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Abstract. In this research, polymer solar cells (PSC) by configuring ITO/PEDOT:PSS/P3HT:PCBM/Al changed to 

optimize their performance. Modifications are made by varying the thickness of each layer so as to increase the ideal 

thickness with optimal power conversion efficiency (PCE) value. The researchers used GPVDM software to study 

several power conversion efficiency (PCE) parameters of ITO/PEDOT:PSS/P3HT:PCBM/Al solar cells. The results of 

this research show that the power conversion efficiency (PCE) can be increased by adjusting the thickness of the coating, 

this research showed the power conversion efficiency (PCE) was increased from 4.16% to 4.81%. 

 

Keywords: PSC, PCE, GPVDM software, layer thickness modification 

INTRODUCTION 

Solar energy is a reliable alternative energy source because it is abundant and environmentally friendly. In this 

perspective, developing solar cells is one of the best approaches to convert solar energy into electrical energy based 

on the photovoltaic effect. Until now, the advancement of solar cell technology is growing so rapidly. Solar cell 

technology is becoming very important in industry, society, and the environment [1]. Efforts have been made to 

substantially increase the efficiency of solar cells. To explore the potential of solar cells we do not only work 

experimentally but also in simulation. In this study, researchers worked in a simulation. This is because the solar cell 

is a device that can only work according to its function in the right environment. Thus, we must consider the 

interconnection and packaging technology with due regard to the material properties. 

The focus of this research is the simulation of polymer-based solar cells with the configuration 

ITO/PEDOT:PSS/P3HT:PCBM/Al which refers to the research conducted by [2], have investigated J-V 

characteristics of P3HT:PCBM been modeled by solving the drift and diffusion equation for a constant electric field 

in the active layer. And the other research of polymer-based solar cells has been done by [3] by experiment, polymer 

solar cells (PSCs) with the configuration of ITO/PEDOT:PSS/P3HT:PCBM/back electrode with different back 

electrodes of silver (Ag), aluminum (Al), and Ag/Al alloy with various weight percentages were investigated. And 

[4], were analyzed and the simulation system of  current-voltage (I-V)  characteristics of organic photovoltaic cell 

was established by GPVDM software. Result of this research showed that the increase in efficiency is caused by 

optical absorption in the pure polymer layer and  hence  efficient  charge  separation  at  the  polymer  bulk-

heterojunction  interface  between  the  poly(3,4 ethylenedioxythiophene):poly(styrenesulfonate)  (PEDOT:PSS)  

and  poly(3hexylthiophene):phenyl-C61-butyric acid methyl ester (P3HT:PCBM) layer. 

 P3HT:PCBM, these two materials are often used by researchers because they have a high absorption rate in the 

visible light region and have a tendency to be stable. These advantages of polymer material properties provide 

benefits for the advancement of modern solar cells, in addition to being cheaper and more environmentally friendly 
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[5]. In this research, GPVDM simulator is used to simulate solar cells based on ITO/PEDOT:PSS/P3HT:PCBM/Al, 

such as the last research has been done but on perovskite solar cells [6]. Modifications to the thickness of each layer 

are carried out to achieve performance optimization in terms of the value of its power conversion efficiency and 

obtained the ideal thickness. 

MATERIALS AND METHOD 

In this research, researchers use one of the organic solar cells, namely polymer-based solar cells. Polymer solar 

cells are solar cells that use two polymer materials as an active layer where the polymer functions to absorb sunlight 

and generate electrons when sunlight hits the surface of the solar cell [7]. The electrons will then flow through a pair 

of electrodes, namely aluminum (Al) as the cathode below, and go to the transparent anode above it to produce an 

electric current. The active layer is formed by two polymeric materials into a bulk heterojunction structure by being 

mixed to form a composite film [8]. The polymer materials used in this research, P3HT or poly(3-hexylthiophene) 

which is a derivative of polythiophene as an electron donor and mixed with PCBM or [6,6]-phenyl-c61-butyric acid 

methyl ester which is a derivative of poly (p-phenylene vinylene) [9]. The structure of 

ITO/PEDOT:PSS/P3HT:PCBM/Al solar cells can be seen in Figure 1. 

 
(a) 

 
(b) 

FIGURE 1. ITO/PEDOT:PSS/P3HT:PCBM/Al solar cell structure (a) frontside (b) upside 

 

Simulations were carried out using the General Purpose Photovoltaic Device Model (GPVDM). GPVDM 

simulator is a 1D/2D optoelectronic device model, which can be used to simulate solar cells, LEDs, diodes, FETs, 

etc. This simulator is based on solving Poisson equation (1) to obtain voltage  ,  

 
 

  
(    ) 
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where front anode (   ) dan back cathode (   ),    is the permittivity of free space,    is relative 

permittivity,   is the elementary charge,   and   is free electron and hole population [10]. 

Something not less important in solar cells is the offset of band edges of the HOMO and  LUMO  levels will 

prove responsible for the improvement of all photovoltaic properties of the organic solar cells.  Since a  deep  

HOMO  level is desirable for obtaining high open-circuit voltage (VOC) since the maximum value of the  VOC is 
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determined by  the energy difference between the HOMO (Highest Occupied Molecular Orbital) level of the donor 

and  LUMO  (Lowest  Unoccupied Molecular Orbital) level of the acceptor. Drift diffusion equation (momentum 

conservation equation) for electron  

       
   

  
    

  

  
 (2) 

  

for hole 

       
   

  
    

  

  
 (3) 

 

   dan    define the carrier mobility and define         and        , where   is a difference of 

LUMO mobility and vacuum level and    is the difference of HOMO and LUMO mobility. 

To describe carrier trapping, d-trapping recombination used SRH recombination model for electron and hole, 

which assume a steady-state distribution of trapped charge carries in the trap states.  
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This form of the SRH equation is therefore not suitable for time-domain simulations, where trapping or 

recombination via trap states dominate charge dynamics. As the charge carriers can not go out of equilibrium [11]. 

 So, to describe carrier trapping, d-trapping recombination we use SRH recombination model for electron 

and hole. But, SRH equation is not suitable for time-domain simulation. So, to solved this problem the charge 

density of each trap state needed to split space up into energy slices and solved the SRH equation explicitly in the 

time domain. Each trap state gets its rate equation 

 
   

  
                 (5) 

 

rec is the rate at which free electrons get trapped, ree is the rate at which electrons can escape from the trap back to 

the free electron population, rhc is the rate at which free holes get trapped and rhe is the rate at which holes escape 

back to the free hole population. Electron recombination rate (Re) in equation 2 can be calculated by subtracting the 

total number of electrons that escape all traps into the carrier free electron population from the total number of 

electrons captured from the free carrier population into all traps [12]. An analogous procedure is carried out to 

calculate Rh for free holes. For more detail equation resolving and device modeling can be found more detail in [13-

16].  

TABLE 1. Parameters simulation [13] 

Parameters P3HT:PCBM 

Layer thickness (m) 1x10
-7

 

Relative permittivity    3,8 

Bandgap energy (eV) 1,1 

Electron affinity (eV) 3,8 

Electron mobility (m
2
/V.s) 2,48x10

-7
 

Hole mobility (m
2
/V.s) 2,48x10

-7
 

Donor concentration (m
-3

) 4,86x10
26

 

Acceptor concentration (m
-3

) 4,86x10
26

 

 

RESULT AND DISCUSS 

The Optimation method used in our simulation is to fix all parameters and modify one by one until we have the 

parameters that give maximal PCE and from this result can be determined the ideal layer thickness design of 

ITO/PEDOT:PSS/P3HT:PCBM/Al. Figure 2 presented the curve of effect PEDOT:PSS layer thickness on PCE. 
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FIGURE 2. Effect PEDOT:PSS layer thickness on PCE 

From Figure 2 we can note that a PEDOT:PSS layer thickness of 2x10
-8

 m gives the maximal value of 

PCE 4,16% with a fill factor of 75,78%, an open circuit voltage of 0,617 V, and a short circuit of -88,99 

V. So, PEDOT:PSS layer with a thickness 2x10
-8

 m was set and further modified the P3HT layer thickness to obtain 

curve in Figure 3. 
 

 

FIGURE 3. Effect P3HT layer thickness on PCE 

From Figure 3 we obtained a maximal value of PCE which is 4,73% corresponding to P3HT layer thickness of 

3x10
-7

 m, with fill factor 60,84%, an open circuit voltage of 0,6 V, and a short circuit of -129,3 V. Then, 

PEDOT:PSS layer thickness was set at 3x10
-7

 m, and changing the ITO layer thickness we obtained curve in Figure 

4. 
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FIGURE 4. Effect ITO layer thickness on PCE 

In Figure 4 the maximal PCE is 4,8% in the ITO layer thickness of 2x10
-8

 m, with fill factor 60,77%, an open circuit 

voltage of 0,6 V, and a short circuit voltage of -171,7 V. 

 

FIGURE 5. Effect Al layer thickness on PCE 

In the last setting, ITO layer thickness was set to 2x10
-8

 m and Al layer thickness was modified. Figure 5 shows 

the maximum PCE of 4,81%, with a fill factor is 60,8%, an open circuit is 0,6 V and a short circuit is -131,7 V at 

1x10
-7

 m of Al thickness.  

Figures 2 to 5 is presented different layer thickness effects on PCE PEDOT:PSS/P3HT:PCBM/Al solar cell where 

we saw that efficiency increased from 4,16% to 4,81%  optimized parameters. Ideal layer thickness design of 

PEDOT:PSS/P3HT:PCBM/Al solar cell is: PEDOT:PSS layer thickness of 2x10
-8

 m, P3HT layer thickness of 3x10
-7

 

m, ITO layer thickness of 2x10
-8

 m, and Al layer thickness set to 1x10
-7

 m. 
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SUMMARY 

In this paper, the capabilities of GPVDM for analyzing PCE of PEDOT:PSS/P3HT:PCBM/Al solar cells have 

been presented. The coding used in GPVDM can simulate the relevant physics phenomena in submicron and 

nanoscale device scales. Intuitive scripts in this application provide users to define their devices. The simulation 

result from GPVDM shows that the power conversion efficiency (PCE) can be increased by adjusting the thickness 

of the coating, this research showed the power conversion efficiency (PCE) was increased from 4.16% to 4.81%. 

From the simulation result, PCE PEDOT:PSS/P3HT:PCBM/Al solar cell ideal thickness design at PEDOT:PSS 

layer thickness of 2x10
-8

 m, P3HT layer thickness of 3x10
-7

 m, ITO layer thickness of 2x10
-8

 m, and Al layer 

thickness set to 1x10
-7

 m. 

 

ACKNOWLEDGMENTS 

Thanks to the Physics Department, FMIPA, University of Jember and Civil Engineering Department, 

Engineering, University of Muhammadiyah Jember and for support to this work.  

 

REFERENCES 

 

[1] National Renewable Energy Laboratory (NREL), “Chart of The Highest Confirmed Conversion Efficiencies 

for Research Cells for A Range of Photovoltaic Technologies” in https://www.nrel.gov/pv/cellefficiency.html 

access on July 15, 2021. 

[2] K. Pankaj et al. “A Model for The J-V Characteristics of P3HT:PCBM Solar Cells” in J. Appl. Phys (American 

Institute of Physics, Melville, NY, 2009). 

[3] M. S. Laleh, S. F. Jamali. S. Mohammad and Y. Ramin, “The Role of Ag/Al Electrodes in the Improvement of 

PEDOT:PSS/P3HT:PCBM Solar Cells Performance” in IEEE Journal of Photovoltaics (IEEE Publisher, NY, 

2020), pp. 2156-3381. 

[4] S. Taoufik et al, “Theoritical Study of Optical and Electrical Properties of Organic Photovoltaic Cell 

PEDOT:PSS/P3HT:PCBM” in International Journal of Advanced Research in Computer and Communication 

Engineering (Tejass Publisher, India, 2016), pp. 283-286. 

[5] W. Yanmin,  W. Wei, L. Xin and  G. Yijie, “Research  Progress  On  Polymer Heterojunction  Solar  Cells” in 

Solar Energy Materials & Solar Cells (Elsevier, Amsterdam, Dutch, 2011), pp. 129-145. 

[6] D. Puspita, “Optimation of Layers Thickness Design of Perovskite Solar Cell (PSC) Using GPVDM 

Simulation” in Computational and Experimental Research in Materials and Renewable Energy (Physics 

Department, Faculty of Mathematics and Natural Sciences, University of Jember, 2019). 

[7] K. F. Christian, “Polymer Photovoltaik A Practical Approach” (SPIE Publications, USA, 2008). 

[8] G. Serap, N. Helmut and S. N. Serdar, “Conjugated-Polymer Based  Organic  Solar  Cells” in Chemical  

Reviews (ACS Publications, Washington DC, 2007), pp. 1324-1338. 

[9] G. Nadia, K. Jan. M, A. Ronn. B. Paul. W. M, “Degradation  Mechanisms in Organic Photovoltaic  Devices” in 

Organic Electronics (Elsevier, Amsterdam, Dutch, 2012), pp. 432-456. 

[10] E. M. Azzorf. 1987. “Generalized Energy-Momentum Conservation Equation in The Relaxation Time 

Approximation” in Solid-State Electronics (Elsevier, Amsterdam, Dutch, 1987). pp. 913-917. 

[11] GPVDM, “GPVDM Simulate Organic/Perovskite Solar Cells, OFEDs and OLEDs” in GPVDM User Manual 

2021, executive summary on https://www.gpvdm.com accessed on July 25, 2021. 

[12] M. Takashi and M. Masashi. “Theoretical Analysis on Effect of Band Offsets in Perovskite Solar Cells” in 

Solar Energy Materials and Solar Cells (Elsevier, Amsterdam, Dutch, 2015), pp. 8-14. 

[13] M. Roderick. C. I, K. Thomas, D. George. F. A and  N. Jenny, “Modeling  Nongeminate Recombination  in  

P3HT:PCBM  Solar  Cells” in J.  Phys. Chem. C (ACS, USA, 2011), pp. 9806–9813. 

24

https://www.nrel.gov/pv/cellefficiency.html%20access%20on%20July%2015
https://www.nrel.gov/pv/cellefficiency.html%20access%20on%20July%2015
https://www.gpvdm.com/


[14] M. Roderick. C. I, S. Christopher. G, C. Michael. L and N. Jennie. “Extracting Microscopic Device Parameters 

from Transient Photocurrent Measurements of P3HT:PCBM Solar Cells” in Advanced Energy Materials 

(Wiley-VCH, NY, 2012). pp. 662-669. 

[15] D. Felix, R. Daniel, E. Bernhard, von Hauff. Elizabeth, Da Como. Enrico, M. Roderick. C. I, “Increasing 

Organic Solar Cell Efficiency with Polymer Interlayers” in Phys. Chem. Chem. Phys. (Royal Society of 

Chemistry, United Kingdom, 2012), pp 764-769. 

[16] H. Feng, S. Constantinos. C, C. D. Hanh, C. Robert. P. H and K. Mercouri. G, “Lead Free Solid-State Organic–

Inorganic Halide Perovskite Solar Cells” in Nature  Photonics (Nature Publishing Group, London, 2014), pp. 

489-494. 

View publication stats

https://www.researchgate.net/publication/363712059


oid:17800:29342834Similarity Report ID: 

19% Overall Similarity
Top sources found in the following databases:

14% Internet database 14% Publications database

Crossref database Crossref Posted Content database

14% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
mdpi.com 1%
Internet

2
Universitas Pelita Harapan 1%
Submitted works

3
University of Witwatersrand on 2017-03-18 <1%
Submitted works

4
H Hardeli, H Sanjaya, R Resikarnila, R Nitami H. "Solar Cell Polymer Bas...<1%
Crossref

5
aip.scitation.org <1%
Internet

6
repository.unair.ac.id <1%
Internet

7
University of Newcastle upon Tyne on 2019-03-29 <1%
Submitted works

8
123dok.com <1%
Internet

Sources overview

https://www.mdpi.com/1996-1944/13/6/1324/html
https://doi.org/10.1088/1757-899X/335/1/012029
https://aip.scitation.org/doi/10.1063/1.3129320
https://repository.unair.ac.id/114483/1/C14-Artikel.pdf
https://123dok.com/subject/the-exchange


oid:17800:29342834Similarity Report ID: 

9
Universidad de Guadalajara on 2022-11-07 <1%
Submitted works

10
De Montfort University on 2011-09-28 <1%
Submitted works

11
mdpi-res.com <1%
Internet

12
Eom, S.H.. "Preparation and characterization of nano-scale ZnO as a b... <1%
Crossref

13
Myung-Su Kim, Bong-Gi Kim, Jinsang Kim. "Effective Variables To Cont... <1%
Crossref

14
South Bank University on 2021-08-20 <1%
Submitted works

15
University of New South Wales on 2013-10-25 <1%
Submitted works

16
William R. Erwin, Roderick C. I. MacKenzie, Rizia Bardhan. "Understandi...<1%
Crossref

17
repository.unmuhjember.ac.id <1%
Internet

18
Oksana Ostroverkhova. "Organic Optoelectronic Materials: Mechanism... <1%
Crossref

19
Xin-Wei Chen, Si-Lu Tao, Cong Fan, Dong-Cheng Chen, Ling Zhou, Hui L... <1%
Crossref

20
en.wikipedia.org <1%
Internet

Sources overview

https://mdpi-res.com/bookfiles/book/1155/Glassy_Materials_Based_Microdevices.pdf?v=1664191168
https://doi.org/10.1016/j.solmat.2007.12.004
https://doi.org/10.1021/am900155y
http://pubs.acs.org/doi/10.1021/acs.jpcc.8b00786
http://repository.unmuhjember.ac.id/7219/2/abstrak.pdf
http://pubs.acs.org/doi/abs/10.1021/acs.chemrev.6b00127
http://pubs.acs.org/doi/abs/10.1021/acsami.7b07704
https://en.wikipedia.org/wiki/Organic_solar_cell


oid:17800:29342834Similarity Report ID: 

21
linknovate.com <1%
Internet

22
text-id.123dok.com <1%
Internet

23
Heriot-Watt University on 2009-12-21 <1%
Submitted works

24
Jairo C. Nolasco, R. Cabre, L. F. Marsal, Roberto Pacios, Christoph Wal... <1%
Crossref

25
University of Nottingham on 2014-04-11 <1%
Submitted works

26
University of Surrey on 2012-08-14 <1%
Submitted works

27
ejournal2.undip.ac.id <1%
Internet

28
mrs.org <1%
Internet

Sources overview

https://linknovate.com/affiliation/imec-7819/all/?query=solar+cell+parameters
https://text-id.123dok.com/document/wq27jlg2y-dwi-sulistyawati-kep-ns-m-kep.html
https://doi.org/10.1109/SCED.2009.4800517
https://ejournal2.undip.ac.id/index.php/bcrec/article/view/5483
https://mrs.org/s11-abstract-b/

