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ABSTRACT The article underscores the role of simulation in solar cell research, focusing on the
newly-developed solar cell simulation program, Suntulip, which was written in C#. Given, the esca-
lating significance of solar energy, optimizing solar cell efficiency and reducing costs has become
vital for sustainability. Simulation has proven to be extremely efficient and cost-effective method
compared to experimental and theoretical approaches. The introduction of Suntulip addresses the
lack of a simulation library in C# and its potential contribution to solar cell research. Notably, the
program’s reliability is substantiated through optical simulations and a comparison with Wafer Ray
Tracer, demonstrating accurate and consistent results. The article emphasizes Suntulip’s user-friendly
interface and versatile capabilities in calculating reflection, transmission, and absorption coefficients,
hence providing valuable insights into solar cell behavior. As Suntulip continues to demonstrate its
accuracy, it holds promises in advancing solar cell technology and facilitating sustainable energy
solutions.

INDEX TERMS Fresnel reflection, simulation, software, refractive index.

I. INTRODUCTION
Maximizing the full potential of solar energy depends on
increasing solar cell efficiency and reducing production costs,
a critical task in today’s pursuit of sustainability. Solar cell
research generally employs three main methods [1]: experi-
ments, theory, andmodeling. However, experimental research
demands substantial time and financial resources, while the-
oretical analysis encounters limitations in solving complex
equations. Enter solar cell simulation, a remarkably optimal
research approach. By employing advanced computational
techniques, modeling is highly cost-effective and efficient,
alleviating the need for extensive financial and temporal
investments. Researchers can swiftly propose and evaluate
various solar cell structures, expediting the identification of
optimal designs [2].

Depending on the subject of research, the appropriate mod-
elling program is selected. Basically, programs are divided
into codes and tools that simulate materials and devices.
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Lumerical TCAD [3], Sentaurus TCAD [4] and Silvaco
TCAD [5] programs are widely used in the simulation of
semiconductor devices. These programs have the ability to
simulate in 3D and 2D dimensions. A total of 338,1497,
and 2578 articles in Scopus-indexed journals are published
using obtained results in Lumerical TCAD, Sentaurus TCAD,
and Silvaco TCAD, respectively. Since Lumerical TCAD
is mainly designed for modeling the optical properties of
solar cells, which accounts for fewer studies conducted
with it. In TCAD programs, the experimentally determined
parameters of the materials in the solar cell are mainly
taken as input parameters in the simulation of the solar
cell. In the simulation of materials, 2 different methods
are mainly used: Molecular Dynamics (MD) [6] and Den-
sity Functional Theory (DFT) [7]. The material synthesis
process is modeled in MD and the material properties are
calculated in DFT. In material simulation, coordinates, vec-
tors, pseudopotentials and basis sets of atoms are taken
as input parameters. LAMMPS [8] for MD and Quantum
Espresso [9], CASTEP [10], VASP [11] codes for DFT
are widely used. If the material properties of the solar cell
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are calculated by DFT and entered into TCAD as material
properties, a modeling chain from atom to device can be
created [12].

The maximum efficiency of solar cells is theoretically
determined using the Shockley-Quisser limit (SQ) [13]. The
SQ limit determines the maximum efficiency of the solar cell
based on the band gap of material. For example, since the
band gap of silicon is 1.12 eV, the maximum efficiency of a
silicon-based solar cell is 29%. In laboratory experiments, it is
equal to 26.81% [14] and in industry 24% [15]. Theoretical
studies can mainly optimize the solar cell in a particular case.
That is why the results obtained in theory are less likely to
be confirmed in experiment. For example, the optimal value
of the base angle of the upright pyramidal textures formed on
the surface of silicon-based solar cells is 73.120 according
to theory and 70.350 according to the results of simulation
in Sentaurus TCAD [16]. This is because theoretical analysis
primarily considers the solar cell’s optical properties, whereas
simulations take into account both optical and electrical prop-
erty variations.

The significance of this article lies in highlighting the
paramount importance of simulation, particularly in the realm
of solar cell research and development. As previously dis-
cussed in the preceding literature, simulation stands as one of
the most crucial methodologies in the scientific world today.
The emergence of numerous simulation programs, especially
those in Python and Matlab, has propelled the advancement
of solar cell simulation, fostering broader accessibility and
application for researchers. The article goes a step further
by introducing a novel solar cell simulation program named
Suntulip, expertly developed in C#. By addressing the exist-
ing gap of C# libraries for solar cell simulation, Suntulip
holds immense potential in facilitating future design projects
through its Transfer Matrix Method (TMM) capabilities. The
program’s adaptability to function as a TMM library further
contributes to the expanding repertoire of solar cell simula-
tion tools available in C#, promising to advance the field and
drive the solar cell simulation progress.

II. THEORETICAL BACKGROUND OF THE TRANSFER
MATRIX METHOD
Fresnel’s equations [17] describe the reflection and transmis-
sion at the boundary between twomedia. However, in the case
of a layer with a specific thickness, as depicted in Figure 1,
the situation becomes more complex. Within this layer, light
undergoes nearly infinite reflections and transmissions.

In this case, it is difficult to use Fresnel’s laws for each
refracted, reflected ray. Because there is light absorption in
the layer. We can use linear algebra to solve this easily.

To simplify the images, we change the drawing a little.
As shown in Figure 2, we make it appear that the incoming
electric field and the outgoing electric field appear on a
specific surface.

At the interface, we assume that the electric field is down-
ward and upward. In Formula 1, we express the electric field

FIGURE 1. Refraction and reflection of light rays on the interface. k1, k2
and k3 are incident, reflected and refracted rays. α, β and γ are angles of
incident, reflected and refracted rays with vertical axe. n1 and n2 is
refractive index of first and second medium.

FIGURE 2. A diagram of the expression of a light beam through the
electric field. Ep1 and Et1 are electric field of rays going to downside and
upside in second medium as well as Ep0 and Et0 are in first medium.

strengths leaving the surface by the incoming ones.

{
Ep1 = t01 · Ep0 + r10Et1
Et0 = r01 · Ep0 + t10Et1

(1)

Here: t01 and t10 are Fresnel transmission coefficient as
well as r01 and r10 are Fresnel reflection coefficient for rays
going to downside and upside.

Let’s put the system in such a state that those in group
0 are separate and those in group 1 are separate. According
to the Fresnel formulas, there is a condition given in formula
2 between the Fresnel coefficients of rays of order 0 and 1.

r01 = −r10, r201 + t01t10 = 1 (2)

Using the conditions given in formula 2, if we change the
equation system given in formula 1, a system of equations
that can be written in the form of a matrix equation given in
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FIGURE 3. Diagram of the representation of the light beam through
electric field in the layer. Ep1A and Ep1B are electric field of entering and
exiting downward rays and Et1B and Et1A are that of upward rays. d is
thickness of layer. X0 is coordinate of the front side of layer.

formula 3 is formed.[
Ep0
Et0

]
=

1
t01

[
1 r01
r01 1

] [
Ep1
Et1

]
,

1
t01

[
1 r01
r01 1

]
≡ D01 (3)

Here: D01 is transmission matrix.
It is known that an electromagnetic wave is absorbed when

passing through a medium. Let’s bring this absorption into
matrix form. Figure 3 shows the electric field of rays entering
and leaving the layer. EPA is the electric field near the light
source, while EPB is located further away from the source.
If we consider light falling downward from the top, the elec-
tric field at the lower part of the medium is weaker.

EP1A and EP1B can be expressed as a complex function
according to the Burger-Lambert law [18] as given in formula
4.

EP1A(x) = E0 · ei(ωt−kx0)

EP1B(x) = E0 · ei(ωt−k(x0+d) (4)

Here: ω is frequency of the light, E0 is amplitude of the
electric field, t is time, k is the absorption coefficient of the
medium, i is complex number.

Using the functions in formula 4, the relationship between
EP1A and EP1B given in formula 5 can be found.

EP1A = EP1B · eikd (5)

The relationship between Et1A and Et1B can be determined
in the same way as the relationship between EP1A and EP1B
above. A system of equations was created between Et1 and
EP1. The system of equations can be written in the form of a
matrix equation given in formula 6.[

EP1A
Et1A

]
=

[
eikd 0
0 e−ikd

] [
EP1B
Et1B

]
[
eikd 0
0 e−ikd

]
≡ P1 (6)

FIGURE 4. Diagram of representation of light in a 2-layer structure by
electric field. Ei, Er and Et are electric fields of incident, reflected and
transmitted rays. d1 and d2 are thicknesses of the first and second layers.
n0, n1, n2 and n3 are refractive indices of the media.

Here: P1 is propagation matrix.
Let’s calculate the reflection and transmission coefficients

of the 2-layer system given in Figure 4. For this, it is necessary
to write the electric field of the rays entering and exiting the
layer, as shown in figure 2.

As given in formula 7, we express the relationship between
the rays entering and leaving the boundary of each medium
by the Dmatrix and the relationship between the electric field
intensity of the rays entering and leaving the layer by the P
matrices.

[
Ei
Er

]
= D01

[
E1PA
E1tA

]
,

[
E1PA
E1tA

]
= P1

[
E1PB
E1tB

]
[
E1PB
E1tB

]
= D12

[
E2PA
E2tA

]
,

[
E2PA
E2tA

]
= P2

[
E2PB
E2tB

]
[
E2PB
E2tB

]
= D23

[
Et
0

]
(7)

By substituting the matrix equation given in formula 7 one
after the other, it is possible to determine the relationship
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between Ei, Er and Et given in formula 8.[
Ei
Er

]
= D01 · P1 · D12 · P2 · D23

[
Et
0

]
D01 · P1 · D12 · P2 · D23 ≡ M (8)

Here: M is transfer matrix.
Since D and P matrices are 2nd-order matrices, their

mutual multiplication which is M matrix, is also a 2nd-order
matrix as given in formula 9.

M =

(
M11 M12
M21 M22

)
(9)

Here: M11, M22, M21 and M12 are elements of transfer
matrix.

Previously, we only considered how to calculate a 2-layer
optical system using the transfer matrix method. However,
if the number of layers is n, then a transfer matrix can be
formed by multiplying n D and P matrices. Finally, for n lay-
ers, the matrix M given in formula 9 is formed. The required
optical parameters are determined using the elements of the
M matrix.

Natural light can be divided into two transversal and paral-
lel polarized rays. Therefore, the Fresnel coefficients for both
parallel and transversal polarized rays can be written as given
in formula 10.

r⊥
um =

M⊥

21

M⊥

11

t⊥um =
1

M⊥

11

,


r∥
um =

M∥

21

M∥

11

t∥um =
1

M∥

11

(10)

Here: r and t are Fresnel coefficients.
Using the Fresnel coefficients of a parallel and transversal

polarized beam, the reflection and transmission of the light
from the general optical system can be calculated as given in
formula 11.

Rum =
(r∥
um)2 + (r⊥

um)
2

2

Tum =
nn+1 cos γn+1

n0 cosα

(
(t⊥um)

2
+ (t∥um)2

2

)
(11)

Here: Rum and Tum are reflection and coefficients of the
optical system, nn+1 is refractive index of the media where is
downside of the optical system, n0 is refractive index of the
media where is upside of the optical system, γn+1 is refraction
angle of the ray where is downside of the optical system.

Considering that the sum of the energy of the reflected,
transmitted and absorbed light from optical system is equal
to the energy of the incident light. So, the light absorption
coefficient in the optical system can be calculated using
formula 12.

Aum = 1 − Rum − Tum (12)

Here: Aum is absorption coefficient of the optical system.

III. EXISTENT TOOLS TO SIMULATE SOLAR CELLS
Solcore [19], as a comprehensive open-source solar cell
simulation software, possesses several advantages and dis-
advantages compared to other tools such as SCAPS [20],
PC1D [21], TMM-FT [22], TMatrixOpt [23], and OPV
Lab [24]. One of its major strengths lies in its incorpora-
tion of the Transfer Matrix Method (TMM), allowing for
accurate optical modeling of solar cells. Solcore combines
TMM with carrier transport and detailed balance, providing
a holistic approach for simulating solar cell performance.
As an open-source tool, Solcore encourages collaboration and
community-driven improvements. This enhances accessibil-
ity and flexibility and allows users to tailor the code to their
specific research needs. Moreover, Solcore supports various
material models and includes a range of optoelectronic device
functionalities, making it versatile for different types of solar
cells and devices. However, Solcore may have a steeper learn-
ing curve for new users due to its feature-rich environment,
especially for those who are not familiar with programming
or scripting languages. The extensive capabilities of Solcore
can lead to complexities in setting up simulations and analyz-
ing results for beginners. Therefore, documentation and user
support may be essential to help users navigate and harness
the software’s full potential effectively.

SCAPS boasts a user-friendly interface and extensive
material properties modeling, which can be advantageous for
researchers looking for a more straightforward approach to
solar cell simulations. PC1D, on the other hand, is known for
its focus on silicon solar cells, making it a suitable choice for
those working specifically with silicon-based devices. TMM-
FT provides a specialized MATLAB-based tool for thin-film
optics, offering a user-friendly environment for researchers
who prefer working with MATLAB and require optical sim-
ulations for thin-film devices. TMatrixOpt offer open-source
options with a TMM emphasis, which can be beneficial
for researchers seeking transparency, customization, and the
ability to modify the code for their unique requirements. Fur-
thermore, OPV Lab excels in its specialization for simulating
organic photovoltaic devices, making it an ideal choice for
researchers focused on organic solar cells. Its features cater
specifically to the complexities of organic materials, which
may not be as comprehensive in other more generalized
software tools. GPVDM [25] is developed to simulate organic
and perovskite solar cells.

Table 1 shows the website of the solar cell simulation
software, the number of articles published, the year of the first
article, their capabilities, and brief descriptions. The number
of articles published based on the results obtained using
these programs was sourced from the Scopus database. For
instance, using the SCAPS program, a total of 1,942 articles
were published in journals indexed in Scopus. This indicates
that it is widespread software in simulation of solar cells
among 1D-simulation tools due to its straightforward inter-
face and versatile simulation capabilities. For example, if a
material’s complex refractive index is not available in a solar
cell simulation, SCAPS can calculate the photogeneration in
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TABLE 1. Various tools developed to simulate solar cells.

that material using the material’s bandgap. Since TMM-FT
and TMatrixOpt are new tools, articles have not yet been pub-
lished using results obtained from them in journals indexed in
Scopus. However, despite the fact that OpvLab is a new pro-
gram, the rate of popularity is increasing sharply, as Table 1
shows.

IV. CODES WRITTEN FOR THE SUNTULIP
The core of the code involves intricate matrix operations
to compute the optical properties of solar cells. The func-
tions ‘otish’, ‘qaytish’, and ‘yutulish’ play pivotal roles in
determining the reflection, transmission, and absorption coef-
ficients, respectively. These coefficients are derived from the
input data on the solar cell’s refractive indices and other
parameters. The code efficiently performs multiple matrix
multiplications to calculate intermediate values, which are

then used to obtain the final ratios of reflection, absorption,
and transmission. This numerical approach offers valuable
insights into the behavior of solar cells, enabling researchers
to optimize their design for enhanced energy conversion
efficiency.

Calculation of Reflection, Transmission, and Absorption
Coefficients: In this part, the code calculates the optical
constants (tm1, tm2, and tm3) for different solar cell con-
figurations using the ‘otish’ function. It then populates three
matrices (rm1, rm2, and rm3) with specific values derived
from these optical constants. Additionally, the code calculates
matrix elements for the absorption coefficients (alm1 and
alm2) using the ‘yutulish’ function with different parameters.
for (int t = 1; t <= i; t++)
{
// Calculate optical constants for different solar cell

configurations
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double tm1 = otish(n[0, t], n[1, t]);
double tm2 = otish(n[1, t], n[2, t]);
double tm3 = otish(n[2, t], n[0, t]);
// Populate matrices with calculated values
double[,] rm1= {{1 / tm1, qaytish(n[0, t], n[1, t]) / tm1 },

{qaytish(n[0, t], n[1, t]) / tm1, 1 / tm1 } };
double[,] rm2= {{1 / tm2, qaytish(n[1, t], n[2, t]) / tm2 },

{qaytish(n[1, t], n[2, t]) / tm2, 1 / tm2 } };
double[,] rm3= {{1 / tm3, qaytish(n[2, t], n[0, t]) / tm3 },

{qaytish(n[2, t], n[0, t]) / tm3, 1 / tm3 } };
// Calculate matrix elements for absorption coefficients
double[,] alm1 = {{yutulish(k[1, t], d1, l[t]), 0 }, {0,

yutulish(k[1, t], -d1, l[t]) } };
double[,] alm2 = {{yutulish(k[2, t], d2, l[t]), 0 }, {0,

yutulish(k[2, t], -d2, l[t]) } };
}
Matrix Multiplication to Calculate Optical Properties: In

this part, the code performs matrix multiplication to calculate
the intermediate values required for reflection, transmission,
and absorption calculations. It initializes a matrix y to store
the results of the matrix multiplications. The code then per-
forms matrix multiplication of rm1 with alm1, and the result
is stored in y. Afterward, the values of y are copied back to
rm1. The same process is repeated for the matrix multiplica-
tion of rm1 with rm2, and the result is again stored in y.
double[,] y = new double[2, 2];
for (int f = 0; f < 2; f++)
{
for (int u = 0; u < 2; u++)
{
for (int h = 0; h < 2; h++)
{
y[f, u] + = rm1[f, h] ∗ alm1[h, u];

}
}

}
for (int f = 0; f < 2; f++)
{
for (int u = 0; u < 2; u++)
{
rm1[f, u] = y[f, u];

}
}
for (int f = 0; f < 2; f++)
{
for (int u = 0; u < 2; u++)
{
for (int h = 0; h < 2; h++)
{
y[f, u] + = rm1[f, h] ∗ rm2[h, u];
}

}
}
for (int f = 0; f < 2; f++)
{
for (int u = 0; u < 2; u++)

FIGURE 5. Interface of suntulip.

{
rm1[f, u] = y[f, u];
}

}
In the final part of the code, optical properties such as

reflection, absorption, and transmission coefficients are com-
puted. The results are obtained by iterating through the
matrices using a loop operator.
double tum = 1 / rm1[0, 0];
tum ∗

= tum;
double rum = Math.Pow((rm1[1, 0] / rm1[0, 0]), 2);
double alum = 1 - rum - tum;
rat[0, t] = rum;

V. CAPABILITIES OF SUNTULIP
Suntulip is a simulation software to determine the physi-
cal properties of silicon-based solar cells. The program is
designed with simple user-friendly interface. making it an
ideal choice even for those who do not possess programming
skills. It presents a straightforward and convenient means for
solar cell simulations.

During a solar cell simulation, a graph, as shown in in
Figure 5 appears in the center of the screen. On the left side of
the display, user will see a menu strip labeled with the names
of the physical features a. By selecting the desired physi-
cal characteristic from the left side, the software generates
the corresponding value and displays graphs illustrating its
dependence on temperature and input concentration. On the
right side of the graph, several checkboxes can be used by
the user to customize the graph based on their preferences,
such as showing the graph with or without grid. Additionally,
a ‘‘Save’’ button to enable user to store the generated graph
on the computer’s memory. User has the option to save the
graph in two formats - ‘‘png’’ and ‘‘jpeg’’.

Graphs of dependence of all physical properties on temper-
ature and input concentration are created. And it allows us to
save and analyze them and use them where necessary.

In the base of the refractive index, there is a graph of the
dependence of the complex refractive index of 132 materials
on the wavelength.

TMM was used to calculate the optical properties of the
solar cell. This method is particularly adept at simulating
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FIGURE 6. Dependence of the absorption, transmission and reflection
coefficients of the silicon-based solar cell on the wavelength of light.

FIGURE 7. Dependence of the absorption, transmission and reflection
coefficients of the silicon-based solar cell on the wavelength of light.

planar structures, given its capacity to account for internal
interference within the layers. Figure 6 shows the dependence
of calculated reflection, transmission and absorption coef-
ficients of a 175-µm silicon-based solar cell coated with a
100 nm thick SiO2 layer on the light wavelength.
Figure 7 shows the absorption, transmission and reflection

coefficients of a 100 nm SiO2-coated 175 µm silicon-based
solar cell as a function of light wavelength, calculated in
Wafer Ray Tracer module of PVLightHouse [26].
It turned out that the absorption and reflection coefficients

calculated in Suntulip and Wafer Ray Tracer are almost
identical depending on the wavelength of light. Remarkably,
at a wavelength of 375 nm, there is a peak in the reflection
coefficient and a sharp decrease in the absorption coeffi-
cient according to the result obtained in Suntulip. However,
the Wafer Ray Tracer results did not show such a dramatic
increase and decrease.

The refractive index of silicon reaches a maximum of 6.7 at
a wavelength of 375 nm [27] and then decreases almost expo-
nentially depending on the wavelength of light. The refractive
index of SiO2 is 1.47, almost constant and independent of
the wavelength [28]. According to the refractive index of
silicon and SiO2, at a wavelength of 375 nm, the SiO2/Silicon
structure showed the maximum reflection and the minimum
absorption. This phenomenon is consistent with Fresnel’s

theory, it is known that if the difference in refractive index of
two media increases, the coefficient of reflection increases.
The largest difference between the refractive indices of
SiO2 and silicon corresponds to the wavelength of 375 nm.
Therefore, the results obtained in the Suntulip that we have
developed gave more accurate result. Which indicates a
higher level of reliability in our software.

Suntulip’s distinct edge overWafer Ray Tracer lies in result
accuracy, a critical aspect in solar cell simulation. While
both tools offer similar absorption and reflection coefficients
at various wavelengths, Suntulip excels in capturing pro-
nounced variations, such as the peak in reflection coefficient
and sharp absorption decrease at 375 nm. This discrepancy
highlights Suntulip’s enhanced accuracy. Recognizing these
differences underscores the paramount importance of accu-
rate simulation outcomes, particularly in nuanced scenarios.
Suntulip’s ability to precisely depict optical behavior at key
wavelengths enhances its reliability, guiding design decisions
and optimizing solar cell performance with more informed
insights.

Suntulip’s distinction from SCAPS extends to a piv-
otal aspect that underscores its versatility. While SCAPS
offers the ability to study temperature and doping con-
centration effects on solar cell parameters, Suntulip adds
a unique dimension by facilitating the direct observation
of material property shifts in response to changes in dop-
ing concentration and temperature. Unlike SCAPS, which
primarily centers on solar cell parameters, Suntulip empow-
ers researchers to visually track the evolution of essential
material properties—such as band gap, density of states,
SRH, Auger and Radiative recombination, carrier concen-
tration, contact resistivity, electron affinity, diffusion length,
and carrier lifetime—concomitant with variations in doping
concentration and temperature. This innovative feature fur-
nishes a holistic comprehension of how transformations in
material attributes across diverse conditions intricately influ-
ence solar cell performance. Consequently, Suntulip enriches
solar cell optimization endeavors by encompassing the intri-
cate interplay between material properties, temperature, and
doping concentration, pivotal for refined design strategies.
Notably, Suntulip’s distinctive capability broadens further; it
enables the calculation of absorption, reflection, and trans-
mission spectra of solar cells—an aspect that SCAPS lacks.
This capability enables researchers to comprehend optical
behavior of solar cells and to find optimal optical structure.
Ultimately, Suntulip’s multifaceted functionalities position
it as an invaluable tool, not only for advancing solar cell
research and development but also for paving theway towards
enhanced solar cell performance and design precision.

Differences among tools might appear minor, these
nuances can often address specific gaps in simulations,
adding value to the toolset available to researchers. Our
intention is not to claim superiority over all tools, but to
emphasize Suntulip’s unique contributions. By focusing on
specific features such as a user-friendly interface, compre-
hensive material property analysis, and the ability to visualize
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material property changes, we aim to highlight Suntulip’s
relevance in bridging a specific gap.

VI. CONCLUSION
In conclusion, this article underscores the pivotal role of
simulation in advancing solar cell research and development.
The pressing need to enhance solar cell efficiency and reduce
production costs in the pursuit of sustainable energy solutions
calls for innovative methodologies. Simulation, exemplified
by the newly developed Suntulip program in C#, emerges as
a cost-effective and efficient alternative to traditional experi-
mental and theoretical methods. Its ability to swiftly propose
and evaluate various solar cell structures streamlines the pro-
cess of identifying optimal designs, ultimately accelerating
progress in the field. The reliability of Suntulip is showcased
through optical simulations and a robust comparison with
Wafer Ray Tracer, yielding accurate and consistent results.
By providing a user-friendly interface and versatile capabil-
ities in calculating reflection, transmission, and absorption
coefficients, Suntulip empowers researchers to gain valuable
insights into solar cell behavior. Moreover, its open-source
nature fosters collaboration and customization, further driv-
ing advancements in solar cell technology. As the demand for
sustainable energy solutions intensifies, Suntulip’s potential
to contribute to thewider development of solar cell simulation
tools becomes increasingly evident. By equipping researchers
with a reliable and accessible platform, Suntulip plays a vital
role in expediting the optimization of solar cell performance,
paving the way towards a cleaner andmore sustainable world.
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