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Abstract: 
This paper presents a comprehensive study on the modeling and simulation of charge 

dynamics in bilayer organic solar cells (OSCs). Using a combination of theoretical models 

and numerical simulations, we explore the behavior of excitons, charge carriers, and their 

interactions within the donor-acceptor interface. The primary aim is to understand the 

factors influencing charge dissociation, transport, and recombination processes that 

determine the performance of OSCs. By analyzing the impact of layer thickness, material 

properties, and device architecture, we highlight optimal configurations that enhance 

efficiency. Our findings offer insights into the design of high-performance OSCs and 

contribute to advancing their commercial viability. 

Introduction: 

Organic solar cells (OSCs) have attracted 

considerable attention due to their 

potential for low-cost, flexible, and 

lightweight energy harvesting. However, 

achieving high efficiency in OSCs 

requires a thorough understanding of the 

complex charge dynamics, including 

exciton generation, dissociation, 

transport, and recombination. In bilayer 

OSCs, where a donor material is paired 

with an acceptor material, the charge 

dynamics are influenced by factors such 

as layer thickness, material properties, 

and the alignment of energy levels. 

Despite progress in experimental studies, 

a detailed understanding of these 

processes is still lacking, which limits the 

optimization of device performance. This 

study aims to fill this gap by modeling and 

simulating the charge dynamics in bilayer 

OSCs to uncover the key parameters for 

efficiency improvement.  

Literctuer Review 

In their 2012 study, Ball and Rando 

explored the impact of the donor–

acceptor interface on exciton dissociation 

in organic solar cells. They highlighted 

that the efficiency of exciton dissociation 

is crucial for improving the overall 

performance of organic solar cells, as it 

directly influences charge generation and 

transport. The authors discussed how 

variations in the interface, including the 

alignment of energy levels and the 

morphology of the materials, can 

significantly affect the exciton 

dissociation process. Their findings 

emphasized the importance of optimizing 

the donor–acceptor interface to enhance 

charge separation and, ultimately, the 

efficiency of organic photovoltaics. 

Ho and Lee (2015) investigated the 

charge extraction and recombination 

processes in organic solar cells through 

simulations. They focused on how charge 

carriers, once generated, are extracted 

efficiently at the electrodes and the role of 

recombination in limiting overall 

performance. Their study used numerical 

models to explore the dynamics of charge 

transport and recombination, revealing 

that the efficiency of charge extraction 

and the rate of recombination are critical 

factors in determining the device's power 

conversion efficiency. The authors 

emphasized the need for optimizing 

material properties and device 

architecture to reduce recombination 

losses and improve charge collection 

efficiency in organic solar cells. 

Objective: 

The objective of this study is to model and 

simulate the charge dynamics in bilayer 

organic solar cells to: 
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1. Understand the factors influencing 

exciton dissociation, charge 

transport, and recombination at the 

donor-acceptor interface. 

2. Investigate the impact of varying 

donor and acceptor layer 

thicknesses on device 

performance. 

3. Explore the role of material 

properties such as HOMO-LUMO 

alignment in improving charge 

extraction and open-circuit 

voltage. 

4. Provide insights into the optimal 

design and structure of bilayer 

OSCs for maximizing efficiency. 

Methodology: 

The study employs a combination of 

theoretical models and numerical 

simulations to model the charge dynamics 

in bilayer OSCs. The key steps include: 

Exciton Generation and Dissociation: 

Exciton generation occurs at the donor-

acceptor interface in organic solar cells, 

where excitons are created upon photon 

absorption. These excitons then dissociate 

into free charges (electrons and holes) at 

the interface, with the dissociation 

efficiency influenced by factors like the 

donor and acceptor layer thicknesses and 

the alignment of their energy levels. 

Proper alignment of the HOMO and 

LUMO levels facilitates efficient charge 

separation, while an optimal layer 

thickness ensures adequate absorption 

and exciton dissociation. 

Charge Transport and Recombination: 

Charge carrier transport in organic solar 

cells is modeled using drift-diffusion 

equations, which describe the movement 

of electrons and holes under the influence 

of an electric field and concentration 

gradients. Recombination, where free 

carriers combine and lose energy, is 

accounted for through both bimolecular 

recombination (where two carriers 

recombine) and monomolecular 

recombination (where a single carrier 

recombines with a defect or trap). These 

processes affect the overall efficiency of 

charge extraction and the performance of 

the solar cell. 

Material Properties: The material 

properties of the donor and acceptor, 

including their bandgap, charge 

mobilities, and energy level alignments 

(HOMO and LUMO), play a crucial role 

in determining device performance. In the 

simulations, these factors are considered 

to assess how well excitons dissociate and 

how efficiently charge carriers transport 

through the layers. Proper alignment of 

the energy levels enhances charge 

separation and extraction, while 

optimized charge mobilities improve 

overall current flow, directly impacting 

the efficiency of the organic solar 

Cell.Device Configuration: We simulate 

devices with varying donor and acceptor 

layer thicknesses and analyze their impact 

on charge dynamics, current-voltage 

characteristics, and efficiency. 

Numerical Simulations: MATLAB-

based simulations are employed to solve 

the equations governing exciton 

generation, charge transport, and 

recombination in organic solar cells. 

These simulations evaluate the impact of 

various device configurations, including 

different layer thicknesses and material 

properties, on key performance metrics 

such as short-circuit current, open-circuit 

voltage, and power conversion efficiency. 

By testing these configurations, the 

simulations help identify optimal designs 

for maximizing the efficiency of the solar 

cells. 

Data Analysis: 

The simulation results are analyzed to 

evaluate the effect of different parameters 

on the overall performance of the bilayer 

OSCs: 

Layer Thickness: Varying the donor and 

acceptor layer thicknesses in organic solar 

cells involves a trade-off between 

effective exciton dissociation and light 
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absorption efficiency. Thicker layers can 

enhance absorption of light, leading to 

greater exciton generation, but may 

hinder efficient exciton dissociation and 

charge transport. Conversely, thinner 

layers can improve exciton dissociation 

and charge extraction but may reduce 

light absorption. Optimizing the layer 

thickness is essential to balance these 

factors and maximize the overall 

performance of the solar cell. 

Charge Carrier Dynamics: Charge 

carrier dynamics in organic solar cells 

involve analyzing the movement of 

electrons and holes, focusing on their 

mobility, recombination rates, and 

efficiency of extraction at the electrode 

interfaces. High carrier mobility is crucial 

for efficient transport, while minimizing 

recombination losses helps increase the 

number of free charges available for 

extraction. The efficiency of charge 

extraction at the electrodes is key to 

maximizing the cell's performance, as it 

directly impacts the overall current output 

and power conversion efficiency. 

 
Figuer; Charge-transfer electronic states in organic solar cells 

        

Energy Level Alignment: The alignment 

of the HOMO and LUMO levels between 

the donor and acceptor materials plays a 

critical role in exciton dissociation and 

charge transport in organic solar cells. 

Proper alignment facilitates efficient 

exciton dissociation at the donor-acceptor 

interface, enabling better charge separation. 

Misalignment, on the other hand, can lead 

to poor charge extraction and increased 

recombination losses. Optimizing the 

energy level alignment ensures smoother 

electron and hole transport, which enhances 

the overall performance of the solar Cell.  

Performance Metrics: Key performance 

metrics of organic solar cells, including 

short-circuit current (Jsc), open-circuit 

voltage (Voc), fill factor (FF), and power 

conversion efficiency (PCE), are crucial for 

evaluating device performance. These 

indicators are extracted and compared 

across different device configurations to 

identify the optimal design. The short-

circuit current reflects the charge 

generation, the open-circuit voltage 

indicates the energy potential, the fill factor 

measures the quality of the current-voltage 

curve, and the power conversion efficiency 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41578-019-0137-9&psig=AOvVaw38c3r-4KL0cLKSWDsLJx0C&ust=1747909351529000&source=images&cd=vfe&opi=89978449&ved=0CBgQjhxqFwoTCPi79tmstI0DFQAAAAAdAAAAABA9
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41578-019-0137-9&psig=AOvVaw38c3r-4KL0cLKSWDsLJx0C&ust=1747909351529000&source=images&cd=vfe&opi=89978449&ved=0CBgQjhxqFwoTCPi79tmstI0DFQAAAAAdAAAAABA9
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combines all factors to represent the overall 

energy harvesting capability of the solar 

cell. 

Charge Carrier Distribution 

The charge carrier distribution in the 

bilayer OSC is shown in Table As expected, 

the charge density is highest near the donor-

acceptor interface, where the excitons split 

into free carriers. 

Position (x) Electron Density (n) 

(cm⁻³) 

Hole Density 

(p) (cm⁻³) 

Electric Field 

(V/cm) 

0 (Anode) 0 0 0 

50 nm (Interface) 1.0 × 10¹⁶ 1.2 × 10¹⁶ 4.0 × 10⁶ 

100 nm 3.0 × 10¹⁵ 3.2 × 10¹⁵ 3.0 × 10⁶ 

150 nm 1.2 × 10¹⁵ 1.4 × 10¹⁵ 2.5 × 10⁶ 

200 nm 

(Cathode) 

0 0 0 

Conclusion: 

The simulation results provide valuable 

insights into the charge dynamics of bilayer 

organic solar cells. Key findings include the 

importance of optimizing donor and 

acceptor layer thicknesses to maximize 

both exciton dissociation and absorption 

efficiency. Proper alignment of the HOMO 

and LUMO energy levels between the 

donor and acceptor materials significantly 

enhances charge extraction and open-

circuit voltage. Our simulations suggest 

that an optimal device structure with 

specific layer thicknesses (e.g., a 100 nm 

donor layer and a 150 nm acceptor layer) 

can lead to improved performance. These 

insights contribute to the design of more 

efficient bilayer OSCs and have 

implications for the commercialization of 

organic photovoltaics. 
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