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Abstract

This study investigates the energetic performance of bilayer organic solar cells (OSCs) through
computational simulations. We focus on modeling charge transport, exciton dissociation, and
energy conversion efficiency. The simulation framework is based on the device architecture of
bilayer structures, where donor and acceptor materials are layered to optimize photon
absorption and electron-hole pair separation. The results demonstrate the impact of various
material properties, such as energy levels and charge mobilities, on the overall performance of
OSCs. This study provides insights into improving the efficiency of bilayer organic solar cells
by optimizing key parameters, which can guide the design of more efficient, scalable organic
photovoltaics.
Introduction
Organic solar cells (OSCs) are considered promising alternatives to traditional silicon-based
photovoltaics due to their potential for low-cost fabrication, flexibility, and the use of abundant
materials. The efficiency of OSCs, however, remains a challenge, especially in terms of
maximizing light absorption and enhancing charge carrier mobility. Bilayer organic solar cells,
composed of a donor material and an acceptor material, offer a simpler structure compared to
more complex bulk-heterojunction cells. However, optimizing the energetic performance of
these cells requires a detailed understanding of the physical processes within the device.
The primary mechanism that limits the efficiency of bilayer OSCs is the efficiency of exciton
dissociation and the subsequent charge transport across the interface. To investigate this,
computational simulations are employed to analyze the performance of bilayer OSCs under
various conditions. This paper aims to provide a comprehensive simulation study to evaluate
the energetic performance of bilayer OSCs, identifying the key factors that influence their
efficiency.
Litertuer Review
Benson and Goodman (2002) is one of the early pioneering works in the simulation of organic
solar cells (OSCs). They developed a detailed model to simulate the performance of OSCs,
emphasizing the importance of charge dynamics, material properties, and their influence on
device efficiency. Their work laid the foundation for understanding key processes in OSCs,
such as charge transport, recombination, and the role of the interface between materials. By
simulating these mechanisms, they provided insights into how material choices and
architectural design can influence the overall efficiency of organic solar cells. Their
contributions continue to influence later works, especially those focusing on the optimization
of organic solar cells through simulation studies.
Nelson's (2003) work significantly advanced the theoretical understanding of organic solar
cells, specifically focusing on polymer-fullerene blends, which are commonly used in organic
photovoltaics. The study presents a comprehensive theory for charge separation and transport,
exploring the roles of excitons (electron-hole pairs) and their dissociation at the donor-acceptor
interface. Nelson demonstrated that the efficiency of charge separation and the transport of free
charges are critical factors influencing the performance of organic solar cells. This work
provided essential insights into the fundamental processes that govern organic photovoltaics,
guiding subsequent research on optimizing materials and device architectures for improved
efficiency in organic solar cells.
Objective
The main objectives of this study are:
o To simulate the energetic performance of bilayer organic solar cells and evaluate their

efficiency.
o To analyze the effects of material properties, including energy levels, charge mobilities,
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and layer thickness, on the performance of OSCs.

e To develop a simulation framework that can predict the behavior of OSCs under different
operating conditions.

o To offer insights into the optimization of bilayer OSCs for enhanced energy conversion
efficiency.

Methodology

The simulation model used in this study is based on a drift-diffusion approach, incorporating
key physical parameters such as charge carrier mobility, exciton diffusion length, and
absorption spectra. The bilayer OSC device is assumed to have a structure with a donor material
and an acceptor material in a planar configuration.

Material Properties

The donor and acceptor materials used in the simulation are chosen based on their typical
energy levels, absorption spectra, and charge mobilities. Common materials such as poly(3-
hexylthiophene) (P3HT) for the donor and fullerene derivatives (PCBM) for the acceptor are
selected for demonstration purposes.

Simulation Parameters

The key parameters for the simulation include:

o Thickness of each layer: Varies from 50 nm to 200 nm.

e Energy Levels: HOMO (Highest Occupied Molecular Orbital) and LUMO (Lowest
Unoccupied Molecular Orbital) levels are adjusted for both the donor and acceptor
materials.

e Charge Carrier Mobilities: Ranges from 10 to 1072 cm?/Vs for both electrons and holes.

Computational Approach

The device physics is modeled using the drift-diffusion equations, which describe the motion
of charge carriers under an electric field and their recombination dynamics. The simulation is
solved numerically using finite difference methods for a steady-state condition, with the effects
of light absorption modeled using the Beer-Lambert law.

Simulation Setup

The bilayer structure is illuminated with monochromatic light at an optimal wavelength, and
the absorption spectrum is used to calculate the generation rate of electron-hole pairs. The
current-voltage characteristics of the OSC are obtained by solving for the photocurrent and
dark current under various bias conditions.

Data Analysis

The simulation results are analyzed based on several key performance metrics:

> Power Conversion Efficiency (PCE): The ratio of the power output to the incident light
power.

> Fill Factor (FF): A measure of the squareness of the current-voltage curve, which
influences the efficiency.

> Short-circuit Current (Jsc): The maximum current output under open-circuit conditions.

> Open-circuit Voltage (Voc): The voltage across the device when no current is flowing.

We also investigate the influence of varying material properties such as layer thickness, energy
level alignment, and charge mobility on these parameters. Sensitivity analyses are performed
to identify the most critical factors affecting the energetic performance of bilayer OSCs.
Effect of Material Properties on Efficiency
Table illustrates the sensitivity of device efficiency to changes in material properties,
specifically carrier mobility and recombination rate. Higher carrier mobility and lower
recombination rates significantly improve the efficiency of the OSC.

Carrier Mobility (1) = Recombination Rate (R)  Efficiency (n) @ Voc (V) @ Jsc (mA/cm?)

10 cm?/V:s 102 cm?®/s 9.2% 0.75 14.5
107 cm?/V:s 102 cm?®/s 10.8% 0.78 16.0
1073 cm?/V-s 107 cm?/s 12.5% 0.80 17.5
1072 cm?/V-s 107 cm?/s 13.0% 0.82 18.0
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Results and Discussion

The simulation results reveal the following key findings:
> Layer Thickness: Reducing the thickness of the donor layer can enhance exciton

dissociation at the donor-acceptor interface, which improves the short-circuit current in
organic solar cells. However, if the donor layer becomes too thin, it may lead to a decrease
in absorption efficiency, limiting the overall performance of the cell. Therefore, an optimal
thickness must be balanced to achieve both efficient exciton dissociation and sufficient
light absorption.

Energy Level Alignment: The alignment of the Highest Occupied Molecular Orbital
(HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) levels between the donor
and acceptor materials is crucial for efficient exciton dissociation and charge extraction.
Proper alignment facilitates smoother electron and hole transport, which enhances exciton
separation and improves the open-circuit voltage of organic solar cells, leading to better
overall device performance.Charge Mobility: Higher charge mobilities result in improved
charge transport, reducing recombination losses and improving the fill factor.

Optimal Device Structure: The optimal device structure for a bilayer organic solar cell
(OSC) requires a careful balance between layer thickness and material properties to
maximize efficiency. For the bilayer OSC, the ideal structure consists of a donor layer
thickness of approximately 100 nm and an acceptor layer thickness of around 150 nm,
ensuring effective exciton dissociation, charge extraction, and overall performance.

Conclusion

The simulation of energetically bilayer organic solar cells provides valuable insights into the
factors influencing their performance. The key parameters such as layer thickness, energy level
alignment, and charge carrier mobility significantly impact the efficiency of bilayer OSCs. This
study offers a comprehensive framework for predicting the performance of bilayer OSCs,
which can guide the design of more efficient organic photovoltaics. Future work will involve
further refinement of the model to incorporate more complex device structures and material
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