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This research article showed a performance analysis of an FTO/ETL/Cs2SnBre/HTL/Au-based PSC de-
vice using the SCAPS-1D simulator. To make an optimized PV device, three ETL mate-rials (CdS, SnOs,
and ZnSe) and HTL materials (CBTS, PsHT, and CuO) have been used in the simulator. CdS-based ETL
showed better performance at 80 nm thickness, where PCE achieved 25.14 %, and CBTS HTL material
recorded an optimum PCE of 29.04 % at 60 nm thickness among all other used ETL and HTL materials. In
a further look at optimized ETL and HTL, the Cs2SnBrs-based PSC has shown optimal photovoltaic per-
formance at 500 nm thickness, where VOC, JSC, PCE, and FF values were recorded as 1.19V,
32.12 mA/em?2, 27.66 %, and 62.4 %, respectively. Above 500 nm thickness of the Cs2SnBrs-based PSC, the
device PV performance remained almost constant. On the other hand, it has been observed that between
10 °C-20 °C temperature, the PCE of the device increased significantly, and after 20 °C temperature, the
PCE of the device does not change continuously. The optimized device temperature is 20 °C. All the simu-
lation studies have been performed under the ambient temperature of 27 °C, and all the other recombina-

tion parameters have remained at ideal conditions.
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1. INTRODUCTION

Rapid industrial growth is the key contributor to
the emission of anthropogenic gases, which is a serious
issue across the world [1-3]. Thus, the demand of re-
newable energy is increasing significantly. Solar energy
is one of the major contenders among the renewable
energy sources that will be a prime contributor in the
fulfillment of energy demand. Perovskite solar cells
(PSC) are the new generation of photovoltaic (PV) ma-
terials that have the following key properties: suitable
band energy, superior carrier mobility, diffusion length,
and absorption coefficient. Despite having the above-
mentioned advantages, it has few disadvantages, in-
cluding toxicity due to the Pb-element and device sta-
bility. Thus, lead-free PSC materials are creating huge
interest among the researchers to find the environ-
ment-friendly solar materials [4-6]. Lead-free Ti-based
material was explored by Ju et al., where they identi-
fied that Cs2TiXe-based PSCs exhibit a tunable band
gap of 1-1.8 eV [7]. Chen et al., with Cs2TiBre-PSC,
achieved 0.89 V VOC (open circuit voltage), 3.87 % JSC
(short circuit current density), 2.05 % PCE (power con-
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version efficiency), and 59.5 % FF (fill factor), where
TiO2 and P3HT are used as ETL (electron transport
layer) and HTL (hole transport layer), respectively [8].
Other PSC materials, Cs2AgBiBre,
Lao.7Sr0.sMnOs /Nb:SrTiOs-based PV model, showed
7.25 % and 32 % PCE, respectively [9-10].

In our study, an FTO/ETL/Cs2SnBre/HTL/Au-based
PV device has been developed with various ETL and HTL
materials taken into consideration to find the suitable

HTL and ETL material for the device performance
optimization. All the physical and optical parameters
used in the simulation study are collected from vari-
ous reported articles.

Our study has the following significant outcomes:

1) optimization of ETL material (CdS, SnO2, and
ZnSe) performance used in the device.

11) optimization of HTL material (CBTS, P3HT, and
CuO) performance used in the device.

iii) optimization of the thickness of the Cs2SnBr6-
based PSC and analysis of its PV performance.

iv) Device temperature optimization to check the
device stability.
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2. DEVICE STRUCTURE AND SIMULATION

In our study, we have proposed an n-i-p structure
device model, an FTO/ETL/Cs2SnBre/HTL/Au-based PV
module. Where we have taken three ETL materials:
CdS, SnOg2, and ZnSe; and three HTL materials: CBTS,
P3HT, and CuO for the simulation and FTO and Au
used as electrodes. Here, Table 1 and Table 2 show the
different parameters used for the
FTO/ETL/Cs2SnBre/HTL/Au-based PV module [11-15].

Here, A, Eg, Eo, &, tin, tn, Np, and Na are denoted as
thickness, band gap, electron affinity, permittivity,
electron mobility, hole mobility, donor doping concen-
tration, mobility, and acceptor doping concentration,
respectively. Our study was performed at AM 1.5 G,
1000 W/m? power with Gaussian energy distribution,
where characteristic energy is kept at 0.1 eV [16-17].
Here, Fig. 1 indicates the schematic diagram of the
proposed PSC, and Fig. 2 shows the energy band dia-
gram of the proposed PV model.

Table 1 — Absorbing and ETL materials parameters

Parameters | Cs2SnBrs | CdS SnO2 | ZnSe
A (nm) varied varied | varied | varied
E. (eV) 1.36 2.4 3.6 1.8
Eq(eV) 4.09 4.2 4 4.55
& 4 10 9 5.54
n (cm2/vs) | 250 100 100 100
un (ecm2/vs) | 100 25 25 50

Np (cm —3) 0 1019 1016 1018
Na (cm —3) 1018 0 0 0

Table 2 — Electrode and HTL materials parameters

Parameters | FTO CBTS | CuO P3HT
A (nm) varied varied | varied | varied
E; (eV) 3.6 1.9 1.51 1.7
Eq(eV) 4.5 3.6 4.07 3.5
1€ 10 5.4 18.1 3
4n (cm?2/vs) 100 30 100 0.0018
n (cm?2/vs) 20 10 10 0.0186
Np (cm —3) 0 0 0 0
Na (cm ~3) 1.8 x 1019 | 1018 1018 1018
Au
HTL
Cs25SnBrs
ETL
FTO
Sunlight

JJ. NANO- ELECTRON. PHYS. 18, 04020 (2026)

Fig. 1 — Schematic diagram of the proposed PV model
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Fig. 2 - Energy band diagram of the proposed PV model

3. RESULTS AND DISCUSSION
3.1 ETL Optimization

In this sub-section, to select an appropriate ETL
material among all three materials, CdS, SnO2, and
7ZnSe, we have used an HTL-free FTO/ETL/Cs2SnBrs
structure in the SCAPS model where the thickness of
the absorbing layer was kept fixed and the thickness of
the ETL varied from 20 nm to 100 nm. Here, Fig. 3
shows the thickness-PCE plot of the PV device. From
this figure, it is clearly observed that CdS as ETL ma-
terial has outperformed the other two ETL materials
SnO2 and ZnSe, where PCE achieved 25.14 % at 80 nm
thickness. SnOz and ZnSe achieved the best perfor-
mance, 23.10 % and 17.62 % of PCE, at 100 nm and
20 nm thickness, respectively.
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Fig. 3 - ETL materials thickness optimization

3.2 HTL Optimization

Here, we have optimized the PV performance of the
three HTL materials, CBTS, P3HT, and CuO. In the pre-
vious section, it was observed that CdS will be an appro-
priate ETL material that has an optimized thickness of
80nm. Now, our device model structure 1is
FTO/CdS/Cs2SnBre/HTL-based, and the thickness of the
HTL material varies from 20 nm to 100 nm. Here, Fig. 4
shows the thickness-PCE plot of the PV device. The above
figure shows that CBTS HTL material has the highest
PCE of 29.04 % at 60 nm thickness, whereas the other two
HTL materials, PsHT and CuO, have optimum PCEs of
26.14 % and 24.82 % at 60 nm and 100 nm thickness.
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Fig. 4 - HTL materials thickness optimization
3.3 Cs2SnBrs Thickness Optimization

In the previous section, we have discussed the best
PV performers as ETL and HTL materials for the
FTO/CdS/Cs2SnBre/CBTS/Au-based device, which are
CdS and CBTS. Now, the thickness of the Cs2SnBrs-
based PSC was varied from 100 nm to 700 nm. Here,
Fig. 5 indicates the PCE-thickness graph of the device.
After that 500 nm thickness, the device shows insignif-
icant changes in the PCE. So, the optimized thickness
of the Cs2SnBrs-based PSC is 500 nm.
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Fig. 5 — Variation of active layer thickness with PCE

3.4 Device Temperature Optimization

Device stability was checked in the air where the
temperature of the atmosphere was changed from 10 °C
to 60 °C. Here, Fig. 6 showed the PCE-temperature
plot. From this figure, it is clearly observed that up to
20 °C, the PCE of the device increases, and after that
temperature, PCE remains almost constant. So, the
optimized device temperature is 20 °C.
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Fig. 6 — Variation of device temperature with PCE
3.5 Optimized Device Model
The optimized device model J-V plot is shown in Fig. 7.

Table 3 — PV performance of the device

Material

Voc (V)

Jsc (mA/cm?2)

PCE (%)

FF (%)

Cs2SnBrs

1.19

32.12

27.66

62.4

The performance of the device at the optimized val-
ue of the thickness of the Cs2SnBre, CdS, and CBTS
layers is mentioned in Table 3.
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3.6 Quantum Efficiency Studies

Quantum efficiency (QE) is an important tool to un-
derstand the rate of conversion of incident photon into
electricity. Here, Fig. 8 shows QE plot of the optimized
device. From QE plot it is clear that at 350 nm wave-
length the device has optimum QE.
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Fig. 8 - QE plot of the optimized device

4. CONCLUSION

Our study showed an optimized Cs2SnBres-based PV
device where an optimum PCE of 27.66 % can be
achieved at 500 nm thickness. Such a device is opti-
mized at 20 °C temperature. This high-performance
device requires an optimized ETL and HTL material.
In our study, CdS as ETL and CBTS as HTL outper-
formed all other materials in terms of better PV per-
formance. This PV analysis will be very useful to ex-
plore the optical properties of that Cs2SnBrs-based
PSC. To improve the PCE further of Cs2SnBre, band
gap optimization is required.
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V¥ pobori mokasamo aHamia mpoaykrusHocTi mprctpoo PSC ma ocuoBi FTO/ETL/Cs2SnBre/HTL/Au 3a
nmomomorom cumysiaropa SCAPS-1D. JIjis cTBOpeHHS ONTUMI30BAHOTO (POTOEIEKTPHUYHOTO IIPUCTPOI0 B CHMY-
ssrropi Oyso Buropucrano tpu marepianmu ETL (CdS, SnO: ta ZnSe) ta HTL-marepiamu (CBTS, PsHT ta
CuO). ETL na ocuosi CdS mokasas kpairy mpoaykrusHicTk mpu ToBmmHI 80 HM, 1e PCE mocar 25,14 %, a
HTL-matepian CBTS zadikcysas omrumansauit PCE 29,04 % mpu ToBmnai 60 HM cepel ycixX iHIINX BUKO-
pucraunx ETL ta HTL-marepiamnis. IIpu nomamsimomy posrisai ontumizoBaunx ETL ta HTL, PSC Ha oc-
HoB1 Cs2SnBrs nmpogemoncTpyBaB onTuMaibHy (POTOETIEKTPUYHY IPOLYKTUBHICT Ipu ToBImuHL 500 HM, 16
sauavenus Voc, Jsc, PCE ta FF 6ysm sapeecrposawni six 1,19 B, 32,12 mA/em2, 27,66 % Ta 62,4 % BIAIOBIIHO.
ITpu Tormmuui monanm 500 M PSC ma ocuoBi Cs2SnBre doroesekTpuyta MpogyKTUBHICTS IPUCTPOIO 3aJTH-
mraJiacs MamsKe TOCTifHOK. 3 1HIoro 60Ky, OyJo momiueHo, 1o B miamadoni temmeparyp Bix 10 °C mo 20 °C
PCE mnpucrporo 3uauno 36iibIiryBascs, a micias remmeparypu 20 °C PCE mpucrporo He amiHoeThCs Gearepe-
pBHO. OmrrMizoBaHa TeMmmeparypa mnpucrpoo craHoButh 20 °C. Bel MonesoBasibHI TOCTIKEHHST IIPOBOIH-
JIACS 3a TeMIIepaTypu HABKOJIMIITHBOTO cepenoBuina 27 °C, a Bcl 1HIN mapaMeTpy peKoMOIHAI] 3aIHUTIaIIH-

CAB iﬂeaJ'II)HI/IX yMoOBax.

Kmiouosi cnosa: Ileposckir, ETL, HTL, PV, Tosmuna, PCE.
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