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Simulation mechanical stress influence to silicon solar cells by
Comsol Multiphysics

ABSTRACT

We know the mechanical properties of silicon. However,
little is known about the mechanical properties of silicon solar
cells. Modeling is widely used in the study of solar cells. This
article discusses in detail the effect of mechanical stress on
solar cells. To do this, a model of the solar cell was created
and simulated at Comsol Multiphysics. The results were
presented visually and graphically. The results were tested for
relevance and accuracy.
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1. INTRODUCTION

Today, the using from renewable energy sources is
growing. There are many types of renewable energy sources.
Among them, solar cells are used to convert solar energy into
electricity. From simple small machinery to large enterprises,
everything is powered by electricity. As the demand for
electricity increases, efforts are being made to conserve
non-renewable energy sources. In addition, the process of
obtaining electricity from non-renewable energy sources
causes great damage to the environment. That is why many
countries are developing programs for the use of renewable
energy sources [1-2].

There are many types of solar cells. For example, simple
silicon and GaAs-based solar cells. In the 21st century,
perovskite and organic solar cellss have also greatly
improved. About 95% of the solar cells produced at the
industrial level are silicon-based solar cells. This is because
silicon is one of the most common chemical elements in the
world [3]. We think it's a good idea to improve silicon-based
solar cells. To improve the optical properties of silicon-based
solar cells, the optical layers SiO2 and SiNx are coated and
textured on the surface [4]. Much scientific work is being
done to improve the electro-physical and optical properties of
silicon-based solar cells. We also studied the mechanical
properties of a silicon-based solar cell. Many scientific studies
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have experimentally studied the effects of mechanical stress
on solar panels [5-7].

The study of the mechanical properties of solar cells helps
to organize the production process of solar panels. It also
helps to accurately assess external influences during their
production [11-13].

In the 20th century, a new type of research method,
Simulation, was developed. Simulation of physical processes
and devices has become one of the main stages of research.
There are many models for modeling. For example, Sentaurus
TCAD, Silvaco TCAD, Crosslight TCAD, and Cogenda
TCAD are available for modeling semiconductor devices
[8-10]. In addition, Comsol Multiphysics is used to model an
entire system with external influences. We also used the
Comsol Multiphysics software package to study the effects of
mechanical stress on a silicon-based solar cell.

2. METHOD

The effects of mechanical stress on silicon-based solar cells
were modeled using the Comsol Multiphysics 5.5 software
package. This program has libraries of physical models.
These are “Structural mechanics”, “Fluid flow”,
“Electromagnetics”, “Chemical engineering”, “Acoustics”,
“Heat transfer” and “Semiconductors”. Each library contains
specific physical models. If we want to simulate more than
one process at a time, we need to use Multiphysics. The focus
is on the uniformity of the calculation methods for each
process. For example, a time-dependent process and a
stationary process cannot be calculated at the same time.

2.1 Model

Creating a system model in Comsol Multyphysics is done
in 5 steps. These include the creation of a geometric model,
the choice of material type, the assignment of physical
properties, the construction of a geometric model based on
physical properties, and the selection of calculation methods
to obtain results.
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A 2D geometric model of the solar cell was created.
Because there is symmetry in the solar elements. To create a
geometric model, Geometry was created within Component.
Of the geometry properties, the unit of length has been
changed to mm. Use the Geometry-> Rectangle command to
create 5 rectangles. It has been named Antireflection coating,
Base Back contact, Front contact 1 and Front contact 2. The
width Ix and the thickness d_SiO2 were given by the width
and height properties of the anti-reflective layer. The
thickness of the silicon layer is given by d_Si and the width by
Ix. The top contact was placed every 2.5 mm and its thickness
was given asd_f_ct and width as width_f_ct. The thickness of
the back contact is given as the variable d_b ct. The
thickness, width and coordinates of all layers can be seen in .
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Figure 1. Geometrical model of solar cell

Table 1:Variables

d_Si 0.2 2E-4m Thickkness of solar
[mm] cell base

dfct 0.02 2E-5m Thickness of solar cell
[mm] front contact

d b ct 0.02 2E-5m Thickness of solar cell
[mm] back contact

d_Sio2 0.0001 1E-7m Thickness of
[mm] antireflection coating

of solar cell

width_f ct | 0.2 2E-4m width of front contact
[mm]

width_sc 10 1E-2 Solar cell width
[mm]

To model the effect of mechanical stress, a physical model,
Solid Mechanics, was selected from the Structural Mechanics
group of physical properties. If we want to give strength to a
surface, we add Boundry Load from the context menu of Solid
Mechanics to the physical properties. If we want to give
strength to 2 or more surfaces in the same amount and
direction, we can add a single Boundry Load. it is enough to
add the surfaces we want to give it strength. If we want to give
different strengths to different surfaces, we have to add one
Boundry Load for each force. If we want to immobilize any
part of the system we are modeling, we add Fixed constraint
from the context menu, and the immovable part is given this
property.

Based on the physical properties given above, we network
the whole system. The purpose of this is that we know that the
calculation is done in a numerical style. Also, if we network
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the system, we will be able to determine the values for each
network node. This means that the smaller the grid, the more
accurate the calculation. But the computational speed
decreases.

By varying the value of the force or mechanical stress acting
on a silicon-based solar cell, it is possible to determine its
mechanical characteristics under different forces.

2.2 Theory

Comsol calculates based on the numerical method. Also, in
the simulation of 2- and 3-dimensional physical processes are
obtained depending on the coordinate axis of the physical
equations. We know that physics uses time-dependent
equations to describe general processes. Time equations are
general equations for these processes. If we say that all
parameters and variables are independent of time, then
stationary equations are formed. Hence, stationary equations
are special cases of time-dependent equations.

VS5+F, =0 (1
Here: S — mechanical stress, F, — volume force.

We know that if we put force on a body, the opposite force
will appear in the opposite direction. This force is called
volumetric force. The sum of the gradient of volumetric force
and mechanical stress is zero at stationary state (Formula 1).

S =S40 TC: 5, (2
Here: Suq — additional mechanical stress, g, — relative
mechanical expansion, C: - constructor

The total mechanical stress and the relatively elastic
elongation are connected by a design tensor (Formula 2).

Ea1 = £~ Ejpag ()
Here: &€ — total mechanical expansion, g — inelastic
mechanical exansion.
Einat — o + Egxt + Eoth (4)
Here: gy — initial mechanical expansion, g — extrenal
mechanical expansion, g, — Other mechanical expansion

Formula 4 was used in Comsol to determine the amount of
inelastic relative elongation. Other effects are also taken into
account.

Sﬂﬁ.'d =5I} +Saxr+5q (5)
Here: Sp — initial mechanical stress, Sex — external
mechanical stress, Sy — other mechanical stress

£ = % (V)T + V] (6)

C=C(Ev) 7
Here: u — field of mechanical stress, E — Yung modulus, v
—poison ratio.

3. RESULTS

Our goal is to study the distribution of the force acting on
the solar cell throughout the solar cell and its effect on its
properties. If we look at the results of many studies, the
mechanical properties of solar cells are poorly understood.
We virtually created a model of a silicon-based solar cell
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using the Comsol Multiphysics program. Then we applied a
force of 2 Newtons perpendicular to its surface. We can see
the deformation of its surface (Figure 2). In the model, we
were exposed to a body with a diameter of 0.1 mm. The body
penetrated the solar cell to a depth of 10 um under a force of 2
Newtons.

We can see the effect of the force on the depth distribution
(Figure 3). We know that the solar cell has two layers in its
simplest form. The first layer is n spheres and the second layer
is p spheres. n field thickness 10 um. the amount of
mechanical stress increases to the boundary of the n and p
spheres. The p-n junction is the point of change of the
mechanical stress. After the p-n junction, the amount of
mechanical stress decreases exponentially. This means that
there is an exponential relationship between mechanical
strength and thickness.

0.16
Figure 2. A 2d graph that visualizes the distribution of force on a
solar cell by its size
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Figure 3. Depth distribution of 0.2 N force applied to a silicon-based
solar cell

The change in the effect of the force on the surface of the
solar cell is given in (Figure 4). The mechanical stress is
highest at the corners of the body exposed to the solar cell.
There is minimal mechanical stress in the middle. The effect
of external forces on the body is greatly reduced.
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Figure 4. The distribution of the force exerted on a solar
cell by its surface
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4. DIsSCUSSION

The results show that the effect of mechanical force on the
solar cell is significant. We know that every device and
material has a strength limit. There is also a limit to the
durability of the solar element. From the above result, the
introduction of silicon also affects its mechanical properties.
Because the thickness of the solar cells is so thin, the strength
limit is very small. Therefore, it is covered with an EVA layer
to protect it from external influences. Note that (Figure 3) is
the exponential function that decreases after the maximum
point of the graph. If we look at the Weibull distribution
determined experimentally, we can see that the relative stress
is exponentially related to the mechanical stress. This proves
that the results we obtained through modeling are close to the
results of real experiments [13-14].

Plo)=1- [exp (—Ei;}m] (8)

Here: 6; — mechanical stress, cy, m — Weibull constants.

5. CONCLUSION

In studying the mechanical effects on the solar system, we
have concluded the following:

1. The study of the limits of the forces acting on the solar
cell correctly organizes the process of their production.

2. A change in the nature of the effect of mechanical stress
on the p-n junction has been identified.

3. The mechanical stress increases up to the P-n junction
and then decreases exponentially.
4. From the visualized results, the distribution of voltage
across the surface of the solar cell is sharply reduced..
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