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The global energy landscape is in the midst of a transformative shift,
compelled by the urgent need to reduce our reliance on fossil fuels and
embrace eco-friendly alternatives. Organic photovoltaics (OPVs) have
emerged as a promising alternative, offering the distinct advantage of
performing well in low-light conditions, including indoor environments.
Extensive research and development efforts are dedicated to realizing the
full potential of OPVs as adaptable, cost-effective, and environmentally
friendly solar energy solutions. This paper conducts a thorough examination
of the intricate characterization of organic solar cells, with a specific
emphasis on crucial parameters like power conversion efficiency, open-
circuit voltage, and fill factor. The study utilizes a single diode model to
simulate these cells' behavior, employing a meticulous process for parameter
extraction. This method leverages Origin software and Python programming,
incorporating open-source packages to ensure robust validation. This
systematic and rigorous approach significantly enhances our comprehension
of OPVs and plays a substantial role in optimizing their performance. In
essence, this research represents a significant step forward in advancing
sustainable energy technologies, laying a foundation for a greener and more
environmentally conscious future.
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NOMECLATURE
: Solar irradiance (W/m?) Prax : Maximum electrical power
I : Output current R, : Electrical load
I, : Photocurrent R : Series resistance
Iypp : Current at maximum power point Rey : Shunt current through Ry
Isc : Short circuit current T : Temperature
Iy : Reverse saturation current of diode I : Reverse saturation current of diode D1
n - Ideality factor of diode D, Iy, : Reverse saturation current of diode D
ny - Ideality factor of diode D %4 : Voltage generated
n, - Ideality factor of diode Vupp : Voltage at the maximum power point
Vet @ Thermal voltage Voc : Open circuit voltage
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Ng - Number of cells D, &D, :Diode

e : Charge of electron q : Charge

Vp : Diode voltage k : Boltzmann constant

Vey  : Output voltage I : Reverse-bias saturation current

CSV : Comma separated values

1. INTRODUCTION

The global energy scenario is experiencing a significant transformation, driven by the need for
sustainable practices and environmental responsibility. While fossil fuels have historically dominated the
energy mix, there is a growing shift towards cleaner alternatives such as renewable energy sources. This
transition is supported by advancements in technology, declining costs, and favorable policies. Efforts to
improve energy efficiency, electrify various sectors, and promote decentralized energy systems are gaining
momentum. Furthermore, addressing energy access and equity remains a crucial aspect of global energy
initiatives. By embracing responsible energy practices, we can mitigate climate change, reduce greenhouse
gas emissions, and pave the way for a greener and more sustainable future [1]. Solar photovoltaics (PV) have
a crucial role in the global energy scenario, contributing to the transition towards cleaner and sustainable
energy sources. Solar PV systems harness sunlight to generate electricity, reducing dependence on fossil
fuels and mitigating greenhouse gas emissions. With falling prices and cost competitiveness, solar PV is
increasingly accessible and economically viable. Its scalability, diverse applications, and integration with
energy storage make it a versatile solution for decentralized energy generation, enhancing energy
independence and resilience. Moreover, solar PV stimulates job creation, supports local economic
development, and fosters a more sustainable and resilient energy future [2].

Organic photovoltaics (OPVs) present an alternative to conventional solar PV with distinct
advantages in the global energy landscape. Their flexibility and versatility enable integration into various
applications like flexible solar panels and wearable electronics. OPVs offer scalability and low-cost
production using solution-based techniques, making solar energy more accessible, especially in emerging
markets. They demonstrate improved performance under low light conditions, expanding their utility in
indoor environments. With lower environmental impact and potential recyclability, OPVs align with
sustainable practices. Although efficiency and stability are areas for ongoing improvement, OPVs hold
promise as they can be seamlessly integrated into building design and complement traditional PV
technologies. Ongoing research and development efforts continue to enhance OPVs' potential in the overall
energy scenario as a flexible, cost-effective, and environmentally friendly solution for solar energy
generation [3]. Organic solar cells, also known as OPVs, are a type of solar cell technology that utilizes
organic materials, typically polymers or small molecules, to convert sunlight into electricity. Unlike
traditional inorganic solar cells, which predominantly use silicon as the active material, organic solar cells
rely on organic semiconductors to absorb light and generate electrical current. These organic materials can be
deposited onto flexible substrates using low-cost manufacturing techniques such as printing or coating,
enabling the production of lightweight, flexible, and potentially transparent solar panels. Organic solar cells
offer the potential for low-cost and large-scale production, as well as unique applications in areas such as
wearable electronics, building-integrated photovoltaics (BIPV), and other emerging technologies. Ongoing
research and development efforts aim to improve organic solar cells' efficiency, stability, and commercial
viability to enhance their role in the renewable energy landscape [3].

Characteristics parameters of organic solar cells, also known as OPVs, include power conversion
efficiency (PCE), open-circuit voltage (V,.), short-circuit current (Ig.), fill factor (FF), external quantum
efficiency (EQE), stability and degradation, material absorption range, and manufacturing cost. PCE
represents the ability to convert sunlight into electricity, while V. and I, indicate the maximum voltage and
current output, respectively. FF quantifies charge extraction efficiency, and EQE measures the percentage of
incident photons converted to charge carriers. Stability, material absorption range, and manufacturing cost
are also essential considerations. Evaluating and optimizing these parameters enables the assessment of
organic solar cells' performance, efficiency, stability, and cost-effectiveness, promoting their potential as a
sustainable and economically viable solution for renewable energy generation [4], [5]. Efficiency is
determined by the PCE of the cell, which is expressed as a percentage. Higher PCE values indicate more
efficient energy conversion. The efficiency of organic solar cells has been steadily improving over the years,
with current state-of-the-art OPVs achieving PCE values exceeding 18%. This progress is attributed to
advancements in organic materials, device engineering, and fabrication techniques. Researchers are
continuously exploring novel materials and device architectures to enhance light absorption, charge transport,
and charge extraction within organic solar cells. Efforts are also focused on reducing energy losses due to

Int J Elec & Comp Eng, Vol. 14, No. 2, April 2024: 1263-1273



IntJ Elec & Comp Eng ISSN: 2088-8708 O 1265

non-radiative recombination and improving the stability of organic solar cells. Increasing efficiency is crucial
for making organic solar cells a competitive alternative to traditional inorganic solar cells and accelerating
their commercial adoption as a sustainable and efficient renewable energy technology [6].

Accurate characterization of OPV solar cells is indispensable for predicting their current-voltage
(1-V) traits and extracting essential intrinsic parameters. This process is pivotal for comprehending the
fundamental physics and optimizing the overall performance of these devices. Leveraging sophisticated
computational methodologies and mathematical models, researchers can effectively simulate the operational
behavior of OPVs across diverse conditions. This modelling framework facilitates the precise determination
of critical parameters, including open-circuit voltage, short-circuit current, fill factor, and power conversion
efficiency. The |-V attributes derived from modelling can be corroborated by empirical measurements,
thereby enhancing the credibility and precision of the models. Ultimately, the utilization of modelling
techniques for OPV solar cells constitutes an essential instrument, fostering insights into their operational
characteristics, steering advancements in design, and expediting their integration into real-world applications
within the renewable energy sector [7], [8]. Figure 1, the single diode model, as expounded in the preceding
response, stands as a valuable mathematical asset in emulating the current-voltage (I-V) traits of OPV solar
cells. This model portrays the OPV cell as an analogous electrical circuit comprising a solitary diode,
encompassing the pivotal charge transport and recombination mechanisms. By assimilating parameters
garnered from both modelling exercises and empirical data, the single diode model adeptly anticipates the
I-V curve of the OPV cell across varied operational scenarios. This model lays the groundwork for refining
crucial performance indicators such as open-circuit voltage, short-circuit current, fill factor, and power
conversion efficiency. While the single diode model streamlines the intricate physics inherent in OPV cells,
more advanced models are concurrently being refined to encompass supplementary phenomena.
Notwithstanding, the single diode model endures as an efficient and extensively employed instrument for
comprehending and enhancing the operational characteristics of OPV devices [9]-[12].

I

. —>
ANA——
G
A
W
A Ve

b1 Rou

Figure 1. OPV model with one diode

)

V+IRgy
I=1,-1, le nT —1J—V”R5

RsH

Figure 2, the dual diode model serves as an advanced mathematical framework employed to
simulate the I-V attributes inherent to OPV solar cells. This model integrates a pair of diodes to encapsulate
the intricate charge transport and recombination mechanisms within the device. One diode encapsulates bulk
charge transport and recombination, while the other diode delineates charge transfer and recombination
transpiring at interfaces. Through the consideration of diverse parameters and a precise portrayal of the
physical dynamics of the OPV cell, the dual diode model furnishes an accurate emulation of the 1-V curve. In
doing so, it optimizes crucial performance metrics encompassing open-circuit voltage, short-circuit current,
fill factor, and power conversion efficiency. Despite introducing augmented intricacy, this model enriches the
comprehension and design of OPV devices [9]-[12].
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The parameter extraction process for organic solar cells is essential for accurately determining key
device parameters that characterize their performance. It involves a combination of experimental
measurements, electrical characterization techniques, and numerical modelling. Through 1-V measurements
under various illumination conditions, parameters such as Voc, Isc, FF, and PCE are directly determined.
Numerical models, including the single diode or double diode models, complement experimental data by
extracting intrinsic parameters like series resistance, shunt resistance, and ideality factor. The accurate
extraction of these parameters aids in understanding device performance, guiding optimization efforts, and
facilitating the design of more efficient and reliable organic solar cells [13]. In this paper, a single diode
model of an organic solar cell has been utilized for the purpose of parameter extraction. The extraction
process consists of two main steps: initially, the solar 1-V model was employed in the Origin software to
extract the parameters, followed by validation using the Brano et al.’s model [14], [15]. To implement
this model, Python programming language was employed, and open-source packages such as
scipy.optimize.least_square were utilized. The parameter extraction methodology involved the use of the
solar I-V model in the Origin software. This model allowed for the determination of various key parameters
of the organic solar cell. Once the parameters were obtained, this model was employed to validate the
extracted values. This model, implemented in Python, facilitated the verification of the extracted parameters
and ensured the reliability of the results. To accomplish the implementation of this model in Python, several
open-source packages were utilized. One such package, scipy.optimize.least_square, provided optimization
algorithms for minimizing the residuals between the experimental and simulated data. By employing these
algorithms, the accuracy of the parameter extraction process was enhanced. Further details and explanations
regarding the entire working process will be elaborated in the subsequent sections of the paper. These
sections will provide a comprehensive understanding of the methodology employed, the steps taken, and the
specific details related to the parameter extraction and validation process. Overall, this paper presents a
detailed and systematic approach to parameter extraction in organic solar cells, utilizing a single diode model
and validating the results through this model implemented in Python. The use of open-source packages and
software tools ensures the reproducibility and transparency of the methodology, thereby enhancing the
credibility of the obtained results.
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Figure 2. OPV model with double diode

The investigation pertaining to parameter derivation in organic solar cells through the utilization of
the single diode model has predominantly revolved around devising precise and streamlined techniques to
delineate the electrical attributes of these systems. The single diode model delineates an organic solar cell as
a diode interconnected in parallel with a resistor, with its parameters ascertained by synergizing empirical
measurements and mathematical simulation [16]. One commonly employed technique for parameter
extraction is the fitting of I-V curves. Researchers compare the experimental 1-V characteristics of the solar
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cell with the predictions of the single diode model to determine the values of the model parameters. This
approach has been extensively utilized in numerous studies and provides valuable insights into the
performance and efficiency of the device [17]. The scholarly literature on parameter extraction of organic
solar cells using the single diode model highlights the diverse approaches employed to characterize the
electrical properties and optimize the performance of these devices. Experimental measurements,
mathematical modelling, and optimization techniques all play crucial roles in advancing the understanding
and development of organic solar cell technologies. The process of parameter extraction begins with the
acquisition of 1-V curves, which describe the relationship between the current passing through the solar cell
and the voltage applied across it. These experimental measurements serve as the basis for comparing with the
predictions of the single diode model. The model represents the solar cell as a diode in parallel with a
resistor, capturing the essential electrical characteristics of the device [18]. In the pursuit of parameter
extraction within the context of the single diode model, investigators employ the utilization of curve fitting
methodologies. Empirical 1-V curves are harmonized with theoretical 1-V curves produced by the model, the
objective being to minimize disparities between the two datasets. This fitting procedure serves to unveil
pivotal parameters, encompassing the diode ideality factor, series resistance, shunt resistance, and
photocurrent. The diode ideality factor provides insight into the efficacy of charge carrier transportation
across the diode junction within the solar cell. The series resistance accommodates resistive losses transpiring
within the device, while the shunt resistance encapsulates inadvertent parallel pathways permitting current to
circumvent the active region of the solar cell. The photocurrent parameter quantifies the magnitude of current
generated by the solar cell under the influence of illumination [19]. While 1-V curve fitting is a widely used
approach, researchers have also explored alternative methods such as impedance spectroscopy (IS) analysis.
IS analysis involves applying an alternating current (AC) signal with varying frequencies to the solar cell and
measuring the resulting impedance. The impedance response provides information about the device's
electrical properties, including the series resistance, shunt resistance, and capacitance. By analyzing the
impedance spectra obtained from IS measurements, researchers can extract additional parameters that
contribute to a more comprehensive understanding of the solar cell's behavior The series resistance represents
the resistive losses within the device and affects its overall performance. The shunt resistance accounts for
any parallel paths that allow current to bypass the active region, leading to reduced efficiency.

The capacitance parameter reflects the energy storage capability of the solar cell [20]. Furthermore,
researchers have turned to advanced optimization algorithms to improve the efficiency and accuracy of
parameter extraction. Genetic algorithms and particle swarm optimization are two examples of optimization
techniques employed in this context. These algorithms search for the best-fit values of the parameters by
iteratively modifying them and evaluating the resulting simulated 1-V curves or impedance spectra against
the experimental data [21], [22]. In [23] genetic algorithms mimic the process of natural selection, where a
population of potential solutions evolves over generations. The fittest solutions, which exhibit the closest
match to the experimental data, are more likely to be selected for subsequent iterations [24]. Particle swarm
optimization, on the other hand, simulates the movement of particles within a multidimensional parameter
space. Each particle represents a potential solution, and their collective behavior leads to the identification of
optimal parameter values. By employing these optimization algorithms, researchers aim to overcome the
challenges associated with manual or exhaustive search methods. These techniques facilitate a more efficient
exploration of the parameter space and help identify optimal solutions that may not be immediately apparent
through traditional approaches.

In the realm of parameter extraction for organic solar cells through the utilization of the single diode
model, a diverse array of techniques is embraced with the intention of achieving precise and streamlined
characterization of the electrical attributes of these devices. The amalgamation of strategies such as I-V curve
fitting, impedance spectroscopy analysis, and optimization algorithms collectively propels the progression of
our comprehension and the evolution of technologies relating to organic solar cells. These methodologies
collectively empower researchers to deduce critical model parameters' values, enhance the efficacy of organic
solar cells, and ultimately catalyze the widespread integration of this sustainable energy technology.

2. METHOD

Numerical techniques, also known as numerical methods, refer to mathematical algorithms and
procedures used to solve problems and perform calculations using numerical approximations. These
techniques are employed when analytical solutions are difficult or impossible to obtain, or when dealing with
complex systems or large amounts of data. Numerical techniques involve translating mathematical models or
problems into a computational form, where numerical approximations and algorithms are applied to obtain
solutions or results. These methods rely on iterative processes, where calculations are repeated and refined to
converge towards an accurate solution. Numerical techniques play a crucial role in the study and optimization
of organic solar cells. These techniques are employed to model, simulate, and analyze the behavior of organic
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solar cells, as well as to optimize their performance. Here are some ways in which numerical techniques are
used for organic solar cells.

Device modelling and simulation: Numerical techniques allow researchers to develop mathematical
models that describe the behavior of organic solar cells. These models take into account various physical and
electrical phenomena, such as charge generation, transport, recombination, and light absorption. By solving
the mathematical equations representing these phenomena using numerical methods, researchers can simulate
the performance of organic solar cells under different operating conditions, material properties, and device
architectures. This helps in understanding the underlying physics and optimizing the design of organic solar
cells.

Parameter extraction: Numerical techniques are utilized to extract the parameters of the
mathematical models used to describe organic solar cells. Experimental data, such as 1-V characteristics, are
fitted to the mathematical models using optimization algorithms. Numerical methods, such as least squares
fitting, are employed to minimize the differences between the experimental data and the simulated results,
thereby determining the values of key parameters that characterize the organic solar cell.

2.1. Shockley diode equation using curve fit module

In study [25], the Shockley diode equation is a mathematical model that describes the behavior of a
diode under forward bias. It relates the current flowing through a diode (I) to the voltage across the diode
(V). The equation is given as (3), (4):

=1, (e# - 1) 3)

1=1L—10[e (%)—1]—"—” 4)

RsH

where V, = Vp, + RgI. The Shockley diode equation helps us understand how the 1-V characteristics of a
diode change with varying voltage and other factors.

2.2. Curve fit module in python

The curve fit module is a part of the scipy.optimize library in Python. It provides a method for fitting
a mathematical model to a set of data points using a least-squares optimization algorithm. In simpler terms, it
allows us to find the best-fitting parameters for a given equation to match a given set of data.

2.3. Fitting the 1-V data of a diode

Certainly, when fitting current-voltage (1-V) data of a diode using a curve fit module, several steps
are involved to ensure accurate modeling. Initially, the data is prepared, often involving normalization and
cleaning to remove any outliers or inconsistencies. Then, selecting an appropriate mathematical model such
as the Shockley diode equation is crucial. Finally, the curve fitting process involves adjusting parameters
within the chosen model to best align with the experimental data points, typically through iterative
optimization techniques, resulting in a fitted curve that represents the behavior of the diode.

2.4. Model of Brano, based on single diode model

In the domain of solar cell research, a noteworthy contribution emerges from Brano in reference
[14]. Brano introduces a pioneering technique designed to meticulously ascertain solar cell parameters. What
distinguishes Brano's methodology is its resolute dedication to circumventing any oversimplifications or
presumptions during the course of extracting the quintet of parameters delineated in (2). This innovative
approach marks a departure by exclusively leaning upon routine technical data amassed under standard test
conditions (STC), aligned with the constructs of a single-diode model. The crux of Brano's method lies in the
formulation of five distinct mathematical equations. These equations have been carefully designed to
calculate the correct values of the five parameters required for the single-diode model. Through the
concurrent solution of these equations, Brano's method enables the extraction of the previously unknown
parameters, providing a robust and accurate characterization of the solar cell's behavior. The formulation of
these mathematical equations within Brano's method underscores the meticulousness and attention to detail
of this innovative approach. Each equation takes into account specific aspects of the solar cell's electrical
behavior, including current-voltage relationships, resistive losses, and the impact of temperature and
irradiance variations. By simultaneously considering these multiple factors, Brano's method offers a
comprehensive understanding of the solar cell's behavior and facilitates the determination of precise
parameter values. The precise parameter values obtained through Brano's method allow for a deeper
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understanding of the underlying mechanisms governing solar cell operation. Consequently, researchers and
engineers can optimize solar cell designs, develop more efficient manufacturing processes, and enhance the
overall performance and integration of solar energy conversion technologies. In conclusion, Brano's method
represents a significant advancement in solar cell research. By eliminating simplifications and assumptions,
this innovative approach enables the extraction of the five critical parameters required for the single-diode
model, based solely on the normal technical data collected under STC. Concurrently solving the formulated
mathematical equations ensures the accuracy and reliability of the extracted parameter values. This
breakthrough not only enhances our understanding of solar cell behavior but also holds immense potential for
optimizing solar energy conversion technologies [15].

The foundational equation can be derived by utilizing the Isc values. The premise rests on the
assumption that the voltage equates to zero at the juncture of short-circuit current. Through the act of
substituting these designated values into (1), the intended result shall be realized:

IscRs
fras 1+ [1 = o)1y =R g — g )

RsH

The subsequent equation can be derived by employing the V,. values. This derivation similarly rests on the
presumption that the current corresponds to zero at the juncture of open-circuit voltage. Through the process
of substituting these specified values into (1), the intended outcome will be achieved:

Frz 1L+[1—e(%)]10—%=0 (6)

SH

The third equation can be derived using the data from the maximum power point (MPP), where V' represents
Vupp and | represent I,,pp. By substituting these values into (1), the desired outcome will be obtained:

I — IscRstVmpp

ImppRs+ VMPP)]
RsH

fos: I+ [1_9( nT —Iypp =0 (7)

Subsequently, the fourth equation can be obtained by expressing equation in terms of V, where V represents
Vypp and | represents Iy pp:

nT
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Lastly, the fifth equation of the model can be obtained by expressing. In this case, V represents Vypp and I
represents Iy pp:
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3. RESULTS AND DISCUSSION
3.1. Extraction of data points from the graph

The graph image was prepared for analysis by removing irrelevant elements, such as labels or
annotations that obstructed the curve. The pre-processed image was typically converted into a jpeg format to
simplify the analysis. Then algorithm identifies the curve within the image by detecting its edges or contours.
Edge detection algorithms, Canny edge detection, was employed to locate the boundaries of the curve
accurately. Once the curve was detected, a tracing algorithm was used to follow its path and extract its points.
This involved boundary following techniques to track the curve's trajectory. The traced curve was sampled at
regular intervals or based on certain criteria to obtain a set of discrete points. The points represent the curve's
coordinates in the digital space and can be stored as (x, y) pairs. The extracted points underwent additional
processing steps, such as filtering or smoothing, to remove noise or irregularities introduced during the
extraction process [26]-[28].
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3.2. Fitting of I-V data using origin lab software

Data was imported the data into Origin Lab software by loading a file. After that a fitting function
‘SolarlV’ represented the mathematical model. After that, adjusting fitting parameters: Once the fitting
function is selected, you need to adjust the initial values of the parameters. These parameters control the
shape, position, and other characteristics of the curve. You can manually set initial values or let the software
estimate them automatically. Origin Lab software was used for optimization algorithms to minimize the
difference between the fitted curve and the actual data. It adjusts the parameters of the fitting function to find
the best fit. You can choose different algorithms and customize fitting options based on your requirements.
After that a fitting process, Origin Lab provides statistical measures to evaluate the quality of the fit, such as
the coefficient of determination (R-squared), and root-mean-square error (RMSE) statistic. These measures
help assess how well the fitted curve represents the data. Origin Lab generates a plot showing the original
data points and the fitted curve. This allows you to visually assess the fit and make any necessary
adjustments to the model or parameters. You can extract the fitted parameters, their uncertainties, and other
relevant information for further analysis shown in Figures 3, 4 and 5.

3.3. Extraction of Vypp and Jypp from python

First, you need to import the I-V curve data into Python. This can be done using various libraries,
such as NumPy or Pandas, from CSV files, Excel sheets, or directly through data arrays. Plot the I-V curve
using a suitable plotting library like Matplotlib. This helps to visualize the characteristics of the PV device
and locate the MPP on the graph. Identify the MPP on the 1-V curve. The MPP corresponds to the point
where the power output is maximized. You can use various peak detection algorithms available in Python to
find this point. Once the MPP was detected, you can extract the corresponding voltage (Vy,pp) and current
(Jupp) values from the I-V curve data. In Figures 6, 7 and 8, can present the extracted V,,pp and J,,pp Values.
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3.4. Analysis of I-V data: fitting with Origin Lab, Vypp and Jypp extraction in python using least
squares method

The least squares method is a mathematical technique utilized to determine the optimal solution for
an over-determined linear equation system. In cases where the number of equations surpasses the count of
unknown variables, an exact solution is often unattainable. The method's objective is to minimize the discord
between the left-hand side (LHS) and right-hand side (RHS) of the equations. The LHS amalgamates
variables and their coefficients, while the RHS accounts for constant terms. The distinction between LHS and
RHS is termed the residual, gauging the error within each equation. Residual computation involves
measuring the gap between the actual LHS value and the corresponding RHS value. Functioning through the
minimization of the sum of squared residuals across all equations, the least squares method identifies variable
values. This is accomplished by squaring the residuals and summing them, prioritizing substantial errors
while penalizing smaller ones, culminating in an overall optimal fit. The mathematical pursuit revolves
around minimizing the sum of squared differences (LHS-RHS) for all equations. Calculus techniques are
harnessed to determine partial derivatives of the sum of squares concerning each variable, subsequently
setting these derivatives to zero. Solving the resultant equation system generally involves matrix algebra,
yielding the best-fit solution, as detailed in Table 1.

Table 1. Tabulation of the results

Parameters Method | Method Il
(Origin Lab Software) (Bruno et al.’s Model [14], [15])
Cell 1 Cell 2 Cell 3 Cell 1 Cell 2 Cell 3
Is 1.7551*10 2.1205*10%  4.8099*10M  1.6541*10% 2.1004*10%°  4.6089*10!
Rg 0.0103 0.00841 0.0094 0.0113 0.0082 0.0095
n 1 1 1 1 1 1
Rgy 0.9055 0.6024 0.2675 0.9433 0.6039 0.2547
I 12.4383 22.7347 21.6366 12.4692 22.5065 21.5933

3.5. Discussion

We have employed a methodology encompassing the single diode model to deduce circuit
parameters for organic solar cells, leveraging measurements of short-circuit current relative to thin active
layers and an optical model. The resultant dataset is systematically organized in the table provided below.
Employing this dataset, our coupled optoelectronic simulation yields an established lower threshold for
efficiency, valuing at 12%. Our numerical analysis, upon integration of the measured current-voltage curve,
effectively confirms circuit parameters aligning with the previously estimated 12% efficiency.

Our study delves into the electrical transport dynamics within an organic bulk-heterojunction solar
cell, encompassing diverse experiments utilizing the single diode model and a consistent set of parameters.
Notably, we observe accurate reproduction of steady-state effects within the current-voltage characteristics,
alongside precise emulation of the transient photo-current response time dynamics. This accuracy is achieved
through a simplified drift-diffusion model employing constant mobilities. We emphasize that intricate
phenomena such as charge trapping, electric field-dependent mobilities, or CT-excitons are deemed non-
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essential to describe the solar cell scrutinized in this study. To optimize parameter extraction while
minimizing the number of unknown variables, we advocate employing the simplest model, resorting to more
complex models only if the initial approach proves inadequate. Advanced models, when warranted, can
supplement the analysis by revealing additional parameters accessible through complementary experiments.

4. CONCLUSION

The future scope of the presented research involves several promising directions. The methodology
for deriving model parameters, which reduces parameter correlation through a correlation matrix, opens
avenues for monitoring aging trends in organic solar cells. Additionally, the research aims to explore the
influence of layer attributes, morphology, and material variances on model parameters, contributing to the
optimization of designs. To enhance the reliability of the technique, the plan is to include additional
experiments in the analysis repertoire. Overall, the commitment is to advance precision and applicability in
organic solar cell research, with a focus on sustainable and efficient energy solutions.
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