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Perovskite solar cells are the most promising alternative sources of clean energy. In this re-search work, a
regular Cs-based halide (CsPbls) and mixed halide (CsPbl2Br) PSC were developed to study the thickness, de-
vice temperature, and material defect density using the SCAPS-1D simulator under an ideal 27 °C ambient
temperature. In this device model, TiO2 and CuSCN are used as ETL (electron transport layer) and HTL (hole
transport layer), and FTO and Ag are used as front and back electrodes, respectively. The structure of the de-
vice is the n-i-p type FTO/Ti0s/CsPbls/CuSCN/Ag and FTO/Ti0s/CsPbl.Br/CuSCN/Ag-based halide and mixed
halide model. The optimized thickness of the halide (CsPbls) and mixed halide (CsPbl2Br)-based PSC is
500nm. The optimal conversion efficiency for the  FTO/TiO«/CsPbls/CuSCN/Ag  and
FTO/Ti02/CsPbl2Br/CuSCN/Ag-based halide and mixed halide PSC is 11.07 % and 10.89 %, respectively. The
Voc of the halide (CsPbls) and mixed halide (CsPbl:Br)-based PSC at maximum power point is 1.21 V and
0.84 V. The optimal device temperature and material defect density for the halide (CsPbls) and mixed halide

(CsPbl2Br)-based PSC are 30 °C and 10'2 cm -3, respectively.

Keywords: CsPbls, CsPbl:Br, Perovskite, SCAPS-1D, Thickness, PCE.

DOT: 10.21272/jnep.18(3).03025

1. INTRODUCTION

The rise in energy demand in the modern era has up-
lifted the new energy sources like renewable energy to
produce clean electricity [1-4]. In the category of renew-
able energy sources, solar energy is the most desirable
alternative. Solar energy is one of the simplest energy
sources, where sunlight is directly converted into elec-
tricity. The microscopic attributes of solar cell materials
and the advancement of new techniques have created
modern high-performance solar cells [1-7]. One of the
significant achievements that have received great atten-
tion since the past decade is the perovskite solar cell
(PSC)-based photovoltaic (PV) device [8]. These solar cell
materials have great physical, optical, electronic, and
mechanical properties [8-9]. Besides those advantages,
the PSCs have low production costs and a simple pro-
duction process [10-11]. The conversion efficiency of the
PSC-based device rises from 3.8 % to 25 % and above [1,
12-15]. The higher conversion efficiency was achieved
from the hybrid device structure. This type of PSC de-
vice model consists of a front electrode, n-ETM (electron
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transport material), absorbing layer, p-HTM (hole
transport material), and back electrode [16-17]. These
hybrid model PSCs have power conversion efficiency
almost near to the thin-film-based solar cells.

Our research work focuses on a simulation-based
study to analyze the PV  performance of
FTO/Ti02/CsPbls/CuSCN/Ag and FTO/TiO2/CsPbl2Br/
CuSCN/Ag-based halide and mixed halide models. All
the physical properties of the absorbing layer, includ-
ing the thickness of CsPbls and CsPbl2Br-based PSC,
and their defects were studied under optimal condi-
tions. Later, the temperature of the device under opti-
mized thickness of PSC is studied.

2. DEVICE STRUCTURE AND SIMULATION

The regular planar module of the proposed PSC de-
vice is divided into two structures:
FTO/Ti02/CsPbls/CuSCN/Ag and FTO/TiO2/CsPbl2Br/
CuSCN/Ag-based halide and mixed halide models. The
schematic diagram of the proposed device model is de-
picted in Fig. 1.
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Fig. 1 - Schematic diagram of the proposed device model

The entire simulation process was executed in the
SCAPS workstation. All the required device
parameters used for that study were taken from
various reported articles, and they are mentioned in
Table 1 [8, 18-20].

Table 1 — Details of various device parameters

Parameters [Cs2Pbls [Cs2PbI2Br |TiO2 CuSCN
A (nm) 350 350 50 25

Eg (eV) 1.78 1.88 3.2 3.4
Eq(eV) 3.49 3.73 4.1 1.9

& 6 8.6 9 10

tn (cm?2/vs) |16 25 20 2x10-4
uh (cm2/vs) |16 25 10 2x10-1
Np(cm~-3) |0 0 1x10! |0

Na (cm~3) 1x 1015 |1 x 1015 0 3 x 1018

Our research work showed the effect of physical
properties, including active layer thickness, device
temperature, and material defect density, on the device
performance. Here, A, Eg, Eq, Np, Na, un and un are de-
fined as thickness, band gap, electron affinity, relative
permittivity, donor density, acceptor density, electron
mobility, and hole mobility, respectively [8]. The ener-
gy-level diagram of the FTO/TiO2/CsPbIs/CuSCN/Ag-
and FTO/TiOgz/ CsPbl2Br/CuSCN/Ag-based PSC is de-
picted in Fig. 2.
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Fig. 2 — Energy level diagram of the proposed device model
3. RESULTS AND DISCUSSION
3.1 Active Layer Thickness Optimization

In this section, physical properties of the active lay-
er, viz., the thickness of CsPbls and CsPblz:Br-based
PSC materials, were varied from 100 nm to 900 nm to
find the optimized thickness where the PV performance
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of the device is maximum. All the parameters of device
materials are taken from Table 1. Here, Fig.3 and
Fig. 4 represent the Voc and PCE changes with the
thickness graph of the FTO/TiO2/CsPbls/CuSCN/Ag
and FTO/TiO2/CsPbloBr/CuSCN/Ag-based PV devices.
Fig. 3 and Fig. 4 showed that with every increment in
thickness of the active layer, both the device PV pa-
rameters Voc and PCE increase initially up to 500 nm
thickness, and after 500 nm thickness, both those PV pa-
rameters decrease gradually. The main reason for that
incident is that at higher thicknesses the absorption of
light intensity is higher, and as a result, more charge car-
riers are generated [8, 20]. But higher light absorption is
also responsible for heat production in the device, which
leads to a drop in Voc and PCE. Thus, 500 nm thickness
will be the optimized thickness for those CsPbls~ and
CsPbl2Br-based PSC materials. At 500 nm thickness, the
PV performance of FTO/TiO2/CsPbls/CuSCN/Ag and
FTO/TiO2/ CsPbleBr/CuSCN/Ag-based PV devices is re-
ported in Table 2.
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Fig. 3 — Variation of Voc, PCE with the thickness of CsPbls
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Fig. 4 — Variation of Voc, PCE with the thickness of CsPbl:Br

Here, the PV performance parameters are open cir-
cuit voltage (Voc), short circuit current density (Jsc),
power conversion efficiency (PCE), and fill factor (FF),
respectively.

Table 2 — PV performance of the PSC

Materials Voc Jsc PCE FF (%)
%) (mA/cm?) | (%)

Cs2Pbls 1.21 13.09 11.07 64.66

Cs2PbI2Br 0.84 15.93 10.89 78.32
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3.2 Effect of Device Temperature

Device temperature optimization is an important
study in the PSC simulation.
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Fig. 5. Effect of temperature on device performance

The temperature of the device changes from 10 °C
to 70 °C. The PCE-temperature plot is shown in Fig. 5.
From that figure it is clearly observed that the PCE of
both the FTO/TiO2/CsPbls/CuSCN/Ag- and FTO/TiOs/
CsPbl:Br/CuSCN/Ag-based PV devices increases ini-
tially up to 30 °C temperature. After that temperature,
there is no significant change in PCE observed for ei-
ther device. Higher temperature may lead to a drop in
Voc, and as a result, PCE also decreases.

3.3 Effect of Defect Density

Defect density (/V:, cm~3) played an important role
towards the PV performance of a PSC material. Here,
Fig. 6 shows the PCE-IV; plot of the CsPbls~ and CsP-
bl2Br-based PSC material. It is impossible to neglect
defects from the PSC material. From Fig. 6, it is clear
that up to 102 cm-3 N; the PCE of the
FTO/TiO2/CsPbls/CuSCN/Ag and FTO/TiO2/ CsP-
bI2Br/CuSCN/Ag-based PV device increases. After 1012
cm~? defect density, the PCE of the device decreases
significantly. So, the optimized defect density for CsP-
bIs- and CsPblz2Br-based PSC material is 1012 ¢cm —3,
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Fig. 6 — Effect of defect density on device performance

3.4 Recombination Study

Recombination study played important role to un-
derstand the rate of loss of photogenerated charge be-
fore it converted into current. Here, Fig. 7 shows the
total recombination current (Jr, mA/cm?2) and Shockley-
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Read-Hall current (Jsgky, mA/cm?) plot of the
FTO/TiO2/CsPbIs/CuSCN/Ag and FTO/TiO2 CsP-
bI2Br/CuSCN/Ag-based PV device. From this graph it is
clear that as the voltage increases both the J; and Jsrg,
initially remained almost constant up to 0.6 V. After
that 0.6 V both the Jr and JsrH increases abruptly.
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Fig. 7 - Recombination plot: a) CsPbls, b) CsPbl2Br

3.5 Power Density Study

Here, Fig. 8 shows the power density plot of the
device.
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Fig. 8 - Power density plot of the device

From this figure it is clear that up to 600 nm thick-
ness the power density of the device is increases signif-
icantly and after that thickness the power density
started to decrease. The main reason behind that inci-
dent is the recombination rate increases with higher
thickness of active layer.

4. CONCLUSION

This research work showed the PV performance
analysis of a halide (CsPbls) and mixed halide (CsP-
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bl:Br) PSC using a SCAPS-1D simulator. Various
physical properties, including the thickness of halide
(CsPblIs) and mixed halide (CsPbI2Br) PSCs, followed
by their defect density study and device temperature
analysis. The PCE of halide (CsPbls) and mixed halide
(CsPbI2Br) PSCs at the maximum power point is
11.07 % and 10.89 %. Similarly, the Voc of halide (CsP-
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Onrumisania pisHux (pisMIHNX BJIACTUBOCTEH II€POBCKITHOrO COHAYHOrO €IEMEHTA HA OCHOBI
CsPbls-xBrx (X=0,1)
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TlepoBCKITHI COHAYHI eJIeMEHTH € HANIEePCIeKTUBHINIMMY aJIbTePHATHUBHUMU JKEePesIaMu YKCTOI eHeprii.
¥ poborti 6ysio pospobisiero asuuaitumii rasoremigumii (CsPbls) Ta amimanuit ramorenigumii (CsPblzBr) PSC
TSI JOCJTIIYKEHHSA TOBIIWHY, TEMIIEPaTypPH IIPUCTPOIO Ta MIIHHOCTI Jed)eKTIB MaTepialy 3a JOIIOMOIOI0 CHMY-
naropa SCAPS-1D 3a ifmeasibHOI TeMmepaTypy HABKOJMIIHBOTO cepemosuina 27 °C. ¥V 11iif Moiesi IpucTpoio
TiOz ra CuSCN BuropucroByiorhes ax ETL (imap mepenocy esexrponis) Ta HTL (map mepenocy aipok), a FTO
Ta Ag BUKOPUCTOBYIOTBCS SK HEPeIHIN Ta 3aJHIN eJIeKTpoau BiamosgHo. CTpyKTypa IIpHUCTPOIo — Ie MOJIeJh 7-
i-p tuny FTO/Ti02/CsPbls/CuSCN/Ag ta FTO/TiO2/CsPblzBr/CuSCN/Ag Ha 0CHOBI TalOreHi B Ta 3MIIAHUX
rajoredigis. OnrumisoBana toBmuaa PSC mHa ocuHosi ramoresimis (CsPbls) Ta amimanwx rajoreHimis
(CsPbl2Br) cranosuts 500 um. Onrumasibaa epekTuBHICTE rteperBoperHs i PSC Ha 0CHOBI raJioreHimiB Ta
amimanux ranoresimie FTO/Ti02/CsPbls/CuSCN/Ag ta FTO/TiO2/CsPbl:Br/CuSCN/Ag cramosuts 11,07 % Ta
10,89 % Bigmosigso. JIOC (neryunx opranivuwmx cronyk) PSC ma ocuosi ranorenimis (CsPbls) ta amimannx
rasiorenimie (CsPbleBr) y Touri makcumasnbHol moryskHocTi cranoButh 1,21 B ta 0,84 B. Onrumansaa Temite-
parypa IpHCTPO Ta MIUILHICTE JederTiB Marepiany misi PSC ma ocuosi rasoremims (CsPbls) ta smimrammx
rasorerims (CsPbl2Br) crarosssts 30 °C Ta 1012 cM -3 BIAHIOBITHO.

Kmouogi ciosa: CsPbls, CsPbl:Br, ITeporckit, SCAPS-1D, Tosmmuua, PCE.

03025-4


https://doi.org/10.1021/ja809598r
https://doi.org/10.1021/acsenergylett.6b00499
https://doi.org/10.1126/science.1243982
https://doi.org/10.1126/science.aaa9272
https://doi.org/10.1039/c4ta05033a
https://doi.org/10.1021/acsenergylett.7b01167
https://doi.org/10.1016/j.joule.2018.01.009
https://doi.org/10.1016/j.solener.2019.11.005
https://doi.org/10.3390/nano13142100
https://doi.org/10.3390/nano16050324
https://doi.org/10.21272/jnep.13(3).03009
https://doi.org/10.1016/j.sse.2016.09.012
https://doi.org/10.1109/JPHOTOV.2021.3050268
https://doi.org/10.1038/544155a
https://doi.org/10.1109/TED.2020.2996570
https://doi.org/10.3390/solar2040033
https://orcid.org/0000-0001-9398-6021

