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Abstract—This paper is an effort to analyze the performance of InGaN/GaN
solar cell. InGaN/GaN solar cell contains p and n-type layer of GaN and intrin-
sic layer of InGaN. The proposed structure of solar cell also contains front
TCO, back TCO and back reflector layers. This paper represents the mechanism
of designing and analysis of InGaN/GaN solar cell. Performance of the de-
signed solar cell was checked based on electric field, current density and elec-
tric potential generated in the designed cell. J-V curve is the most important fac-
tor to analyze the performance of the solar cell. Power conversion efficiency
(PCE) and fill factors have been calculated from this graph. According to the
analysis of the simulation results PCE (1) of the designed solar cell is 12.91%
with Je of 19.3 mA/cm? and Vo of 0.78 V. At the end, this research work is
about designing successfully with an efficient InGaN/GaN solar cell for further
use in solar applications.

Keywords—InxGaixN, GaN, InGaN/GaN, Electric Field, Electric Potential,
Current Density, J-V curve, COMSOL Multiphysics.

1 Introduction

Throughout the world, power generation and implementation are one of the big
challenges. History says from the beginning, everywhere has countless struggles for
power or electricity generation. Solar system power generation is now the new form
of power, which not only dominates world politics, but also directly supports the
grass-root activity of the society and has the potential to uplift human standards of
living. However, this era of new power does not come without a new set of challenges
— degradation of the environment, long-term sustainability, and national security is-
sues. Hence, our struggle for power persists as we explore alternate ways to secure
our future [1].

Nowadays Renewable energy vastly expanded throughout the world because of its
environmentally friendly system. The development of new technologies is increasing

46 http://www.i-jes.org


https://doi.org/10.3991/ijes.v8.i2.14809
mailto:moidshozib@gmail.com

by researchers, governments, consumers, business sectors because of the focus on
Renewable energy for generating power and electricity. Though most of the electricity
generates from different kind of fossil fuels like as coal, oil and natural gas, natural
resources which are limited because they collect from the earth's surface (most of the
fossil fuel) [2]. Another important fact is the price which will be rises day after day.
Therefore, Renewable energy sources like solar, geothermal, biomass, hydroelectric
and wind power generation have come out as potential alternative in concerns. The
main concern of ours is to use solar system of unlimited Renewable energy resources
as a power/energy source. By designing and analysis of the PV Solar cell by using
InGaN/GaN which can be the part of Renewable energy resources which improve-
ment, efficiency growing rapidly throughout the world as a source of electricity.

Indium gallium nitride (InGaN) is a semiconductor material made of a mix ofgalli-
um nitride (GaN) andindium nitride (InN). It is a ternary group IlI/group Vdirect
bandgap semiconductor. The ability to perform bandgap engineering with InGaN over
a range that provides a good spectral match to sunlight, makes InGaN suitable
for solar photovoltaic cells [1][2]. It is possible to grow multiple layers with different
band gaps, as the material is relatively insensitive to defects introduced by a lattice
mismatch between the layers [3].

The significant photo response was obtained from experimental InGaN single-
junction devices [4][5]. In addition to controlling the optical properties which results
in band gap engineering, photovoltaic device performance can be improved by engi-
neering the microstructure of the material to increase the optical path length and pro-
vide light trapping [6]. Growing nano-columns on the device can further result in
resonant interaction with light [7].

This paper is organized as follows: Section II presents a short review on
InGaN/GaN solar cell. Section III describes the experimental design, materials, and
parameters of the designed cell. Section IV represents the discussion and analysis of
the simulated results of the designed cell. Then with Section V this paper ends with a
conclusion.

2 Review on InGaN/GaN Solar Cell

As a tunable band gap material among the III-nitride materials, InGaN has been at-
tracting increasing attention in the field of solar cells. This can be largely attributed to
its wide and continuous band gap coverage (0.69 - 3.4 eV) covering the span of the
whole solar spectrum, which can be adjusted simply by changing the indium (In)
content in the alloy [35]-[37]. Besides, InGaN has other advantages in photovoltaic
cells application, such as high absorption coefficients of ~105 cm-1 near the band
edge [38], superior radiation resistance compared to other conventional photovoltaic
materials and extensive technology development in high-performance light-emitting
diodes [35][39]. The increase of the in content is beneficial to extending the absorp-
tion range and enhancing the effective light absorption for the InGaN based solar cell.
It has been observed that the increase for the in composition often accompanies by the
phase separation in the process of growth, which will lead to the quality deterioration
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of the InGaN film. Furthermore, this deterioration will become more serious as the
thickness of the InGaN layer is increased [41]. The reasons are mainly because InGaN
is typically grown on GaN layers and the lattice mismatch strain limits the indium
composition and layer thickness. Additionally, to incorporate sufficient indium,
InGaN growth is performed at low growth temperatures, resulting in increased incor-
poration of impurities or other point and defect related non-radioactive recombination
centers [42].

In addition, InGaN/GaN can be viewed as an ideal candidate PV material for both
this potential band gap engineering and microstructural engineering in nano-columns
that offer optical enhancement. InGaN is an extremely versatile potential PV material
that enables several known photovoltaic device configurations and multi-junctions.
This potential is driving immense scientific interest in the material system.

The FF is defined as the ratio of the maximum power from the solar cell to the
product of open circuit voltage (Vo) and short circuit current (Is). FF is a measure of
the "squareness" of the IV curve, a solar cell with a higher voltage has a larger possi-
ble FF.

Voe—In(Vpe+0.72)

Fill Factor, FF = (1)
Voct+1
Where V. is defined as a "normalized Vo.":
Normalized Voe = —— Ve )

nKT

The efficiency of a solar cell is determined as the fraction of incident power which
is converted to electricity and is defined as:

Pmax=Voc X lsc X Fill Factor 3)
Efficiency = Pmax 4)
Pin

Where, Vo is the open-circuit voltage, | is the short-circuit current, FF is the fill
factor and n is the efficiency.

3 Experimental Design

This paper presents effort to design InGa;.x N/GaN PV cell using COMSOL Mul-
tiphysics. COMSOL Multiphysics has been used because of its unique flexibility.
This simulation tool provides partial differential equations and one can simulate phys-
ical processes. Designed solar cell contains transparent glass layer, front TCO, p-type
layer, intrinsic layer, n-type layer, back TCO and back reflector. Total thickness of the
designed solar cell is 1.45 pm. Table 1 show the materials used in different layers and
thickness of the layer.
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Fig. 1. Schematic diagram of the designed InGaN/GaN PV cell.

Table 1. Name of the layers, materials & thickness of the layers.

Layer Material Used Thickness
Glass Glass 500 nm
Front TCO SnO, : F 200 nm
p-type layer GaN 50 nm
Intrinsic layer In,Ga;.\N 200 nm
n-type layer GaN 100 nm
Back TCO Zn0 : Al 200 nm
Back reflector Ag 200 nm

4 Analysis of Simulated Results

COMSOL Multiphysics simulator was used to design and analyze the performance
of designed the solar cell. In the simulator different physics including Electromagnetic
waves, Electrostatics and transport of diluted species were used. For simulation wave-
length range of 380 nm to 750 nm was defined to check the performance for different
wavelength. This is the range for visible spectrum. According to the solar spectrum
for different wavelength within this range highest amount of solar radiation enters the
atmosphere. But the main concentration was at 530 nm.

When sunrays enter the top glass layer, photons are absorbed by the front TCO and
it generates electric field in the top glass and front TCO layer. Glass layer is used as a
protective layer for the rest of the layers. Then the generated electric field goes
downward through p-type layer. In a 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. So, when photons are absorbed by front
TCO and electric fields or energy goes downward. It will excite the electrons of n-
type layer. So, electrons will flow from n-type layer towards p-type layer. So, there
will current flow from p-type layer to n-type layer. And the back-reflector layer is

1JES — Vol. &, No. 2, 2020 49



used so that the absorbed photons can be back reflected. Fig. 2 shows electric field
generated in the top glass layer and front TCO layer.

freq(3)=5.5540E14 Multislice: Electric field norm (V/m) Volume: Electric field norm (v/m) o

A 979

- 100
Yal ox

¥ 3.75x107°

Fig. 2. Electric field generated in the glass layer and front TCO layer after photon absorption.

Then the electric fields will pass downwards. Fig.3 shows the electric field in the
glass is absorbed by TCO. And Fig. 4 shows the graphical representation for different
wavelengths. From the graph we can see that the value of electric field will increase
when arc length is 600 nm. Here arc length means the thickness of the solar cell from
the bottom.

freq(3)=5.5540E14 Volume: Electric field, y component (v/m) o

¥ -530

Fig. 3. Electric field absorbed in TCO layer of designed solar cell.
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Fig. 4. Graph of electric field versus arc length.

Electrons flow from n-type layer to p-type layer. So current density will be higher
from 600 nm. Fig. 5 shows graphical representation of current density versus arc
length. From the figure current density is higher after arc length of 600 nm. Because
n-type layer end at 600 nm and p-type layer is at arc length of 800 nm. And anode are
p-type layer and cathode are n-type layer.
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Fig. 5. Graph of current density versus arc length.

The generation rate gives the number of electrons generated at each point in the
device due to the absorption of photons. Fig. 6 shows the graph of g-generation rate in
the designed solar cell for different wavelengths. G generation rate graph start in-
creasing after arc length of 600 nm. So, g-generation rate is high from arc length of
600-650 nm for all the wavelengths. Then it is at minimum value again.
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Fig. 6. Graph of generation rate versus arc length.

Solar cells generate electric energy. Electrons flow from n-type layer to p- type
layer. That means electric potentials will be lower in p-type layer and electric poten-
tial will be higher at n-type layer. For this reason, electrons will jump from n-type
layer to p-type layer. So current will flow in the opposite direction. Fig. 7 shows elec-
tric potential in the designed solar cell at thermal equilibrium. According to the figure
electric potential is higher is n-type layer.

Multislice: Electric potential (V) Volume: Electric potential (V) (&)
A 537 A 537
5.4 5.4
55 5.5
5.6 5.6
5.7 5.7
5.8 5.8
5.9 5.9
-6 A
6.1 6.1
z
¥ L'x 6.2 6.2
V¥ -6.26 ¥ -6.25

Fig. 7. Electric potential generated in the solar cell.

Electric potential generated in the designed solar cell were analyzed by using volt-
age sweep which means changing the voltage. And this time electric potential was
analyzed at non-thermal equilibrium. Fig. 8 shows electric potential for V4= 0.42 V in
the solar cell. This voltage (Vq4) value can be varied. This is the range of voltage from
0V to 2.5 V. According to the figure electric potential is higher in n-type layer and
lower in p-type layer. Thus, electrons will flow from n-type layer to p- type layer.
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Fig. 8. Electric potential generated in designed solar cell at non-thermal equilibrium.

J-V curve is the most important result to analyze the performance of a solar cell.
Fig. 9 shows the J-V curve of the designed solar cell.

Global: Current Density (mAfcm?) o
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Fig. 9. Graph of current density versus Voltage

According to the figure, open circuit voltage (Vo) = 0.78 V, short circuit current
density (Jsc) = 19.3 mA/cm2. The fill factor and efficiency were calculated using eqn.
(1) and (4).

Fill factor = 85.78%
Efficiency = 12.91%
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5 Conclusion

Solar energy is one of the alternative ways. There is a huge demand for solar cells
as alternative electricity source for nowadays. But the efficiency is not up to the mark.
Thus, researchers are trying to increase the efficiency. There is a huge demand for
InGaN/GaN solar cells. But their efficiency is not up to the mark. This work presents
effort to explain the mechanism of this type of solar cell. The efficiency can be in-
creased by changing the thickness of intrinsic layer. This paper represents designing
and performance analysis of this type of solar cell in COMSOL Multiphysics. Ac-
cording to the analysis of the simulated results efficiency of the designed solar cell
was 12.91% with fill factor of 85.78%. At the end this was a success to design an
efficient InGaN/GaN pin type solar cell for further use in solar applications.
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