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Abstract

The PC1D simulation aand origin software were successfully used for the study of Carrier Lifetime and Temperature effect on InGaN
Single-Junction Solar Cell. For the simulation, the total device area was 100 cm?, dielectric constant 13.1, band gap 1.35eV, intrinsic
constant is 1x10'° cm, doping concentration is 1x10%cm, electron number and hole number 1000 and 170 respectively, and the
refractive index was 3.58. The optimized temperature and bulk recombination were 25°C and 1000us respectively along with the
efficiency of 18.258 % for both n and p — InGaN solar cell. Several graphs were plotted under the following conditions: a) bulk
recombination time of p-InGaN and temperature are kept constant at 1000 ps and 25°C, the variation of bulk recombination time of n —
type InGaN solar cell with base current and voltage, maximum current and voltage, and efficiency and maximum power were studied.
b) bulk recombination time of n-InGaN and temperature are kept constant at 1000 ps and 25°C, the variation of bulk recombination
time of p — type InGaN solar cell with base current and voltage, maximum current and voltage, and efficiency and maximum power
were studied.
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Introduction The first device showing PV response was reported in 2007 [26].
Although InGaN solar cells are still not fully developed, various
theoretical models and numerical simulations have been conducted
to investigate the performance of single- and multiple-junction
InGaN solar cells (Feng et al., 2010; Hsu & Walukiewicz, 2008;
Shen et al., 2008; Zhang et al., 2007). In 2011, S. Ben Machiche
has achieved efficiency of 24.88% for single junction InGaN solar
cell and efficiency of 34.34% and 37.15% for double junction and

D. Parajuli, Murali, K. C, et al., 2022; D Parajuli et al., 2019; triple junction tandem solar cell respectively (Bouzid & machiche,

Deependra Parajuli & Samatha, 2022), electrodes (D. Parajuli, 2011).

Murali, Samatha, et al., 2022; D. Parajuli, Taddesse, Murali, There is greater loss in efficiency due to the recombination of
Veeraiah, et al., 2022) etc. For the energy sources investigation we  charge carriers. The solar radiations reception also depends in
have gone through different alternative energy approaches mainly  many parameters including geographical values. The reflectance,
in solar cells [21-23] etc. As our global energy expenditure thermodynamic efficiency, charge carrier separation efficiency
increases exponentially, it is apparent that renewable energy charge carrier collection efficiency, conduction efficiency are key
solution must be utilized. Solar PV technology is the best way to  factors affecting the efficiency of a solar cell system(Green, 1981).
utilize the unlimited solar energy. The InGaN is a recently The recombination losses are due to quantum efficiency, Voc ratio,
developed novel solar cell material for its promising tunable band  and fill factor values. Resistive losses are predominantly accounted
gap of 0.7 eV to 3.4 eV for the realization of high efficiency for by the fill factor value (Kumar, 2017), but also contribute to the
tandem solar cells in space and terrestrial applications(Akter, quantum efficiency and Voc ratio values. The highest known
2014). The IllI-nitride semiconductor material system, which efficiency of solar cell was 47.1% was achieved by the use of
consists of InN, GaN, AIN and their alloys, offers a substantial multi-junction concentrator solar cells, developed at National
potential in developing ultra-high efficiency photovoltaics mainly  Renewable Energy Laboratory, Golden, Colorado, USA (Geisz et
due to its wide range of direct-band gap, and other electronic, al., 2018; Photovoltaic Cell Conversion Efficiency Basics, 2014).
optical and mechanical properties. However, this novel InGaN
material system possesses challenges from theoretical, as well as
technological standpoints, which are further extended into the
performance of InGaN devices. The InxGa (1-x)N material system
is a promising candidate for developing high-efficiency PV
systems. Research involving InxGa (1-x) N photovoltaic devices
is still in its initial stages. Since the first proposal in 2003 to use
InxGa (1-x)N for solar cell applications, substantial efforts have
already been made in this research space (Honsberg et al., 2004).
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With the development of technologies, new materials has been
developed especially in energy efficient devices. There are two
aspects of energy management. Either using efficient devices or
generation of energy sources both of which were adopted by us.
For the development of energy efficient devices, we have
conducted investigations on different materials like, Ferrites [1, 2,
3-10, 11-15,], MXenes(D. Parajuli, 2018; D. Parajuli et al., 2023,;

There are many simulation tools for the study of device
simulations like Silvaco TCAD, SCAP-1D, GVPDM, AFORS-
HIT, PC1D etc. In this work, PCID simulation is used for the study
of InGaN single junction solar cell. The aim of this simulation
work is to obtain the maximum conversion efficiency of InGaN
single-junction solar cell with the best structure parameters. The
effects of the carrier lifetime of each layer on the electrical
parameters of the solar cell, such as the short circuit current (Isc),
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the open circuit voltage (V), the fill factor (FF), and the conversion
efficiency (n), were investigated. Furthermore, the effects of
temperature on the conversion efficiency of the single-junction
InGaN solar cell were also studied.

p-type InGaN

n-type InGaN

Rear Electrodes

Fig. 1: A 3D schematic diagram of proposed p—n InGaN
homojunction solar cell

Methods of Analysis

The PC1D simulation software is used for the computation of the
solar cell parameters due to it's free of cost, speed, user interface
and updated cell model. PC1D is a three step process: 1. Setting up
the simulation parameters which includes the device and material
parameters, and the excitation to be applied to the device. 2.
Running the simulation. 3. Examining the results. In addition, we
have used ORIGIN for plotting graph. We have used the free
version of this software. There is also the data analysis facility in
origin. In the analysis, the statistics, signal processing and curve
fitting option. It can imports, ASCII text, Excel, NITDM etc. and
can export the images in JPEG, GIF, EPS, TIFF...etc. In this study,
we have considered the effect of temperature, bulk combination in
the efficiency of the InGaN solar cell. For device area, 100 cm?,
different sets of reading can be taken and plotted graph between
base current and base voltage for different temperatures. Similar
set of graphs under the similar input parameters can be drawn for
various bulk recombination (carrier lifetime).

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

Brax = Voclsc FF
N = Voclsc FF [Py,

P Vmp X1 - . .
Where: FF = —2 = M- MP "y s the open-circuit voltage;
VocXlIsc VocXIsc

Isc is the short-circuit current; FF is the fill factor and # is the
efficiency.

The process of taking the highest efficiency for the study of other
solar cell parameters is called optimization. In our case, the
maximum efficiency was obtained at 25°C with bulk
recombination in 1000 ps of P-InGaN and N-InGaN on single
junction solar cell which is 18.358.
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Result and Discussions

A schematic diagram (3D and 2D) of proposed p—n InGaN
homojunction solar cell are shown in figure 1 and 2 respectively
with P-layer and n-layer having thickness of 120 nm and 270 nm.
At the time of simulation, the thicknesses are 0.5 pum and 5 pm
respectively.

Front contact

p-InGaN

130 nm {

270 nm

n-InGaN

Back contact

Fig.2: InGaN single junction solar cell

The parameters of the material that are used as the input values in
PC1D simulation on InGaN solar cell are listed in table 1.

Table I. Material parameters

Parameter Value N- InGaN | Value P InGaN
Thickness 0.5 um 5 um
Dielectric constant 13.1 13.1
Band gap 1.35eV 1.35eV

Intrinsic conc. 1x10% ¢m3 1x10% ¢m3
Refractive index 3.58 3.58

Doping 1x10Y¢m3 1x10Yem3
Electron number 1000 1000
Hole number 170 170

Carrier concentration effect of n-InGaN Solar cell

We have taken the thickness and bandgap of the n region as 0.5
pm and 1.35eV respectively to find the optimized value. From our
calculation, the maximum efficiency is obtained at 25 °C
temperature and the bulk recombination of n - InGaN is 1000us as
optimized value. Different sets are taken for the value of n- InGaN
to be 0.001, 0.01, 0.1, 1, 10, 100, 1000 pus respectively. Keeping
temperature fixed at 25 °C, we have recorded the changes of
current with voltage. All the obtained values are plotted in a graph
as shown in figure 3. The base current or the short circuit current
(Isc) seems independent with bulk recombination time, while the
open circuit voltage is initially constant, drop suddenly to
minimum at the bulk combination 10 and then again increases in
the same way.
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A graph of Imax against Vmax is as shown in figure 4. The Pmax and
its efficiency initially increases and becomes constant with the
bulk recombination. The variation of bulk recombination time of
n - InGaN was done at the constant value of temperature and p -
InGaN bulk recombination.

Similarly, the graph of maximum power and efficiency with bulk
recombination for n-InGaN solar cell is as shown in figure 5. In
the figure, the power is increasing more rapidly with bulk
recombination than the efficiency and finally both attains steady
state. The bulk recombination at 10 (us) show significance change
in all the graphs.
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Carrier concentration effect on p -InGaN Solar cell

The input values for the optimization of p-InGaN solar cell were
0.5 um and 1.35eV for thickness and bandgap of the p region
respectively. For the optimization, it is assumed that proposed cell
has maximum efficiency in the active region. As in the n-type
carriers, the bulk recombination time for p-InGaN was varied from
0.001, 0.01, 0.1, 1, 10, 100, 1000 ps respectively.
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Similarly, the graph of bulk recombination time with maximum
current and voltage at constant temperature and n-type bulk
recombination is as shown in figure 7. The maximum current and
maximum voltage show the same trend with bulk recombination
as for Isc and Voc against bulk recombination.

In the same way, the graph between maximum power and
efficiency with bulk recombination of p-type under the same
condition is shown in figure 8. The power is increasing more
rapidly than efficiency with bulk combination.

Impact of temperature

In this case, we have studied the change in various solar cell
parameters with the variation in temperature. Here, both the n and
p-type bulk recombination time are kept constant at 1000 ps. We
have taken different values of short circuit current and open circuit
voltage at various temperature ranging from 25 °C to 50°C. The
obtained values were plotted in a graph as shown in figure 9. The
open circuit voltage is decreasing and the short circuit current is
increasing with the temperature. The increasing current with
temperature show the semiconducting nature of the system.
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Similarly, the variation of temperature with maximum voltage and
current for p-type InGaN is as shown in figure 10. The current is
increasing and voltage is decreasing with the temperature and
finally both attain the steady values. The variation of temperature
with maximum power and the efficiency is as shown in figure 11.
Both the efficiency and maximum power are decreasing with the
temperature indicating that the solar cell in not good at higher
temperature.

Optimization
In this section, two steps are performed,

1) bulk recombination time of p-InGaN and temperature are kept
constant at 1000 ps and 25°C, the variation of bulk
recombination time of n — type InGaN solar cell with base
current and voltage, maximum current and voltage, and
efficiency and maximum power were studied.

2) bulk recombination time of n-InGaN and temperature are kept
constant at 1000 ps and 25°C, the variation of bulk
recombination time of p — type InGaN solar cell with base
current and voltage, maximum current and voltage, and
efficiency and maximum power were studied.
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For the InGaN simulation, the n - InGaN layer thickness was 0.5
um, the p - InGaN layer thickness was 5 um, the doping
concentrations for these layers are 1 x 10" cm, dielectric constant
is 13.1, bad gap 1.35eV, intrinsic constant 1x10° cm3, refractive
index 3.58, electron number and hole number 1000 and 170. The
obtained results were extracted from the 1-V curve characteristics
for the model as shown in figure 12. The open-circuit voltage (Voc),
short-circuit current (ls), and the efficiency of this initial
simulation were found to be 0.8131V, 2.539A, and 18.26 %
respectively. The maximum power is obtained from the figure.
After all, the optimized value of temperature and bulk
recombination were found to be 25°C and 1000 ps respectively.

Conclusions

The PC1D simulation and origin software were successfully used

for the study of Carrier Lifetime and Temperature effect on InGaN

Single-Junction Solar Cell. For the simulation, the total device

area was 100 cm?, dielectric constant 13.1, band gap 1.35eV,

intrinsic constant is 1x10 cm?®, doping concentration is

1x10Ycm3, electron number and hole number 1000 and 170

respectively, and the refractive index was 3.58. The optimized

temperature and bulk recombination were 25°C and 1000us
respectively along with the efficiency of 18.258 % for both n and

p — InGaN solar cell. Several graphs were plotted under the

following conditions:

1) bulk recombination time of p-InGaN and temperature are kept
constant at 1000 ps and 25°C, the variation of bulk
recombination time of n — type InGaN solar cell with base
current and voltage, maximum current and voltage, and
efficiency and maximum power were studied.

2) bulk recombination time of n-InGaN and temperature are kept
constant at 1000 ps and 25°C, the variation of bulk
recombination time of p — type InGaN solar cell with base
current and voltage, maximum current and voltage, and
efficiency and maximum power were studied.
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