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ABSTRACT

The goal of this research is to analyse conversion efficiency (CE) of proposed copper indium gallium
di-selenide (CIGS) thin film solar cell (TFSC) by incorporating perovskite along with CIGS. The
performance enhancement is done by introducing a back surface field (BSF) and employing
molybdenum (Mo) as a back contact. The possible effects on photovoltaic constraints of the
perovskite/CIGS TFSC along with BSF have been examined by SCAPS-1D. The proposed
(BaSi2/CIGS/Cs2AgBiBrs/TiO2/FTO/Mo/ Substrate) perovskite/CIGS thin film solar cell shows CE
of 28.94 %. The parameters of thin film solar cell were varied for achieve optimized value which will
lead to increase in efficiency. The optimized values of perovskite/CIGS TFSC were obtained that is
CIGS thickness of 0.9 pm and BSF of 0.5 pm. In addition to this TFSC has been explored in terms of

acceptor density, defect density and temperature of the device.
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1 Introduction

In perovskite/CIGS thin film solar cell (TFSC) due to their simple manufacturing process and adaptability
in properties, it grabbed high attention in the photovoltaic network. As a result, 2018 saw a sharp increase
in its conversion efficiency (CE) of about 23% [1]. The perovskite/CIGS solar cell is basically tuned via
composition and interface engineering [2]. The researchers have combined the CIGS device with perovskite
and as the result, the extended bandgap results in a PCE of more than 30% [3].

CIGS solar cell achieves better performance when paired with a perovskite top cell, which has wider
bandgap [4]. The thickness of CIGS layer is lowered due to its direct bandgap which enables energy
utilization, allowing the foremost CIGS single-junction solar cell device to attain a CE of 23% [5]. The
combination of perovskite and CIGS results in low-cost, high-performance thin-film tandem technology
[6]. Moreover, the perovskite, as well as chalcogenide combinations, it can be modified by examine the
optimal band-gap to enable a tandem structure. The perovskite self-dependent top model is automatically
stacked on CIGS bottom model, making it a tandem solar cell with a four-terminal format [7]. The recent
increase in CE of the tandem solar cells can be attributed as improvement in overall performance of
perovskite/CIGS cells. It is achieved by fabrication of each sub cell separately using a less absorbent pen
design, that demonstrated PCE as high as 22.1% [8]. The recent history for a 4-terminal configuration of
23.9% was announced which was made possible by expanding band gap of perovskite solar cells to 1.62 eV
8], [9].

The manufacturing of a perovskite/CIGS, on the other hand, has proven to be extremely difficult, with
only a few reviews possible thus far [10]. A possible contributor is the unusual difficulty of the CIGS is its
structure and shape [11]. Depending on the details of the processing, the typical lateral characteristic sizes
of a CIGS layer are on the order of 500 nm to 1 um, and the average floor root-mean-rectangular (s)

roughness is in the range of 50-200 nm [12]. As a result, the most common and efficient method of
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perovskite production till now is the solution deposition of a perovskite top cellular [13] and it is very thin
selective contacts which is impossible unless there is a significant possibility of shuffling the leading cell in
tandem solar cell. With thicker PEDOT: PSS hole-particular layer in the upper and lower cells, the primary
monolithic perovskite/CIGS tandem device proposed has CE of 11%. It's possible that the solar cell's
performance would have been damaged by the PEDOT: PSS/perovskite interface [14], even though a
much wider PEDOT: PSS layer protects the upper cell from being shunted. However, new methods are
being implemented of, producing the lower cells that are competitive with monolithic tandem cells and are
required to produce a green monolithic tool [15].

CIGS is known for its high efficiency, flexibility, and potential for low-cost production.

CIGS solar cell has achieved highest CE. Efficiency levels above 20% have been achieved in laboratory
settings, and commercial modules typically achieve efficiencies between 15% and 20%. This makes CIGS
competitive with traditional silicon-based solar cells.

Copper indium di-selenide was fabricated by spin-coating electrode deposition, which resulted in a more
uniform manner. Recently, a new method was presented, similar to that employed in perovskite tandem
solar cells and silicon devices, in which the topmost surface of the interconnecting layers atop the CIGS
backside cells was polished to decrease roughness. [16] This allows for loss-free spin coating of solar cells
and ultra-thin contact layers, which would otherwise be lost due to the roughness of the floor. Because of
this, a new PCE of 22.4% was achieved [17]. However, due to the need for a very thick interconnecting
layer that creates loss due to parasitic absorption, this additional polishing process may not be suitable for
industrial application. Bringing the rough surface of the gadget to the top may also have a positive light
trapping effect [18].

Cs2AgBiBrs, belongs to the perovskite crystal structure family. It has a cubic crystal structure, with the
caesium (Cs), silver (Ag), bismuth (Bi), and bromine (Br) atoms arranged in a specific pattern. The
perovskite structure is known for its excellent optoelectronic properties and has been extensively studied
for various applications.

Cs2AgBiBrs exhibits a direct bandgap, which means that it can efficiently absorb and emit light. This
property makes it suitable for optoelectronic applications, including solar cells and LEDs, where the
absorption and emission of light are crucial for device performance.

This work simulates the perovskite/CIGS solar cell using SCAPS-1D tools. For this optimization, we use
CIGS as first absorber layer followed by Cs2AgBiBrg as second absorber layer with a back surface layer of
BaSi». The effect CIGS layer of the band gap, thickness, acceptor density, defect density, and temperature
on optoelectronic parameters such as open-circuit voltage (Voc), fill factor (FF), photogenerated current
density (Jsc), and CE has been examined. After simulation optimized thickness of CIGS absorber layer and
BaSi» as BSF layer obtained as 0.9 um and 0.5 pm, respectively, while keeping other parameters constant.
The band gap of CIGS and BaSi; are 1.1 eV and 1.3 eV, respectively. Acceptor density of CIGS absorber
layer is 1018, defect density of CIGS absorber layer is 10'* and optimum temperature of device is 300 K.
while keeping the other parameters are constant. After simulation with back surface layer, the efficiency
achieved is 28.96% with other factors such as Voc of 0.85 V, Jsc of 42.15 mA/cm?, and FF of 80.57%.

2  Materials and Methods

SCAPS 1-D is a unidirectional solar cell simulation application. So many profiles like formation,
recombination, and defect or other parameters of device can be calculated. The SCAPS-1D software helps
us to evaluate the numerical uni-directional equations that have an impact on the conduction of charge
carriers of semiconductor materials when they are in a stable state. SCAPS allows users to define various

parameters related to the solar cell, such as doping concentrations, layer thicknesses, material properties,
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and device geometry. These parameters can be adjusted to model different device configurations and

optimize performance of solar cell.
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Figure 1: (@) Simplified formation of Proposed cell (b) energy band diagram

Fig. 1(a) shows the perovskite /CIGS TFSC proposed structure. It consists of a fluorine-doped tin oxide
window layer, BaSi» which is a back surface field, CIGS and Cs2AgBiBrs as an absorber layer. The

parameters and their values that are used for simulation are given in Table 1. Energy band diagram of

optimize perovskite/CIGS TFSC is shown Fig. 1(b). By energy band diagram it is clearly observed that is
CIGS bandgap of 1.1 eV and thickness 0.9 pm with back surface layer bandgap of 1.3 ¢V and thickness 0.5

um is taken. Near zero valence band offset VBO of absorber interface is observed therefore generated

holes from the absorber layer to electrode can travel smoothly.

Table 1: Parameters of proposed cell layer

Parameter (unit) BaSi: CIGS Cs2AgBIiBrs | TiO: FTO
Thickness (um) 0.5 0.9 1 0.05 0.5
Bandgap (eV) 1.3 11 2.05 3.26 3.2
Electron affinity (eV) 3.3 4.2 4.19 4.2 4.4
Conduction Band effective Density of state (cm™) | 2.6x101° | 2.2x10%® 2.2x10'8 2.0x10Y7 1.8x10%°
Dielectric permittivity (relative) 11.17 13.6 5.80 9 9
Valence Band effective density of state (cm™) 2x10%° 1.8x10%° 1.8x10%8 1.5x10%° 2.2x10'8
Hole thermal velocity (cm/s) 1x107 1x107 1x107 1x107 1x107
Electron thermal velocity (cm/s) 1x107 1x107 1x107 1x107 1x107
Hole mobility (cm?/V s) 100 25 10 25 10
Electron mobility (cm?/V s) 820 100 20 100 20
Acceptor density, Na (cm™) 1x10'° 1x10'® 0 - 1x10%
Donor density, Np (cm) 0 0 1x10%° 1x10%° 0

Defect density (cm) 1x10%° 1x10% - 1x10% 1x10%
Defect type SD SD - Neutral SD
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3  Results and Discussion

In this paper, characteristics of Perovskite/CIGS solar cell ate thoroughly investigated using SCAPS-1D.
Result also illuminates the effect of the back surface field (BaSi») as it improves the electrical characteristics
by reducing the recombination as well as more electron-hole pair generation. The consequence of varying
thickness, acceptor density, defect density, and temperature of CIGS and back surface layer has been
discussed. Also, the shunt and series resistance of solar cell were pre-assumed to be sure zero and
enormously large, which reflect the ideal solar cell condition. Electron and hole thermal velocities are 107
cm/s. Surface recombination velocity (SVR) of hole and electron at back and front contact grid are constant

to be 107 cm/s. Molybdenum (Mo) having work function 5 eV is used as back contact metal.
3.1 Effects of CIGS absorption layer thickness

Thickness of CIGS layer directly affects amount of light that can be absorbed by the solar cell. A thicker
absorption layer allows for a higher probability of light absorption, as more photons have a chance to

interact with the material. This can result in increased Jsc and overall CE.
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Figure 2: Impact of CIGS thickness variation on (a) Voc and Jsc (b) FF and efficiency.

Fig. 2 shows effect of varying thickness of CIGS layer of thin film solar cell. It is varies from 0.1 pm to 2
pm to examine its consequence on petformance of perovskite/CIGS TFSC. In that case, optimum
thickness of CIGS layer is observed 0.9 um. With variation of thickness from 0.1 to 2 pm. Jsc increases
from 30.71 to 42.14 mA/cm?2, Voc fall from 0.891 to 0.85 V, the FF from 86.55% to 80.59% and the
efficiency from 25.08% to 28.96%. Jsc increases with increasing thickness and Voc decrease with increasing

in thickness.
3.2 Effects of Variation of acceptor density of CIGS layer

Acceptor density of CIGS affects electronic properties and overall device performance. Varying acceptor
density alters concentration of charge catriers (electrons and holes) within absorber layer. Increasing the
acceptor density leads to higher hole concentrations, while decreasing the acceptor density results in lower
hole concentrations. This, in turn, affects the overall device conductivity and carrier transport properties.

The acceptor density of CIGS layer is changed from 1X10'2cm to 1X10'8 cm to examine its consequence
on petformance of perovskite/CIGS solar cell as shown in Fig. 3. Improved fill factor and efficiency from
49.90% to 53.63% and 15.90% to 16.80% are observed. After the simulation the main conclusion was if
we increase the acceptor density then the Voc, FIF and efficiency will also get increased. The optimized

acceptor density of CIGS is 1X10'8 cm has been observed.

Proceedings of the International Conference on Frontiers in Desalination, Energy, Environment and Material Sciences for Sustainable Development

9



Performance Analysis of Perovskite/CIGS Based Thin Film Solar Cell using BaSi, as BSF Layer

0.86 430 85 30
. L 28
0.844 k425 8 b)
26
0827 b 42.0 "
~ —u—FF(%)
2 E 0] - Eta B3
50.80- i g (%) S
P FAs T | 2 I
8 E Lo w
> 0784 b
—m—Voc(Volt) La10m - 20
—0— Jsc(mAlcm2) 60
0.76 4 16
L 405 55 4
0.74 4 L 16
40.0 50

T T T T T T T T T T T T T T
10712 1003 10014 10M15 10M16 10017 1018 1072 10713 1014 10M5 10M16 10717 1008

Acceptor density(1/cm3) Acceptor density(Licm3)

Figure 3: Impact of CIGS layer acceptor density on (a) Voc and Jsc and (b) FF and efficiency.
3.3 Effects of Variation of temperature of absorber layer

Temperature has significant effects on its performance and electrical characteristics. Bandgap of the
absorber material is temperature dependent. As the temperature increases, the bandgap energy typically
decreases. This effect can lead to a higher absorption of photons with lower energy (longer wavelength)

and a shift in spectral response of the solar cell.
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Figure 4: Impact of temperature on (a) Voc and Jsc and (b) FF and efficiency.

Solar cell is very sensitive to temperature as compared to another parameter of solar cell. for optimise
petformance of perovskite/CIGS solar cell is depends on operating temperature of device. The temperature
in the CIGS layer is increased from 260 K to 320 K to examine the effect on performance of
perovskite/CIGS solar cell while keeping another parameter constant shown in Table 1. The consequence
of increasing temperature is shown in Fig. 4. The consequence of changing the temperature of the CIGS
absorber layer results in increase in fill factor and efficiency from 53.78% to 80.59% and 23.98% to 28.94%.

Jsc get increase by increase in temperature. The optimized temperature is 300 K of operating device.
3.4 Effect of defect density of absorber layer

Defects within absorber layer can act as recombination centres for charge carriers (electrons and holes),
leading to increased recombination rates. Higher defect densities result in more recombination events,
reducing the overall efficiency of solar cell. Minimizing the defect density is crucial for maximizing cartier

lifetime and minimizing recombination losses.
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Absorber layer is most important layer of TFSC. Neatly all, important parameter of solar device which

decides its performance enhancement occur in this section only. Hence, defect density of perovskite/CIGS

material play a critical role in readjusting the density to acceptable value which is an important step for

improving performance of perovskite solar cell device. Defect density of CIGS absorber layer is vatied

from 1X1012 to 1x10'8 to examine its effect on performance of the perovskite/CIGS solar cell as shown in

Fig. 5. Outcome of varying defect density results in improved fill factor and efficiency which is from 53.78%
to 80.59% and 23.98% to 28.94%.
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Figure 5: Impact of defect density on (a) Voc and Jsc and (b) FF and efficiency.

BSF layer is designed to enhance carrier collection by creating a high electric field at back surface of TFSC.

Increasing thickness of BSF layer can enhance electric field strength, promoting efficient carrier collection

and reducing carrier recombination at back surface. This can lead to improved current collection and overall

device efficiency.
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Figure 6: Impact of BSF layer thickness variation on (a) Voc and Jsc and (b) FF and efficiency.

Thickness of BSF is varies from 0.1 to 1.0 pm as shown in Fig.6. Thickness of CIGS is kept 0.9 pm, defect

density 10'* cm™3, acceptor density 1018 cm=3, temperature 300 K and the optimize thickness of BSF layer

0.5 um. By the variation in thickness of BSF layer from 0.1 pm to 1.0 pm after kept all the parameter are

constant, we observe positive change. After analysing the performance of above parameters, we see rise in
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parameters like FF, Voc, Jsc and PCE. The optimize thickness of CIGS absorber and BaSi> BSF layer

achieved is 0.9 um, and 0.5 um respectively.

3.6 Quantum efficiency

Quantum efficiency (QE) is a measure of its capacity to convert incident photons into electric current. It
describes the percentage of photons of different wavelengths (or energies) that are converted into electrical

charge carriers (electrons or holes) in the solar cell.
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Figure 7: Quantum efficiency of proposed structure.

QE of perovskite/CIGS TFSC is shown in Fig.7. It shows that cutrent will generate when illuminated by
a photon of a constant wavelength. If the quantum efficiency is combined with solar electromagnetic, one
can produce some value of current when introduced to the sunlight. The proportion between this highest
possible energy-production value and the given energy value for the solar cell is the cell's energy conversion

efficiency.
4  Conclusions

In this simulation we use Cs2AgBiBrs and CIGS as absorber layer along with back surface layer BaSio. It is
revealed that BaSi layer improves performance of perovskite/ CIGS TFSC of proposed structure also it is
more effective material.

The above result demonstrates the effect of band gap, thickness, acceptor density, defect density and
temperature on optoelectronic constraints such as FF, Voc, Jsc and PCE. The optimized value of CIGS
layer, BaSi, BSF layer is 0.9 pm, and 0.5 pm respectively. The optimized band gap of CIGS and BaSizis 1.1
eV and 1.3 eV respectively. The optimized value of defect density and acceptor density is the 10'* cm™ and
1018 cm™3. Optimized value of operating temperature of the device is 300 K. After variation in parameters
the efficiency seems to be increased from 26.17% to 28.94%. The simulation work is done by using SCAPS-
1D tools.

The final and optimized value of proposed perovskite/CIGS TFSC achieves CE of 28.96%, Voc of 0.85
V, Jsc of 42.15 mA/cm?, and FF of 80.57%. The record performance of TFSC displayed in this work is

basic and foremost important stage toward the future enhancement of the proposed idea.
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