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Abstract: In this paper, the focus was on organic and inorganic perovskite solar cells because of their exceptional light-
harvesting capabilities, high efficiency, low production costs, and superiority over conventional solar cell materials. The
findings demonstrated that, in contrast to solar cells based on lead, such those made of lead perovskite CH3NH3PbI3,
Higher temperatures have less of an impact on lead-free sub-perovskite cells' outstanding performance. Lead-free
perovskite solar cells have recently achieved high efficiencies of about 18.79 percent. A perovskite-based planar
heterogeneous solar cell's conventional design consists of a transparent electrode, a back electrode, a hole transfer material
(HTM), and a perovskite absorber together with electron transfer material (ETM). In this research, ETM (SnO;) with
perovskite CHsNHsPbls and Spiro-Cu,O as (HTM)/was used. This compound achieved a high efficiency of 18.79%.

Method/Analysis: The Solar Cell Power Simulator (SCAPS) is used to evaluate the solar cell design.

Keywords: Perovskites materials, solar cells power simulator, solar cells, bandgap energy, photovoltaic (PV), back

contacts.

1 Introduction

Over the past several decades, there has been a tremendous
advancement in solar photovoltaic technology due to
advancements in technology, research into novel,
inexpensive  materials, and increased commercial
manufacturing. To get this technology on the market, solar
cell efficiency must be increased as much as feasible. The
energy loss caused by the gap is one of the single-junction
photovoltaic (PV) devices’ limitations. Between the photon
energy and the material's (Eg). It is well known that photon
energy must match the bandgap energy to be successfully
extracted as electric power. Photon energy is simply not
absorbed when it is less than the bandgap energy,
Moreover, when it surpasses the bandgap energy, carrier
thermalization causes the excess energy to be wasted,
which hinders the conduction process [1]. This cell is
manufactured by directly depositing layers one on top of
the other new perovskite families or 111-V semiconductor
compounds can be used to create this kind of cell.

The lengthy diffusion length and significant optical
absorption [2], charge carrier mobility [3], and wide tunable
(Eg) (between from 1.48 to 2.23 V) of perovskite materials
have also been shown to be extremely promising [4]. A
perovskite compound made of metal halides is used as a
light absorber in perovskite solar cells. Perovskite
molecules, the building blocks of a photovoltaic solar cell,
contain the general chemical formula ABX3, where X is an
anion and A and B are cations with different atomic radii

(A is bigger than B). Organic-inorganic hybrid metal halide
perovskites have a crystal structure similar to that of
calcium titanium oxide (CaTiO3) [5].

2 Methodology

The system is predicated on carrying out three fundamental
actions for every layer. The thickness, temperature, and gap
energy (Eg) are measured in the first stage at intervals of
[Range from 213 k to 300 K].

Information on these four attributes, which include
efficiency(n), Voc, Jsc, and FF, will be gathered. SCAPS-
1D software was used to obtain these results, the main goal
of SCAPS-1D is to resolve the Poisson and continuity
equations [6][7]. Any equation begins at the beginning of
this period and starts with the basic assumption that a
balance is achieved by using the quasi-Fermi level. In this
instance, no illumination nor voltage are added.

The ratio between the generated maximum power and the
incident power is used to calculate power conversion
efficiency.

This is given by:

Pmax _ JscVocFF (1)

Pin Pin

}7:

The parameters of each layer are determined here according
to the table below
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Table 1: The materials parameters numerical analysis [8-11] Efficiency, Voc, Jsc, and F.F. drop as the absorber layer
Parameters Sipro- Cu20 | MAPbL | Sno2 thickness rises because the production of electron-hole
— SQAETAD Ry — pairs in the perovskite materials reduces as thickness
and gap(ev) ' ‘ ‘ ‘ increases. The maximum efficiency at the thickness 0.01
Electron effinity (ev) | 2.1 3.2 3.75 4 the efficiency is 18.70%.
r?eifrlr?iﬁir\i/?ty 3 711165 9 Table 2: Variation of Thickness for ITO/SNO2/CH3NH3Pb
. : 13/CU20/AU with solar cells parameters.
CB effective densit
of states (1/cm?) Y | 250E+18 |2.02E+17|2.20E+13 [2.200E + 18 Thickness | Voc Jsc FF n
VB effective density m V ma/cm2) | (% %
of states (Lom?) 1.80E+19 |L.10E+19|2.20E+12 [1.800E + 19 (S‘:\IO)Z V) ( ) [ (%) | (%)
Electron thermal
velocity(cm/s) 1.00E+07 |1.00E+07|1.00E+07 | 1.000E +7 88; 8;22 3822 ggig 1225
Hole thermal . . . . .
velocity(cmis) 1.00E+07 |1.00E+07|1.00E+07 | 1.000E +7 0.03 0.7863 | 20 42 58.46 | 1859
(Ec'rfg;gg) MObility | 5 00E-04  [2.00E+02|2.00E+00 | 1.000E +2 0.04 0.7862 | 40.35 58.43 | 18.54
Hole mobility 0.05 0.7861 | 40.26 58.41 | 18.49
(cm2/v.s) 2.00E-04 |8.00E+182.00E+00 | 2.500E +1 0.06 0.7861 | 40.18 58.39 | 18.44
. . 0.07 0.786 | 40.11 58.37 | 184
3 Result and Discussion 0.08 0.7859 | 40.05 58.35 | 18.37
. 0.09 0.7859 | 40 58.34 | 18.34
3.1. Effect layer thickness of (n ITO/SNO2/CH3NH3Pb 0.1 0.7859 | 39.96 53.32 | 18.32
13/CU20/AU (p) 0.11 0.7858 | 39.92 | 58.31 | 18.29
In order to produce electron-hole pairs and absorb the 0.12 0.7858 | 39.88 58.3 | 18.27
greatest number of photons, the absorber layer should be 0.13 0.7858 | 39.85 58.29 | 18.26
adjusted to its ideal thickness [12]. The thickness of the 0.14 0.7858 | 39.83 58.29 | 18.24
absorber layer has been adjusted from 0.01um to 0.14um.
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Fig. 1: PV parameter variation via altering the thickness of ITO/SNO2/CH3NH3Pb 13/CU20/Au.
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3.2. Effect of annealing Temperatures for
ITO/SNO2/CH3NH3Pb 13/CU20/AU
Table 3 displays the simulation's findings for 1-V

characteristics, including PCE, FF, Jsc, and Voc, for a
PVSC across a range of environmental temperatures. The
maximum efficiency is 18.79% with Jsc = 40.32mA/cm2,
FF = 61.79% and Voc = 0.73volt is attained when the
temperature reaches 333 K, making the optimal outcome at
extremely low temperatures ideal for operations in space.
As seen in Fig. 2, the PCE, F.F., and Jsc increase as the
temperature rises from 213 K to 333 K. According to Fig.
2, open-circuit voltage typically drops progressively as
temperature rises, due to its ability to regulate charge
carrier production,

Woe (W)
-

F.F (%)

Jsec (midem™2)

recombination,

and collection,

temperature can alter

efficiency. As a result, the optimal temperature of a PVSC
using SNO2 as a PVSC is 333 k.

Table 3:

The parameter

of

13/CU20/AU heterojunction solar cells

ITO/SNO2/CH3NH3Pb

T(K) | Voc (V) | Jsc F.F N (%)
(mA/cm2) | (%)
213 0.91 40.19 46.2 16.91
233 0.88 40.37 48.5 17.28
253 0.85 40.55 51.03 | 17.67
273 0.82 40.74 53.74 | 18.06
293 0.79 40.94 56.58 | 18.43
313 0.79 40.94 56.58 | 18.43
333 0.73 40.32 61.79 | 18.79

Efficiency %

Fig. 2: The relationship between temperature and solar cell characteristics.

3.3. The impact of various back contacts acting as
electrodes

Table 4: demonstrates how different metal back contacts
affect different HTM layer candidates.

Utilizing simulations, Chromium (Cr), silicon (Si), silver (Ag), ~ [EMiciency® | BE -y ima fem®) [y, qvy | Work | Metals
. . . (%) oc Function
titanium (Ta), nickel and (Zn) as a potential back contact for (ev)
photovoltaic solar cells. Figure 3 illustrates the impact of the
back contacts' varying performances. The Voc, Jsc, and FF rise 1542 | 494 2579705 | 12103 | 45 cr
as the metal is more useful. As a result, PVSC efficiency is 17.21 51.58|  26.10516 1.2782 4.6 Si
also rising. Due to the electrical field becoming negative at the 1813 5383 2626226 12826 a7 Ag
HTM and back contact [13], the holes cannot move toward the
electrode because of energy disfavor. Ta is among the possible 18.23 | 54.06 26.28 12828 | 48 Ta
back contact materials that might improve PSC performance, 18.23 5407| 26.28079 1.2828 49 Zn
according to the simulation's findings.
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Fig. 3: The relationship between Metalwork function and solar cell characteristics

4 Conclusions

The thickness of CH3NH3Pb I3 was varied in this study in
order to observe each substance. Additionally, a range of
temperatures and work functions were investigated in order to
determine the ideal conditions that corresponded to the highest
efficiency of the material such as SNO2/CH3NH3Pb
13/CU20, have been designed which are utilized as ETL, HTL
and buffer layers in perovskite solar cells to accomplish high
PCE and stability, which was 18.79%.
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