

lightweight, and manufacturing at low temperatures are the prime benefits of solar cells. [1-

2]. In 1958, Calvin fabricated the first organic solar cell based on magnesium phthalocyanine 

(MgPc) and obtained an an open-circuit voltage of 200 mV [3].  Later on, the energy conversion 

efficiency of 0.01% was obtained under the wavelength 690 nm based on Al/MgPc/Ag cell [4].
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Abstract: The growing requirement for electricity and its inadequate fossil fuel supply is 

a global concern that's why organic solar cell (OSC) devices had more attraction in the 

last decades for their practical application. In this research study, GPVDM software is 

considered, a 3-D photovoltaic device model, used to observe the outcomes of PTB7: 

PC70BM based organic solar cell. The organic solar cell comprises a PTB7:PC70BM as an 

active layer, indium tin oxide (ITO) serving as a transparent conducting oxide, and front 

electrode, PEDOT: PSS for efficient transporting of holes, while Al is taken as a back metal 

electrode. The electrical simulation via GPVDM has been performed at different active 

layer thicknesses and charge carrier mobility. Furthermore, the influence of varying 

different HTM layers had also been studied. The optimum efficiency of OSC is obtained 

at 200 nm active layer thickness and carrier mobility of 2.46 x 106 m2/Vs. The outcomes 

and performance of the simulated organic solar cell are compared with the practically 

implemented organic solar cell.  This research also suggests a possible path toward the 

efficient implementation of organic solar cells by modifying factors that are significantly 

reliant on the performance and outcomes of OSCs. 
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This type of solar cell was also utilized in conjugated polymers. A device with polyacetylene as 

the absorber layer produced an energy conversion efficiency of 0.3 % and an open-circuit voltage 

of 0.3 V [5]. Tourillon. G et al. proposed an organic solar cell based on Al/poly (3-nethyl-

thiophene)/Pt, which yields open-circuit voltage, fill factor (FF), and external quantum efficiency 

of 0.4 V, 0.3 %, and 0.17 % [6]. Due to the low power conversion efficiencies (PCE) and low 

quantum efficiencies (QE) of single-layer OSC structure, scientists moved to a bilayer structure 

that comprises two layers amid the electrodes. Sariciftci N.S et al. fabricated a C60/MEH-PPV 

bi-layer OSC that yields a FF of 0.48 % and PCE of 0.04 % [7]. Later on, PPV/C60 based organic 

shows QE of 9% and the PCE of 1%, along with the fill factor of 0.48 % [8]. “Halls, J.J et al. 

fabricated an organic cell with an electron donor layer (EDL) of bis(phenethylimido) perylene 

on which PPV layer was deposited, gives peak value of external QE of 6% and a PCE of 1%” 

[9]. Energy conversion efficiency increased dramatically after 2000, rising from 1% to 12% by 

2013 based on these core findings. The photocurrent density of organic solar cells (OSCs) 

generated by solar radiation is already nearing 20 mA/cm2 equivalent to inorganic solar cell 

values [2]. In 2013 the efficiency of OSC was 2.5%, and now, because of the current 

improvement, it has increased to 18% in 2020, which in turn is because of these novel non-

fullerene acceptors [10-11]. 

GPVDM is a free 3-D tool for the simulation of optoelectronic devices, including OLEDs, 

OFETs, and several other forms of solar cells like OSC, perovskite solar cells, CIGS, and CdTe, 

etc. “Hima et al. used GPVDM software to study the effect of some parameters on the efficiency 

of power conversion in planner hetero-junction solar cell based on CH3NH3PbI3 as an absorbing 

layer, .and achieved PCE of 12.9 %” [12]. Afterward, Singh et al. designed a blend of an organic 

photovoltaic cell by GPVDM software at different charge carrier mobilities. They found the 

optimum efficiency of organic solar cell is obtained at 0.510 x 10-6 m2/Vs value of charge carrier 

mobility [13]. Abdulsalam et al. modeled the perovskite-based solar cell. They analyzed that the 

thickness of the absorber layer has a strong influence on cells' performance and outcomes. They 

achieved the maximum PCE at thickness 3 x 107 m [14]. Rastogi et al. have employed the 

GPVDM simulation software to analyze the optical and electrical characteristics of OSC based 

on P3HT:  PCBM organic ingredients. In this study, electrical stimulation was conducted at 

various resistance rates of the series. They concluded that the resistance of the sequence has a 

surprising impact on the J-V properties of the organic solar cell [15]. Talib et al. studied the layer 

thickness effect on hetero-junction solar cells by using GPVDM software. They achieved the best 

performance at a thickness of the active layer 100 nm with the short-circuit current-density value 

of 6.60 mA/cm2, while the simulation data indicates that the blend configuration gives the best 

outcomes at 200 nm [16]. Many additional softwares, such as SCAPS-1D, Silvaco TCAD, 

wxAMPS-1D, and COMSOL, are also useful for simulating different types of solar cells [17-24]. 

As OSC are considered as encouraging renewable energy sources, which are alternatives to the 

inorganic PV cell. In this research study, we primarily focused on different parameters of OSC 

that play an essential role in enhancing its performance. Also, its outcomes are compared with 

the experimental data reported in different literature.   

GPVDM DEVICE MODELING AND SIMULATION  
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A. Device Modeling 

The model solves all electrons, drift-diffusion holes, and carrier continuity equations in location 

space to describe the transport of charge carriers in the device. For the estimation of the 

electrostatic potential, the model also solves Poisson’s equation. The Shockley-Read-Hall 

(SRH) formalism is used to express recombination and carrier trapping in the model, and the 

distribution of trap states can be freely specified [25]. The basic equations used in this model 

are as follows: 

Gauss’s Law:  ∇∈0∈𝑟
 . ∇∅ = q . (n − p)                                                                                                                                           (1)                 

Electron driving terms: Jn = qμen∇Ec + qDn∇n                                                                                                               (2) 

Hole driving terms: Jp = qμhp∇Ev − qDp∇p                                                                                (3) 

Electron continuity Equation: ∇. Jn = q (Rn + Tn +
∂nfree

∂t
)                                                       (4) 

Hole continuity Equation: ∇. Jp = −q (Rp + Tp +
∂pfree

∂t
)                                                          (5) 

The adopted organic solar cell structure (Al/PTB7:PC70BM/PEDOT: PSS/ITO) is a 

characteristic structure in which cell comprises of an absorber layer (PTB7: PC70BM), hole 

transport layer (PEDOT: PSS), which assist the absorber layer in transporting charge carriers, 

ITO (Indium doped tin oxide) and aluminum (Al) which is serving as a front and back contact 

as shown in Fig.1 and Fig.2. 

 

B. Device Simulation Parameters 

All simulation settings and parameters for the active layer in the structure were obtained from 

the different works published in [13-16,26]. The individual materials parameters for the absorber 

layer are entered in terms of traps densities, tail slope, relative permittivity, carrier mobilities, 

the effective density of states, and photonic bandgap. All the prime parameters elaborated in 

Table.1, are utilized for the simulation of the device. To make device modeling easier, the 

refractive index data and the absorption data were gathered from many works of literature.  

Fig. 1: Structure of developed 
organic solar cell (OSC) 

Fig. 2: Schematic view of OSC in GPVDM 
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[27-30]. The operational temperature is set at 300 K. All the simulations are run under these 

conditions. 

 

Table-1: Active Layer Parameters set in simulation 

Parameters name Values  SI units 

Electron trap density 3.8 x 1026 m-3eV-1 

Hole trap density 1.45 x 1025 m-3eV-1 

Electron tail slope 40 x 10-3 eV 

Hole tail slope 60 x 10-3 eV 

Electron mobility 2.48 x 10-7 m2V-1s-1 

Hole mobility 2.48 x 10-7 m2V-1s-1 

Relative permittivity 3.8 Au 

Number of traps 20 Bands 

Free electron to trapped  
Electron 

2.5 x 10-20 m-2 

Trapped electron to free  
Hole 

1.32 x 10-22 m-2 

 Trapped hole to free  
electron 

4.67 x 10-26 m-2 

Effective density of free  
Electron states (300K) 

1.28 x 1027 m-3 

Effective density of free  
Hole  states (300K) 

2.86 x 1025 m-3 

Free hole to trapped hole 4.86 x 10-26 m-2 

Photonic Energy gap (Eg) 1.10 eV 

 

C. Device Model Authentication  
GPVDM is 3-D modeling software that can build and analyze various kinds of solar cells and 

other optoelectronic devices such as OLEDs and OFETS. The correctness of the software has 

been proven by published research [12-16, 31-35]. It evaluated the performance of the device 

from actual experimental characterization to software-generated theoretical results. As an 

effect, it can verify the feasibility and accessibility of cell formation and material values to a 

certain extent. 

RESULTS AND DISCUSSIONS 

A. Effect of Layer Thickness 
Different parameters can increase the productivity in organic solar cells (OSC); one of these is  

the layer thickness of a specific structure. In this research study, electrical stimulation has 
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been done at different active layer 

thicknesses from 50 nm to 200 nm while 

keeping all other parameters the same.  

Table.2, Fig.3 and Fig.4 show the aberration 

in the cell's performance with the thickness 

of the absorber layer.  As shown in Fig. 4, 

the increase in efficiency by increasing 

thickness of absorber layer is due to a more 

significant number of photon absorption 

that produces more electron and hole 

pairs, which is separated by the electric 

field generated by the difference in the 

work function of blend layers and finally 

transported to electrode layers. When the 

active layer thickness surpasses the value of 

100 nm, efficiency (PCE) decreases due to 

the contribution of more excess carriers in 

the recombination. In Jsc vs thickness graph 

(Fig.3), it can be seen by increasing 

thickness, short-circuit current density (Jsc) 

rises and approaches to the optimum value 

of ~135 Am-2 due to more excess charge 

carriers. In Voc vs thickness graph (Fig.3), the 

increase in thickness causes a drop in open-

circuit voltage due to the high 

recombination rate. While in the FF vs 

thickness graph (Fig.4), the fill factor 

degrades as the active layer thickness 

increases due to the escalation of internal 

power depletion. 

 

Table-2: Device Performance at a different absorber layer thickness 

Thickness (nm) Voc  (V) Jsc (A/m2) FF (%) PCE (%)  

50 0.6246 75.70 78.29 3.7 

100 0.6227 75.70 75.74 5.32 

150 0.6086 104.12 72.33 4.58 

200 0.6063 121.65 67.77 4.99 

250 0.6050 135.46 64.62 5.30 

Fig. 3:  Open-circuit voltage (Voc) and short-
circuit current density (Jsc) vs. Active layer 
thickness (nm) 

Fig. 4: PCE (%) and FF (%) vs. Active layer 
thickness (nm) 
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B. Effect of charge carrier mobility 

The extraction and recombination of the charging carriers are two opposing processes in the 

organic solar cell; both are accomplished through the charging carrier's mobility. Increased 

carrier charged mobility would enhance extraction, but it would also increase bi-molecule 

recombination, as it would have a beneficial influence on charge carrier transport. As shown 

in Table.3, Fig.5 and Fig.6, charge carrier mobility was altered from 2.48 x 10-7 to 2.48 x 10-4 

m2/Vs to explore the impact on device performance, and it was determined that the best PCE 

was attained at the mobility value of 2.48 x 10-5 m2/Vs. In the Voc vs Mobility graph (Fig.5), 

open-circuit voltage drops as carrier transport improve because of rising internal power 

depletion, which reduces the influence of a built-in electric field. When the mobility of carrier 

increases, due to better carrier transport at particular edges, short-circuit current density 

rises, resulting in high efficiency and fill factor. As carrier mobility decreases, short-circuit 

current density falls because of separation probability and bad transport of charge carriers, 

resulting in reduced energy conversion efficiency and fill factor, as shown in Fig.5 and Fig.6. 

Table-3: Device performance at different carrier mobility 

Mobility (m2/Vs) Voc  (V) Jsc (A/m2) FF (%) PCE (%)  

2.48e-04 0.5129 122.87 77.94 4.9118 

2.48e-05 0.5662 122.90 78.46 5.4578 

2.48e-06 0.5997 122.90 76.78 5.6522 

2.48e-07 0.6063 121.65 67.74 4.9992 

 

 

Fig. 6: PCE (%) and FF (%) vs Carrier Mobility 
(m2/Vs 
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C. Comparison of different hole transport material 

As HTM plays essential part in achieving high efficiency and steadiness. PEDOT: PSS is 
extensively used HTM in various kinds of solar cells. There are many alternatives of PEDOT: 
PSS, but we have only used Spiro-MeOTAD and Cu2O here. The outcomes of these HTM are 
given in Table.4 below. OSC with HTM PEDOT: PSS gives the power conversion efficiency (PCE) 
up to 6.25 %. Moreover, Spiro-MeOTAD exhibits a PCE of 6.83 %. But Cu2O gives better 
performance and high efficiency of nearly equal to ~7 % among all HTMs as discussed above. 
It shows a superior outcome due to more vital interaction with the absorber layer. Due to its 
low cost, high relative stability, wide bandgap and high p-type conductivity and, Cu2O has the 
ability to replace Spiro-MeOTAD in organic solar cells. 
 

Table-4: Comparison of different HTM Layers 

HTM Layers Voc  (V) Jsc (A/m2) FF (%) PCE (%)  

PEDOT:PSS 0.5992 137.73 75.8964 6.2554 

Spiro-MeOTAD 0.6014 149.73 75.6598 6.8138 

Cu2O 0.6042 152.67 75.6891 6.9812 

 

D. Optical Simulation Result of GPVDM 

GPVDM always performs an optical simulation even if the light intensity is not set to zero, and 

it will not dump it calculates to disk as this is too slow. Therefore, there is an optical window 

to explore the optical performance of the device in more detail. Fig.7 shows the peaks for the 

absorption of photons in each material. It is visible from the graph that the peak increases 

from 0 nm to 200 nm in which absorber material is positioned. The rise in Aluminum layers 

indicates that some amount of photon is also absorbed in the aluminum layer.  

 

Fig. 7: Photon distribution-localization energy variance of investigated OSC 
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 E. Comparison with Experimental Results 

The electrical simulations of organic solar cells are compared to some experimental results 

in the Table. 5. Experimental findings reported in the scientific literature are found to be 

close to simulated device performance characteristics. The results show that correct 

parameter selection, such as thickness, mobility, and proper HTM layer selection, contribute 

to high device power conversion efficiency, current density, and open-circuit voltage. 

 

Table- 5: Comparison of Experimental Results with Simulated Results 

Experimental Result [36] 

Polymer blend Jsc (mA/ cm2) Voc (V) FF (%) PCE (%) 

PTB1/PC60BM 12.5 0.58 65.4 4.8 

PTB1/PC70BM 15.5 0.58 62.3 5.6 

PTB2/PC60BM 12.8 0.60 66.3 5.1 

PTB3/PC60BM 13.9 0.72 58.5 5.9 

PTB4/PC60BM 13.0 0.74 61.4 6.1 

PTB4/PC70BM 14.8 0.70 64.6 7.1 

PTB5/PC60BM 10.7 0.66 58.0 4.1 

PTB6/PC60BM 7.74 0.62 47.0 2.3 

Simulated Result 

PTB7/PC70BM 15.27 0.60 75.7 6.98 

CONCLUSION 

The The organic solar cell is structured as ITO/PEDOT: PSS/PTB7:PC70BM/Al and designed 

by GPVDM. From the simulation, it is found that the output parameters % PCE, % FF, Voc, 

and Jsc at absorber layer thickness 250 nm and carrier mobility 2.46 x 10-6 m2/Vs utilizing 

Cu2O as an HTM are 6.98 %, 75.6 %, 0.60 V and 15.27 mA/cm2, which is also compared with 

the performance of the experimental organic solar cell.  Furthermore, the effect of absorber 

layer thickness, carrier mobility, and hole transport material on device performance was 

studied. Absorber layer thickness optimization shows that 250 nm thickness for an organic 

solar cell is suitable for photovoltaic characteristics. And charge carrier mobility in this range 

delivers the best performance. This study also gives hypothetical direction towards the 

efficient realization of organic solar cells by adjusting their parameters on which the 

performance of the organic solar cell is highly dependent.  
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