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On a sunny day, the front side of the bifacial solar cells is illuminated with direct and the rear side with the
diffused light. Therefore, it is important to study the effect of diffusion and direct light on the bifacial solar cell. In this
study, the effects of diffuse and direct light and temperature on the textured bifacial solar cell were determined by
simulation. According to the obtained results, the optimal value of the angle of base of texture for a bifacial silicon
solar cell is 580. On a cloudy day, under diffuse light illumination on both sides, the planar and optimally textured
solar cells have an efficiency of 13.14% and 16.03% and a short-circuit current of 4.34 mA/cm? and 5.49 mA/cm2. The
short-circuit current is 2.28 mA/cm? and 2.88 mA/cm? when only front side is illuminated with diffuse light. On a
sunny day, when direct light falls on the front side and diffuse light falls on the rear side, the short-circuit current of
the planar and optimally textured solar cell are 27.79 mA/cm?2 and 35.16 mA/em?, respectively. Short-circuit current
are 25.73 mA/cm? and 32.65 mA/cm? when only front side illuminated with direct light.
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1. INTRODUCTION

Today, the use of renewable energy sources to meet
energy needs is becoming urgent. Among renewable
energy sources, solar energy makes up a large share. Solar
cells are mainly used to convert solar energy into
electricity. Currently, electricity from solar cells ac-counts
for 4.5% of the world's electricity [1].

Increasing the efficiency of solar cells and reducing
their cost is one of the main tasks of today. So far, the
maximum efficiency of solar cell has reached 39.5% [2]. In
industry, 96% of solar cells are made of silicon [3]. Because
silicon is one of the most common materials on earth. The
efficiency of the silicon-based solar cell is 29% according to
the Shockley-Quizzer theory [4] and in the experiment [5]
is equal to 26.8%. The optimal thickness of a silicon-based
solar cell in the industry is 175 um [6]. To further reduce
the cost of the solar cell, it is better to use materials with a
high absorption coefficient in thin layers. One such
material is perovskite [7]. Perovskite solar cells are very
easy to synthesize [8] and the efficiency is higher than that
of silicon-based solar cells [9]. But their stability is very
low, so they are not produced at an industrial level [10].
Since almost all solar cell manufacturing plants are
silicon-based, scientists are interested in creating silicon-
based tandem solar cells [11].

There are mainly 3 types of losses in solar cells [12]:
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optical, electrical and thermal. Optical losses include the
reflection of light from the surface [13], parasitic
absorption [14], spectral mismatches [15] is included. to
reduce the amount of light reflected from the surface 2,
Si02, a SiNx, MgFe, and TiO:z optical layers [16] and
textures are created [17]. When the texture is created,
the depth of light absorption is also reduced, which
allows to reduce the thickness of the solar cell. Spectral
mismatch is eliminated by forming tandem structures of
various semiconductors in order of de-creasing band gap
[18]. According to the theory, the efficiency of a tandem
solar cell with an infinite layer can reach 68.7% [19].
Tandem structures also prevent parasitic absorption.
Because high-energy photons are absorbed in a layer
with a large band gap, it is more likely that high-energy
electrons will reach the contacts without thermalization.
In addition, the spectral mismatch was also reduced by
introducing metal nanoparticles in the n region of the
solar cell [20]. A nanoparticle absorbs infrared light and
emits light in the visible range, that is, it modifies the
light spectrum [21]. Therefore, the spectrum of light
absorbed by the solar cell expands. To reduce the amount
of recombination in solar cells, the front and rear sides
are covered with passivating materials [22]. Because the
surface of the solar cell becomes active due to dangling
bonds, the recombination rate is high. When the solar cell
heats up, the efficiency and the open circuit voltage

https://jnep.sumdu.edu.ua

© 2024 The Author(s). Journal of Nano- and Electronics Physics published by Sumy State University. This article is
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: R. Aliev et al., J. Nano- Electron. Phys. 16 No 5, 05025 (2024) https://doi.org/10.21272/jnep.16(5).05025


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.16(5).05025
https://doi.org/10.21272/jnep.16(5).05025
mailto:irodakhon.gulomova@yahoo.com
https://orcid.org/0009-0007-6760-0018

R. ALiEv, M. KoMILOV, N. MIRZAALIMOV ET AL.

decrease sharply [23]. Many cooling designs have been
recommended to prevent overheating [24].

The sunlight falling on the solar panel is mainly di-
vided into two spectrums: direct and diffuse. Diffuse light
is formed due to the scattering of sunlight in air molecules
and its return from the ground [25]. Industrially produced
solar cells are mainly single-sided sensitive and the rear
side is covered with a solid metal con-tact. By making the
rear contact in the form of a grid and covering it with an
optical layer, a bifacial solar cell can be formed. Since
infrared rays are mainly absorbed by metal contacts, the
thermal properties of the solar cell can be improved by
making the rear contact in the form of a grid. In addition,
direct light mainly falls on the front side of the solar cell,
and diffuse light falls on the rear side. That is, there is an
opportunity to convert diffused light into electricity. Also,
there is not much difference between the cost of single-
sided and bifacial solar cells. Hence, it is important to
research and optimize bifacial solar cells. Therefore, in this
scientific work, a bifacial textured solar cell was
investigated using simulation for geometric optimization.

The article is structured as follows: method, results and
discussion, and conclusion. The method section describes
the steps of bifacial solar cell simulation and their
theoretical basis in detail. In the result and discussion
section, the results obtained through simulation are
scientifically proved, and it is divided into four parts:
Optimal texture, planar and textured bifacial solar cells,
and the effect of diffuse light.

2. MATERIALS AND METHODS
2.1 Device Simulation Procedure

Four tools of the Sentaurus TCAD program were used
to study the bifacial solar cell [26]: Sentaurus Device,
Sentaurus Structure Editor, Sentaurus Visual or
Sentaurus Workbench.

In the Sentaurus Structure Editor, take the bifacial
solar cell shown in Fig. 1 and create a geometric model of
the system for making the same illumination for both
sides. To create a geometric model in Sentaurus
Structure Editor, code is written in Tool Command
Language (TCL). Took the sun cell and used the loop
operator to create the textures on the both sides. To
provide the same intensity of light to the front and rear
sides, a silver reflector with an angle 900 was installed
on the bottom of the solar cell. A rectangular silver
reflector has a hypotenuse of 2L and a height of L. L is
the width of the solar cell. The light falling on the open
surface of width L is directed perpendicularly to the rear
side of the solar cell with the help of a silver reflector.

Direct AM1.5 and diffusion AM1.5 spectrum were chosen
as the light source. To passivate the front and rear sides of
the solar cell and reduce the reflection coefficient, both side is
covered with 100 nm thick SiOs. The thickness of the emitter
and base regions is 1 pm and 18.35 um, respectively. Its
width is 20 um. Phosphorus atoms with 1 E17cm-3 and
Boron atoms with 1 E15 cm—3 are doped to emitter and base
regions, respectively. 200 nm thick highly doped n++
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(1 E18 cm~3) on the top of the emitter and p** (1 E16 cm—3)
layers on the bottom of the base were formed to ensure good
transport of electrons and holes to the contacts. Textures
were created on the front and rear sides at the same time.
The width of the textures is 1 pm and it was not changed
during the study. Texture height is changed from 0.1 pm to
1.9 um in 0.1 pm increments to change the texture-based
angle. Also, the case where the height of the texture is 0 um
was considered as a planar solar cell. The system was
meshed in 2 different sizes in order to increase the
calculation efficiency and achieve convergence. First, all
regions were meshed with the same 0.5 um size in the x and
y directions. The p-n junction, contact, and highly doped
areas were meshed in the x and y directions at a finer size of
0.05 um and 0.01 pm, respectively.

Wy W,

\\*900

Fig. 1 — A geometric model designed to illuminate the front and
rear sides of a textured solar cell

The necessary physical parameters of the materials
used in simulation in Sentaurus Device were given. As
silver is ideal, its reflection coefficient is taken as 1.
Through this, the rear and front areas of the solar cell
were illuminated with the same intensity of light. In this
work, the solar cell was illuminated in 3 different
positions: front, rear and both sides. For this, 2 virtual
light windows w1l and w2 were created on Sentaurus
Device (Fig. 1). Light was cast onto window w2 for front
illumination only, and window w1 for backlight
illumination only. For equal illumination of the front and
back, wl and w2 were illuminated at the same time.

2.2 Theoretical Background of Device Simulation

From a theoretical point of view, simulation of solar
cells can be divided into 2 phases: optical and electrical.
Transfer Matrix Method [27], Beam Propogation [28] va
Ray Tracing [29] methods are widely used for Optical
Simulation. In this study, the Ray Tracing method was
used to determine the optical properties of the solar cell.
Because the refraction of light between the textures and
the refraction of the light from the silver reflectors and
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falling on the rear of the solar cell can be taken into
account in the Ray Tracing method. The optical boundary
conditions between the solar cell and the air are
determined using Fresnel coefficients given in Eq. 1 [30].

_ nycos f-n,cosy
_nlcosﬂ+n2cosy
. 2n, cos B
" n,cosB+n,cosy

@

. n, COS ¥ - Ny, COS 3
P n, cosy+n,cosf
2n, cos B

p =— AT E
n, cos f+n, cosy

P

Here: r: go t: Fresnel coefficients for a transversely
polarized electromagnetic wave, rp go tp Fresnel coefficients
for a parallel polarized electromagnetic wave, S is the
angle of incidence of the light beam.

As an optical boundary condition between air and the
silver reflector, the reflection coefficient was set to 100%.
In this case, absorption and transmission of light in the
reflector was prevented.

Light is absorbed when it passes through a solar cell.
In Ray Tracing, 50.000 rays were fall on the solar cell.
When each ray passes through the solar cell, its energy is
reduced, that is, part of the energy is absorbed by the solar
cell. The absorbed part of the energy is calculated by
Burger Lambert's law. The number of photons in the beam
can be determined by dividing the energy of the beam by
the energy of the photon in the corresponding spectrum.
Not all absorbed photons form electron-hole pairs. The
energy of each photon is checked using the quantum yield
function. If the photon energy is greater than the band
gap, it is absorbed and forms an electron-hole pair. The
resulting excitons are separated due to the internal electric
field created by the p-n junction. That is, electrons and
holes are affected by the internal electric field in different
directions. The internal electric field and potential
generated in the solar cell are calculated using Poisson's
equation given in Eq. 2 [31].

A¢=—g(p—n—ND+NA) )

Here: ¢ is the dielectric constant, n and p are the con-
centration of electrons and holes, Np and Na -
concentration of donor and acceptors, ¢ - electron charge.

Electrons and holes also move due to the concentration
difference, and this is called diffusion movement. The
transport of electrons and holes caused by the difference in
concentrations and internal electric field is calculated
using drift-diffusion model given in Eq. 3 [32].

J, =u,(nWE,-1.5nkTVInm,)+D,(Vn-nViny,)

J, =u,(pVEy, +1.5pkTVInm,)-D, (Vp-pViny,)

Here: i and <, are current density generated by
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electrons and holes, m» and m, are effective mass of electrons
and holes, g» and y, are quantities determined using the
Fermi function, D» and D, are electron and hole diffusion
coefficient, xm and gp mobility of electrons and holes.

This research mainly researched silicon-based solar
cell. A silicon-based solar cell has a large proportion of
Shockley-Read-Hall (SRH) and Auger recombination. The
portion of radiative recombination is almost less than 1%.
Because silicon has the indirect band structure. Therefore,
only SRH and Auger recombination in silicon were
considered in the model. SRH recombination occurs due to
defects, and its rate mainly depends on the doping
concentrations and defects. SRH is calculated for cases
with 1-level, 2-level and n-level defects. In the simplest
case, it was calculated using Eq. 4 for level 1 [33].

RSEH _ np - 7n7pni2,eff
net z'p(n+ynn1)+rn(p+;/ppl)

4)

Here: n — concentration of electrons, p — concentration
of holes, gn, ¢p — coefficients, tx, tp — lifetime of electrons and
holes, n1, p1 — concentration of electrons and holes in an
energy level caused by a defect.

Auger recombination mainly depends on the
concentration of charge carriers. There is a big difference
in the concentration of charge carriers formed in a solar
cell when only one side is illuminated and when both sides
are illuminated. When both sides are illuminated, the
concentration of charge carriers increases, which means
that the rate of Auger recombination also increases.
Therefore, Auger recombination can play a key role in
changing the parameters of the solar cell. Eq. 5 was used
to calculate Auger recombination [34].

R4, =(C,n+C,p) (”P - niz,eff) ®)

Here: n — concentration of electrons, p — concentration
of holes, Cn, Cp — Auger coefficients. nies — effective
specific charge carrier concentration.

Charge carriers are accumulated in the contacts and
create a potential difference. The potential between the
metal contact and silicon was calculated using the ohm-ic
boundary condition given in Eq. 6.
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Here: nief — concentration of effective intrinsic charge
carriers, ¢r is the Fermi potential at the contact.

3. RESULT AND DISCUSSION
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3.1 Optimal Texture

There are 2 optimal ways to reduce the reflection co-
efficient of a solar cell: coating with anti-reflection layers
and creating textures on the surface. In this work, 100 nm
thick SiOg is created on the front and rear surfaces of a
silicon-based solar cell based on literature analysis [35].
The width of the texture on the front and rear surfaces was
kept unchanged at 1 pm, and only the height was changed
from 0.1 pm to 1.9 pm. Fig. 2 shows the dependence of the
short-circuit current of a bifacial solar cell on the height of
the pyramid. When both sides of the solar cell are equally
illuminated, when the height of the pyramid changes from
0.1pum to 0.5 um, the short-circuit current is sharply
increased to 6.75 mA/cm?, between 0.5 — 0.8 um height is a
little increased to 0.97 mA/cm? and between 0.8 — 1.9 pm
height is decreased to 2.78 mA/cm2. When only front side is
illuminated, the short-circuit current is increased to
0.43 mA/cm? in the height range of 0.1 — 0.3 um?, increased
to 4.76 mA/cm? in the range of 0.3 — 0.5 um2, increased to
0.49 mA/cm? in the range of 0.5—-0.8um and almost
decreased linearly to 1.37 mA/cm2? in the range of
0.8—1.9um. The reason for the short-circuit current
changing at different rate in different intervals of the
texture height is the increase in the number of refractions
of the light in the intervals of the pyramid. When only the
rear surface is illuminated, unlike when the front and both
sides are illuminated, it was found that there are 2
extremums in the dependence function of the short-circuit
current on the height of the pyramid. That is, the short-
circuit current is increased to 0.8 mA/cm? in the pyramid
height of 0.1 —0.2 um, decreased to 0.61 mA/cm?2 in the
range of 0.2 — 0.4 um, also again increased to 1.69 mA/cm?
in the height range of 0.4 — 0.8 um, and as in the front and
both sides illuminated case it is de-creased linearly to
0.31 mA/cm? in the range of 0.8 — 1.9 um.

34 64
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5 28 60 o
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=
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20 54

05, . 1 15
Height of pyramid, pm

Fig. 2 — Dependence of the short-circuit current on the height of
the pyramid of the solar cell with the front and rear sides
textured under front, rear and both side illumination

Fig. 2 shows the short-circuit current as a function of
the height of the pyramid, in all illumination conditions
which is front, rear and both sides, the short-circuit
current reached a maximum value at 0.8 um of the
texture height, and they were 32.54 mA/cm?2,
29.64 mA/cm?2, 62.18 mA/ecm2, respectively. In Guan’s
study [36], it was found that the short-circuit current of a
double-sided textured silicon-based solar cell with front
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side illumination is 37.71 mA/cm2. When the height of the
texture increases, the photon absorption depth decreases,
which causes the solar cell to reduce the reflection
coefficient and absorb more photons in the volume.
Therefore, the short-circuit current increased when the
height of the texture increased. A texture height of 0.8 pm
can be considered as a critical value for equalization of
absorption  coefficient and surface recombination
depending on the texture height. Fig. 3 shows the
dependence of the solar cell open circuit voltage on the
texture height in the front, rear and both sides illuminated
cases. When the rear and both sides were illuminated, the
open circuit voltage changed almost the same, that is, it
decreased by leaps and bounds. But only in the front-lit
state, the open circuit voltage reached its maximum value
at the value of 0.4 um of the height.

The open circuit voltage mainly depends on the p-n
and material properties, so when the height of the
texture increases, the open circuit voltage changes almost
by a small amount. When increasing the concentration of
charge carriers, the bandgap of silicon narrows, so the
open circuit voltage is also reduced. Fig. 4 depicts the
dependence of the fill factor on the texture height in
front, back, and side-illuminated conditions of a silicon-
based solar cell.
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Fig. 3 — Dependence of the open circuit voltage on the height of
the pyramid of the textured solar cell under front, rear and both
side illumination

The fill factor also decreased as a function of texture
height for all three cases. As the texture height increases,
the active surface of the solar cell increases. This causes
an increase in the amount of surface recombination. The
fill factor is reduced as the texture height increases, as it
reflects the quality of the surface.
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£0,78
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Fig. 4 — The dependence of the fill factor on the height of the pyramid
of textured solar cell under front, rear and both side illumination
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To evaluate the overall quality of the solar cell, the fill
factor is mainly used. Fig. 5 shows the dependence of the
solar cell efficiency on the texture height. If we consider
the light intensity as a constant value, the efficiency
depends only on the current density and voltage. Since
the rate of change of the open circuit voltage (Fig. 3)
depending on the height of the texture is lower than that
of the short circuit (Fig. 2), the function of the efficiency
depending on the height of the texture is qualitatively
similar to that of the short circuit. From the point of view
of the efficiency, the optimal height of the texture was
determined to be 0.8 um. Considering that we take the
texture as an equilateral triangle with a 2D cross-section
and a fixed base of 1 um, the base angle of the optimal
texture is 580. In our previous studies, the optimal value
of the base angle of the texture formed on the surface of a
standard silicon-based solar cell was 70.40 [37]. In
Mrazkova’s study [38], it was determined that the
optimal angle of the base of the texture is 70.590. In the
previous study, a simple one-sided sensitive solar cell was
studied, in this study, SiO2 coated bifacial solar cell was
investigated. So, SiO2 affected the optimal value of the
texture. Baker-Finch's [39], the base angle of the (111)
silicon-based solar cell when the surface is treated with
acid, it was deter-mined that the textures are formed
with 50 — 520 angles. So, structure which we proposed
can be created in the experiment.

22 —a— Front
215 —— Rear

—e— Both

fficiency, %

0 0,5 1 15 2
Height of pyramid, pm

Fig. 5 — Dependence of the efficiency on the height of the pyramid of
the textured solar cell under front, rear and both side illumination

3.2 Bifacial Solar Cell with Planar and Optimal
Texture

In this section, the photoelectric parameters of the
optimally textured and planar solar cell are compared in
front, back, and double-side illumination conditions. Fig. 6
shows the I-V characteristics of the front-, back-, and both
side-illuminated planar (a) and optimally textured solar
cells. In almost all cases, the quality of the functional
curvature of the I-V characteristics is the same. The quality
of the curve of the I-V characteristic is mainly affected by
the series resistance and the parallel resistance. So, the
series and parallel resistances did not change significantly
when light fall on the front, rear and both sides.

A solar cell can be compared qualitatively based on the
1-V characteristic, but not quantitatively. Therefore, using
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the I-V characteristics depicted in Fig. 6, the photoelectric
parameters listed in Table 1 were determined. The open
circuit voltage of the planar and textured solar cell
changed by almost the same amount under different
illumination conditions. The fill factor also decreased for
the planar and textured solar cell in the order of front,
back, and both side illumination conditions. However, the
fill factor of the planar solar cell was higher in all lighting
conditions. Because the solar cell is textured, its active
surface increases, so surface recombination increases.
Since the fill factor indicates the quality of the surface, it is
negatively affected by the increase in surface
recombination. The highest fill factor of 79.96% was
achieved by the planar solar cell un-der rear side
illumination. Because the input atom concentration in the
emitter region and the base region is 100 times different.
Surface recombination is also a type of Shockley-Read-Hall
(SRH) recombination that depends on the input
concentration. Therefore, the activity of the front surface
where the emitter is located, that is, the amount of surface
recombination, is higher than the rear surface.

W W s b
o o1 O o O

Current density, mA/cm?
P = NN
o o1 O O

a1

o

0 0,1 0,2 0,3 0,4 0,5
Voltage, V

a

D
o

B g
o O

Current density, mA/cm?

0 01 0,2 0,3 04 0,5
Voltage, V

b

Fig. 6 —1-V characteristics of a planar (a), and optimally textured
(b) solar cell under front, rear and both sides illumination
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Table 1 — Photoelectric parameters of planar and optimally textured solar cells under front, rear and both side illumination conditions

Front Rear Both
Planar Texture Planar Texture Planar Texture
Jsc, mA/cm? 25.73 32.54 23.38 29.64 49.06 62.18

Uoc, V 0.528 0.528 0.522 0.522 0.546 0.546

FF, % 79.55 78.44 79.96 78.78 79.83 79.05

7, % 17.07 21.29 15.42 19.26 16.89 21.20

When rear side is illuminated, the main charge MAAAAAAAAAAAAAAAAA/S

carriers are formed in the area near the rear surface, and MYV W
when front-illuminated, they are mainly formed in the '
areas near the emitter. Therefore, the probability of
recombination of electron holes due to surface
recombination during rear side illumination is lower than
in the case of front side illumination. Therefore, the rear
side illuminated planar solar cell had the highest fill
factor, and the front-illuminated textured solar cell
achieved the lowest fill factor of 78.44%. The highest
efficiency was 21.29% for the textured solar cell under
front side illumination and the lowest efficiency was IAAAAAAAAAAAAAMALL  INAAAAAAAAAAAAAAAAAA_
15.42% for the planar solar cell under rear side AV AV A AV AV AV YAV AV AV AN B AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
illumination. The efficiency of the textured solar cell e S S S
under front and rear side illumination is 21.29% and
19.26%. Ohtsuka's [40], it was determined that the a b
efficiency of silicon solar cell under front and rear side
illumination was equal to 21.3% and 19.8%. VNNV Y

Naturally, the short-circuit current of both solar cells
increased in the order of rear, front, and side illumination.
The double-side illuminated textured solar cell has reached
a maximum of 62.18 mA/ecm? short circuit current. Fig. 7
shows the distribution of absorbed photons in an optimally
textured solar cell with front (a), rear (b) and both sides (c)
illumination. During front illumination, photons were
mainly absorbed in the area near the p-n junction area, and
in the rear area, photons were absorbed mainly in the area
near the rear surface. Also, the maximum value of the
concentration of absorbed photons is 9.17 E21 cm~3 when
the front side is illuminated and 3.37 E21 cm~3 when back
side is illuminated.

Due to this, depending on the type and concentration of
the input atom, the width of the bandgap of silicon narrows.
According to the Jain Roulston model, band gap of the
emitter region is smaller than that of the base. In
simulation according to the quantum yield function, only
photons whose energy is greater than the energy of the
bandgap is absorbed in silicon. Decreasing the band gap
causes more photons to be absorbed. Therefore, the short-
circuit from front-side illumination was higher than that
from rear-side illumination. When both sides are
illuminated, the maximum absorbed photon concentration is
1.46 E22 cm—3. Because the flow of photons emitted from
the front side also reaches the rear side of the solar cell, and
the flow of photons emitted from the rear side also reaches
the front side. That is, in the concentration of photons
absorbed in the front, there is a contribution of the flow of
photons emitted from the front and rear, as well as in the
distribution of absorbed photons in the rear.

A ATAY AT AN A AV A AV AVAVAVAY AN
WVVVVVVVVYVYVVVWVYVWAL

0.000e+00

1.5410+15 4.7460+18 1.4620+22

¢

Fig. 7 — Distribution of absorbed photons in a pyramidal
textured solar cell with 0.8 um high and 1 um wide under front
(a), rear (b) and both (c) side illumination

Fig. 8 shows the 1D Y-axis distribution of absorbed
photons planar and textured solar cell under a front,
back, and both side illumination. Because, in the model,
light falls on the solar cells along the Y-axis. In a planar
solar cell, the distribution of absorbed photons is linearly
exponential in all cases. But the non-linear exponential
in the textured solar cell. Because when the light falls
perpendicular to the surface of the planar solar cell, it
crosses the solar cell along the Y-axis and is absorbed
along the way. In a textured solar cell, light refracts and
changes direction several times as it hits the texture. In
almost all cases, the distribution of absorbed photons in
the textured solar cell was higher than that of the planar
solar cell, so the short-circuit current of the textured
solar cell was also higher than that of the planar one.
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Fig. 8 — 1D distribution of absorbed photons along Y-axis in
planar and optimal pyramidal textured solar cells under front
(a), rear (b) and both (c) side illumination conditions

Only in areas with low concentration of photon ab-
sorption, the absorption in the planar solar cell was higher.
But since its share in the total concentration of absorbed
photons is very small, it has almost no effect on the short-

05025-7

LS UNDER VARIOUS...

J. NANO- ELECTRON. PHYS. 16, 05025 (2024)

circuit current. Electron-hole pairs formed in the solar cell
are separated due to the strengthening of the internal
electric field and move towards the contacts. Fig. 9 depicts
the internal electric field strength in a planar and textured
solar cell illuminated on both sides as a function of the
Y-axis. In a textured solar cell, the electric field strength
penetrates deeper into the core area. This increases the
probability of separation of the electron-hole pair formed in
the base and reaching the contact. This is another proof that
the short-circuit current of the textured solar cell is higher
than that of the planar one.
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Fig. 9 — Electric field strength distribution of planar
optimally textured solar cell under both side illuminations

Due to the internal electric field, a part of the
separated electrons and holes are recombined during
their movement towards the contacts. Since silicon is a
indirect semiconductor, the percentage of radioactive re-
combination in it is less than 1%. Therefore, only SRH
and Auger recombination are considered in the
imulation. Since SRH recombination is mainly caused by

fects, it is directly dependent on the input
cofNcentration. Increasing the concentration of charge
carers affects Auger recombination. Therefore, the
distripution of SRH recombination is not given in this
work.\ Fig.10 shows the distribution of Auger
recombipation along the Y-axis in a planar and textured
solar cel\with front, back, and both sides illuminated. It
was found\that the amount of Auger recombination in the
base region\of the planar solar cell in front and both sides
is illuminated is higher than that of the textured solar
cell. Auger Yecombination directly depends on the
concentration of charge carriers, and according to Fig. 8,
the amount of photons absorbed in the base is small in
the textured solar cell, so the amount of Auger
recombination is al§o small in the base.
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3.3 Effect of Diffuse Light

In real conditions, direct light falls on the front side of
the sun and diffuse light on the rear side. In addition, on

J. NANO- ELECTRON. PHYS. 16, 05025 (2024)

cloudy days, only diffuse light falls on the front and rear
sides of the solar cell. Therefore, in this section, the effect
of diffuse light on the properties of the solar cell was
studied. Fig. 10 shows the AM1.5 spectrum of direct and
diffuse light. The intensity of diffuse light is almost 11
times smaller than the intensity of direct light. Because
diffuse light is mainly caused by the scattering of sunlight
in air molecules and its return from the earth's surface.
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Fig. 11 — Direct and diffuse AM1.5 light spectrum

Fig. 12 shows the I-V characteristics of a planar and
optimally textured solar cell under diffuse illumination. I-V
characteristics in the both side illuminated with diffusion
light can be considered the I-V characteristics of a planar and
textured solar cell on a cloudy day. The I-V characteristics of
planar and textured solar cells under diffuse and direct light
(Fig. 12) are qualitatively almost the same.
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Fig. 12 — I-V characteristics of optimally textured (a) and planar
(b) solar cells under front, rear and both side illumination
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In order to compare the solar cells quantitively under
different radiation, it is necessary to determine their
photoelectric parameters. Table 2 lists the photoelectric
parameters of the planar and textured solar cells
determined using the I-V characteristics in Fig. 2. The
dependence of the maximum and minimum values of the
photoelectric parameters on the type of solar cell and the
method of illumination is the same as in the case of direct
light illumination. The short-circuit cur-rent of the
planar solar cell illuminated by diffuse light is 11.29,
11.35, and 11.30 times lower when illuminated from the
rear and both sides, respectively, than when illuminated
by direct light. The short circuit current of the textured
solar cell was 11.30, 11.31 and 11.33 times less. The open
circuit voltage of the planar solar cell was 1.14 times
lower and that of the textured solar cell 1.16 times lower
in almost all lighting conditions. The short-circuit current
varies almost linearly with the light intensity, but the
open circuit voltage does not. Because the short-circuit
current mainly depends on the concentration of absorbed
photons in the solar cell, while the open circuit voltage
depends on the material properties. When the solar cell is
illuminated, its resistance changes. So, the relative
resistance of silicon in a solar cell directly depends on the
light intensity. When the light intensity increases, the
relative resistance decreases. When the illumination is
changed from direct light to diffuse light, the resistivity

J. NANO- ELECTRON. PHYS. 16, 05025 (2024)

of the silicon in the solar cell increases, causing the total
internal resistance of the solar cell to increase. Therefore,
the open circuit voltage is reduced. The fill factor de-
creased by an average of 1.65% in the planar solar cell
and by an average of 3.48% in the textured solar cell. The
fill factor is a quantity strongly related to surface
recombination and the concentration of absorbed pho-
tons. Since the active surface of a textured solar cell is
larger than that of a planar solar cell, the amount of
surface recombination is proportional to the surface area.
Therefore, the fill factor of the textured solar cell is 2%
lower than that of the planar solar cell. The efficiency of
the planar solar cell when illuminated with diffuse light
was 1.29 times lower than when illuminated with direct
light in all illumination conditions. The efficiency of the
textured solar cell was 1.34 times lower. Even in this
case, the reduction of the efficiency in the textured solar
cell to a larger value can be explained by the difference
between the surface recombination. The last two columns
of Table 2 can be taken as the photoelectric parameters of
the planar and textured bifacial solar cell on a cloudy
day. The short-circuit current in the case where both
sides were illuminated by diffusion light was 1.9 times
higher than the short-circuit current in the case where
only the front was illuminated. In Pal's [41] work, it was
found that the output power of a bifacial solar cell is 20.1-
68.1% higher than that of a traditional solar cell.

Table 2 — Photoelectric parameters of planar and optimally textured solar cells under front, rear and both sides diffused light

illumination
Front Rear Both
Planar Texture Planar Texture Planar Texture
Jsc, mA/em? 2.28 2.88 2.06 2.62 4.34 5.49
Uoc, V 0.462 0.456 0.456 0.456 0.48 0.474
FF, % 77.78 75.07 78.16 74.35 78.21 76.41
n, % 13.22 15.88 11.86 14.29 13.14 16.03

Using the photoelectric parameters obtained for
diffuse and direct light illumination, it is possible to
determine the characteristics of a bifacial solar cell on a
sunny day. As a sunny day, it can be considered that the
two-way sensitive solar cell is receiving diffused light on
the front side and diffused light on the rear side. It was
found that the short-circuit current in the state of
illumination of both sides is equal to the sum of the short-
circuit current in the state of illumination of the front
and rear sides. Therefore, the short-circuit current of a
bifacial solar cell on a sunny day can be obtained as the
sum of the short-circuit currents when the front side is
illuminated by direct light and the rear side is
illuminated by diffuse light.

4. CONCLUSION

In this paper, a bifacial solar cell was investigated.
The front and rear sides of the bifacial solar cell are
covered with the same size textures. The optimal value of
the angle of base of textures is 580. The effect of
diffusion and direct light on a planar and optimally

textured solar cell was studied.

According to the obtained results, the highest
efficiency belongs to the optimally textured solar cell with
frontal illumination only. Studying the effect of direct
and diffuse light on planar and optimally textured solar
cells made it possible to theoretically describe a bifacial
solar cell in cloudy and sunny conditions. The optimally
textured bifacial solar cell produces almost 1.9 times
more current than the single-sided sensitive solar cell on
a cloudy day and 1.08 times more current on a sunny day.

During this restriction, it was assumed that the
influence of the optical layer on the optimal angle of the
texture. In further research, it is desirable to study the
effect of different optical materials on the properties of
the textured bifacial solar cell.
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TexcTrypoBaHi IBOCTOPOHHI KPpEeMHI€Bi COHAYHI €JIeMeHTH 3a Pi3HUX YMOB OCBITJIEHHA

R. Alievl, M. Komilovl, N. Mirzaalimov?!, A. Mirzaalimov2, S. Alive3, I. Gulomoval, J. Gulomov2

L Andijan State University, 170100 Andijan, Uzbekistan
2 Andijan State Pedagogical Institute, 170100 Andijan, Uzbekistan
3 Andijan Machine Building Institute, 170100 Andijan, Uzbekistan

VY coHsTUHMIT IeHB [TePeHS CTOPOHA JIBOCTOPOHHIX COHSYHUX €JIEMEHTIB OCBITJIIOETHCS IIPSIMUM, & 3aJIHSI CTOPOHA —
poscisanM cBiTioM. ToMy BayKJIMBO BUBYMTH BILINMB AU(y3il Ta IPAMOTO CBITJIA HA TBOCTOPOHHIN COHAYHUN €JIEMEHT.
V 1poMy JOCITIIpKEHH] IIJIAX0M MOIETIOBAHHSA 0yJI0 BUSHAYEHO BILIMB PO3CIAHOIO Ta IIPAMOIO CBITJIA TA TEMIIEPATYPH
HA TEKCTYPOBAHMUIA IBOCTOPOHHIN COHIYHUN €JIEMEHT. BiIoBITHO /10 OTPUMAHUX Pe3yJIbTaTiB, ONTHMAJIbHE 3HAYEHHST
KyTa 0asucy TEeKCTypH IS JIBOCTOPOHHBOI KpPEeMHIEBOI COHAYHOI Garapel craHoBuTh 580. Y HOXMypHil JI€Hb, IIPH
PO3CISTHOMY OCBITJIEHH] 3 000X CTOPIH, TLIOITUHHI Ta OITUMAJIFHO TEKCTYPOBaHI coHsTuHi 6arapei marors KKJT 13,14 % 1
16,03 % 1 crpym Koporkoro 3amukauHHs 4,34 MA/cm2 1 5,49 mA/em2 CTpyM KOPOTKOIO 3aMHKAHHS CTAHOBUTD
2,28 mA/cm? 1 2,88 MA/cM2, KOJIM PO3CISTHUAM CBITJIOM OCBITJIEHA JIMIITE JIMITHOBA CTOPOHA. Y COHSYHUM JIeHb, KOJIH IIpsMe
CBITJIO T18/1a€ HA JIMIIHOBY CTOPOHY, a PO3CisSHE — HA THUJIBHY, CTPYM KOPOTKOI'O 3aMUKAHHS IUIAHAPHOL Ta OIITUMAJIEHO
TEKCTYPOBAHOI COHAYHOI Oarapei cramoButh 27,79 MA/cm? 1 35,16 MmA/cm? Bimmosigeo. CTpyM KOPOTKOIO 3aMHKAHHS
cTaHoBUTH 25,73 MA/cMm? 1 32,65 MA/cM2, KOJIM IIPAMMM CBITJIOM OCBITJIEHA JIMIIIE JIMITHOBA CTOPOHA.

Kmiouosi cnosa: Kpemuiesnii conssunnii exxement, Texerypa, udysne csitio, [Ipame csitiio.
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