SHORT PAPER
LIGHT ENTRAPPING, MODELING & EFFECT OF PASSIVATION ON AMORPHOUS SILICON BASED PV CELL

Light Entrapping, Modeling & Effect of
Passivation on Amorphous Silicon Based PV Cell

http://dx.doi.org/10.3991/ijes.v4i2.5848

Md. Mostafizur Rahman, Md. Moidul Islam, Mission Kumar Debnath,
S.M. Saifullah, Samera Hossain, Nusrat Jahan Bristy
American International University-Bangladesh (AIUB), Dhaka, Bangladesh.

Abstract—This research paper present efforts to enhance
the performance of amorphous silicon p-i-n type solar cell
using sidewall passivation. For sidewall passivation, MEMS
insulation material Al,O; was used. The main objective of
this paper is to observe the effect of sidewall passivation in
amorphous silicon solar cell and increase the conversion
efficiency of the solar cell. Passivation of Al,O; is found
effective to subdue reverse leakage. It increases the electric
potential generated in the designed solar cell. It also increas-
es the current density generated in the solar cell by sup-
pressing the leakage. Enhancement in J-V curve was ob-
served after adding sidewall passivation. The short circuit
current density (J,.) increased from 14.7 mA/cm’ to 18.5
mA/cm?, open circuit voltage (V,.) improved from 0.87 V to
0.89 V, and the fill factor also slightly increased. Due to the
sidewall of passivation of AL,O;, conversion efficiency of
amorphous silicon solar cell increased by 29.07%. At the
end, this research was a success to improve the efficiency of
the amorphous silicon solar cell by adding sidewall pas-
sivation.

Index Terms—Amorphous Silicon, Passivation, Aluminum
Oxide, Electric Potential, Current Density, COMSOL Mul-
tiphysics.

[. INTRODUCTION

The greater part of the world's recent electricity supply
is generated from fossil fuels like oil, coal and natural gas.
These energy resources are faced by a number of chal-
lenges which includes rising of these fuels, security issues
etc. The epic challenge of the 21* century is to fill up the
gap between energy supply and demand with clean, relia-
ble and inexpensive renewable energy. Therefore re-
searcher started to implement alternative energy resources
for long being and the renewable energy is one of them
and Solar System is one of the clean alternative resources.
While we started our research work, several challenges
like reducing environmental impact, increasing conversion
efficiency is the main concern of our work which are
important for environmental impact and also for energy
sources. Semi-conductors are promising for photovoltaic
applications. Many semi-conductors are abundant, non-
toxic and chemically stable that allows materials disposal
under ambient conditions.

Amorphous silicon (a-Si or a-Si:H) solar cells are intro-
duced as a category of thin film solar cells. The word
“amorphous” actually signify shapeless. In this type of
solar panels, silicon is not crystallized or structured on
molecular level like the other types of solar cells based on
silicon material. Hydrogenated amorphous silicon (a-Si:H)
was a late arrival to the research on amorphous semicon-
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ductors, which was first made in the late 1960s. Before
that time there was research on amorphous silicon without
hydrogen, which was prepared by sputtering or by thermal
evaporation. The unhydrogenated material has a very high
defect density which prevents doping, photoconductivity,
and the other desirable characteristics of useful semicon-
ductor. Electronic measurement was mostly limited to the
investigation of conduction through the defect states [2].

Though amorphous silicon suffers from lower electric
performance compared to c-Si but it is more flexible in its
application. For example if more a-Si layer is used to
make solar cell than c¢-Si then it saves the silicon material
producing cost and it can be recycled [10] [11].

In this research sidewall passivation or insulating was
introduced in a-Si solar cell. Passivation is extremely
necessary for high efficiency solar cells. Films of a-Si
have proved to be on par with the best dielectric films and
for intrinsic films, an essential state for good passivation is
that the interface is atomically sharp for flat and also for
textured substrates.

Effective reduction of front surface carrier recombina-
tion is essential for high efficiency silicon solar cells.
Dielectric films are normally used to achieve such reduc-
tion. These provide an efficient passivation of surface
recombination and an effective anti-reflection layer. The
conditions that produce an effective anti-reflection coating
are not necessarily the same for efficient passivation,
hence both functions are difficult to achieve simultaneous-
ly and expensive processing steps are normally required.
This can be overcome by enhancing the passivation prop-
erties of an anti-reflective film using the electric field
effect. Here, we demonstrate that thermally grown Alumi-
num oxide (Al,O3) is an efficient passivation layer when
chemically treated and electrically charged. Double layers
of Al,O3 also provided stable and efficient passivation for
a period of a year when the sample is submitted to a post-
charge anneals [3].

Scientists have published the efficiency rates of the
amorphous silicon cells to 12.5%. These solar cells are
manufactured in ranges from 6% to 9% in high volume
processes [1]. To produce electricity; the thin film solar
cells make use of only a 1-4 um thick layer of semi-
conductor substance. For this reason these require less
processing and less materials.

This paper is organized as follows: Section 2 presents a
review of amorphous silicon based solar cell. Section 3
describes the experimental design of a-Si solar cell and
materials used in the cell. This section presents two de-
signs of a-Si solar cell. One design is without any sidewall
passivation and other one is modified design of the solar

http://www.i-jes.org



SHORT PAPER
LIGHT ENTRAPPING, MODELING & EFFECT OF PASSIVATION ON AMORPHOUS SILICON BASED PV CELL

cell with sidewall passivation. Section 4 represents the
analysis of the simulated results. With Section 5 this paper
ends with a conclusion.

II. REVIEW OF AMORPHOUS SILICON PV CELL

Light is an energy that consists of photons. Solar cells
convert this light energy into direct current (DC) and volt-
ages. The conventional solar cells are made of silicon. It is
a semi-conductor material which means it has a property
of both metal and insulator.

Generally solar cells are made by Si which are flat plate
and most efficient. Amorphous solar cell is called descend
generation solar cell Non-crystalline form of silicon mate-
rial is called amorphous silicon. Each silicon atom is con-
nected with four neighboring silicon atom through cova-
lent bond. So it is called fourfold coordinated atom. It is
the tetrahedral bonded of silicon atoms to bond with
neighboring silicon. But for the amorphous silicon this
type of long range order is not present. Rather than this
type atom create a random network continuously [5].
Although all atoms are not fourfold coordinated with
amorphous silicon. For this disorder behavior of the natu-
ral material, some of the atoms of these materials have
dangling bond represents the defect of the material which
is used in PV cells [6]. Crystalline silicon PV cell is one
type of heterojunction technology which allows these
solar cells to convert energy. This type of solar cell is
composed of thin amorphous Si layer on monocrystalline
silicon wafer. Amorphous silicon band gap is more than
crystalline silicon. It helps to reduce the C-Si density and
doping process for this type of film is easy. 1/300 th
amount of active material is contained by amorphous
silicon cell in the crystalline silicon solar cell.

Amorphous silicon modules are the first truly
commercial thin-film photovoltaic (PV) devices. For the
deposition of amorphous silicicon from silane or other
silicon gases several methods have been used.These
include: chemecal vapor chemical vapor deposition
(CVD), direct current (de) and radio-frequency (rf) glow
discharge (plasma-enhanced chemical vapor deposition),
electron-cyclotron-resonance (ECR) glow discharge,
microwave glow discharge, hot-wire decomposition
sputtering and cluster beam evaporation. Of these, rf and
de glow-discharge depositions are the most common and
are those used by industry. Glow discharge has
demonstrated ease of scale-up and excellent uniformity
over square-meter areas [12].

Amorphous silicon panels are created of thin layer of
silicon material by chemical vapor deposition. Thickness
of this layer is about 1 micrometer on a substrate like a
glass or metal. At low temperature which is 75°C, it can
be deposited at this temperature which helps to deposit on
a plastic or other metal [7]. However, on heating the sam-
ples to above 150°C the effect could reverse. This type of
cell is the simplest form of the cell structure which se-
quence is p-i-n layer. Single layer surface has the possibil-
ity to give the minimum output with the range of 15-
35%.When it is exposed to the sun .This type of problem
is called degradation. And the mechanism of the degrada-
tion is known as Staebler-Wronski effect [7]. Thin layer is
used across the material for increasing the electric field
strength and better stable output. As a result light absorp-
tion reduces with the side of cell efficiency.
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III. EXPERIMENTAL DESIGN

It is important to analyze the performance of amor-
phous silicon based solar cell before adding any sidewall
passivation. So the performance of the new designed
model can be compared to observe the enhancement. All
the simulations were done using COMSOL Multiphysics.

Initially pin type amorphous silicon solar cell was de-
signed to observe the performance without passivation.
The designed model consisted of front TCO (Transparent
conductive oxide), back TCO and back reflector. The
designed model has Fluorine doped SnO, (SnOy: F) in the
front TCO. In back TCO Aluminium doped ZnO
(ZnO:Al) and in back reflector silver (Ag) was used. Fig-
ure 1(a) shows the geometrical design of the solar cell
designed without any passivation.

Then sidewall passivation was introduced in the design.
AlL)Oj3 insulator material was used for sidewall passivation.
Figure 1(b) shows the design of the solar cell with side-
wall passivation.

Both structures shown in figure 1 consisted of 100 nm
of both front TCO & back TCO and 200 nm of back re-
flector. Width of the sidewall passivation was 20 nm.
Table I explains about the thickness and materials used in
different layers.
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Intrinsic Layer a-Si

Insulator
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(a) (b)

Schematic of designed a-Si solar cell without passivation (a)

Figure 1.
& designed a-Si solar cell with sidewall passivation (b).

TABLE L.

NAME OF THE LAYERS, MATERIALS & THICKNESS OF THE LAYERS
Layer Material Used Thickness
Glass Glass 300 nm

Front TCO SnO, : F 100 nm

p-type layer Amorphous Silicon 20 nm

Intrinsic layer Amorphous Silicon 200 nm

n-type layer Amorphous Silicon 50 nm

Back TCO ZnO : Al 100 nm

Back reflector Ag 200 nm
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IV. ANALYSIS OF SIMULATED RESULTS

It is required to discuss the simulated results of the
amorphous silicon solar cell without sidewall passivation,
before discussing the simulated results of the modified
design of amorphous silicon solar cell.

When sunrays enter the top glass layer, it generates
electric field in that layer and photons are absorbed by the
front TCO. Then the energy is passed downward through
p-type layer. In amorphous silicon based p-i-n solar cell
the surface charge density is greater in n-type layer. As the
majority carriers of n-type layer are electrons and the
majority carriers of p-type layer are holes.

Solar cell generates electric potential. So generated
electric potential is high in n-type. Figure 2 shows the
electric potential generated in the solar cell when there
was no passivation and also for the modified design with
sidewall passivation. The sidewall passivation prevented
the leakage in the solar cell. Due to the sidewall pas-
sivation electric potential has increased in the modified
design. The modified design of the amorphous silicon
based solar cell generates more electric potential.

Figure 3 shows the graph of electric potential generated
in the solar cell before adding any sidewall passivation.
From the graph electric potential is high in n-type layer.
The highest electric potential generated in n-type layer is
4.55V.

Figure 4 shows the graph of electric potential generated
in a-Si solar cell, when the design is modified with side-
wall passivation. The highest electric potential generated
in n-type layer is 4.68 V.

Solar cell generates electricity by converting the photon
energy. Electrons flow from n-type layer toward the p-
type layer and current flows in the opposite direction.
Electric current flowing through per unit cross-sectional
area of a solar cell is known as current density. As current
flows from p-type layer, so current density is higher in n-
type layer.

To calculate the efficiency of solar cell, short circuit
current density, open circuit voltage and fill factor is nec-
essary. From current density versus voltage graph short
circuit current (Ji.) and open circuit voltage (V) can be
calculated.

Fill factor of the solar calculated from the below equa-
tion:

_ Voc—=In(Voc+0.72)
Voc+1

FF (D

Efficiency is the most important factor for the perfor-
mance analysis of the solar cell. It is the ratio between the
input power and output power. Efficiency of the solar cell
can be calculated from the below equation.

Voc.Jsc.FF

Efficiency, n = o

2

Figure 5 shows current density versus voltage graph be-
fore adding sidewall passivation in the designed a-Si solar
cell. According to the graph short circuit current (J) is
14.7 mA/cm? and open circuit voltage (Vo) is 0.87 V.
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Figure 2. Electric potential generated in a-Si solar cell without pas-
sivation (a) & electric potential generated in a-Si solar cell with sidewall
passivation (b).

Line Graph: Electric potential (V) o

tential (v)

) 0.5 1 15 2 25 3 35 a 45 5 55 ] x10"
Arc length

Figure 3. Electric potential generated in a-Si solar cell before adding
passivation.
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Figure 4. Electric potential generated in a-Si solar cell after adding
sidewall passivation.

http://www.i-jes.org



SHORT PAPER
LIGHT ENTRAPPING, MODELING & EFFECT OF PASSIVATION ON AMORPHOUS SILICON BASED PV CELL

Global: Current Density (majem?) o

14 — Current Density |
12

10 |-

& |

4 (.

Current Density (mAjem?)
\

Figure 5. Current density versus voltage characteristics of a-Si solar
cell before adding sidewall passivation.
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Figure 6. Current density versus voltage characteristics of a-Si solar
cell after adding sidewall passivation.

TABLE II.
PHOTOVOLTAIC CHARACTERISTIC OF THE AMORPHOUS SILICON SOLAR
CELL BEFORE AND AFTER SIDEWALL PASSIVATION

cell. Thus efficiency increases after adding sidewall pas-
sivation. Conversion efficiency is 14.34%. Conversion
efficiency of designed a-Si solar cell has been increased
by 29.07% after adding sidewall passivation of Al,O;.

V. CONCLUSION

According to the increasing demand of electric energy,
the production of electric power is not increasing. Most of
the electricity productive industries use natural resources
to produce electricity. But the natural resources are lim-
ited. As a result, the natural resources are decreasing day
by day to produce electricity. That’s why an alternative
resource should be used to produce electricity. And for
this reason, renewable energies like solar energy can be a
better option for producing electric energy. Applications
of amorphous silicon based solar cell will increase if the
conversion efficiency is increased significantly. After
adding sidewall passivation, it was noted that the response
of the device was enhanced. The most important factor to
analyze the performance of the solar cell is fill factor and
conversion efficiency. Passivation effectively suppresses
the leakage in the solar cell. The short circuit current den-
sity (Ji) increased to 18.5 mA/cm?, open circuit voltage
(Voo) improved to 0.89 V, and the fill factor increased
from 86.9% to 87.12%. Before adding sidewall pas-
sivation in a-Si solar cell, the conversion efficiency was
11.11% and after adding passivation was increased to
14.34%. Conversion efficiency of amorphous silicon solar
cell increased to 29.07% because of adding sidewall pas-
sivation of Al,O;. So it can be seen that after adding side-
wall passivation of 60 nm thick in a-Si solar cell, the per-
formance of the solar cell was improved.
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