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This research work shows the development of an n-i-p structured FTO/Ti02/Cs2Til¢/Spiro-OMeTAD/Au and
a p-i-n structured FTO/PEDOT:PSS/Cs:Til¢PCBM/Al-based PSC photovoltaic model. The PSC material,
Cs2Tile thickness, device temperature, and optical visibility were studied under optimal conditions for both the
n-i-p and p-i-n structured models using a 1.5G spectrum Solar Cell Capacitance Simulator — 1 Dimension
simulator (SCAPS-1D). The n-i-p model (regular) showed that CseTils-based PSC has optimum photovoltaic
performance at 500 nm thickness, where photovoltaic performance is recorded as Voc: 0.76 V, Jsc:
13.69 mA/em2, PCE: 7.6 %, and FF: 76 %, and the p-i-n model (inverted) revealed that CszTils-based PSC has
the highest PV performance at 400 nm thickness, where photovoltaic indices are recorded as Voc: 0.63 V, Jsc:
14.22 mA/em?2, PCE: 6.7 %, and FF: 70 %. On the other side, both n-i-p-structured FTO/Ti02/CseTile/Spiro-
OMeTAD/Au and p-i-n-structured FTO/PEDOT:PSS/Cs:Tile¢/PCBM/Al-based PSC models have optimum device
temperatures at 30 °C. The visible range for the n-i-p model and the p-i-n model-based device is 1000 nm and

900 nm wavelength, respectively.

Keywords: Cs:Tils, Perovskite, EQE, PV, Thickness, PCE.

DOT: 10.21272/jnep.18(2).02022

1. INTRODUCTION

PV (photovoltaic) energy is one of the cleanest
energy sources in the world, and it is one of the most
in-demand renewable energy resources in India [1-2].
PV technology rapidly developed from first generation
to fourth generation with the discovery of new
materials like the perovskite solar cell (PSC) materials
due to their superior opto-electrical, mechanical, and
structural properties like band gap, carrier mobility,
absorption coefficient, and diffusion length [3-5]. But a
few disadvantages make it not suitable for
commercialization: toxic nature due to the Pb-element
and device instability. Thus, the advancement of lead-
free PSC materials has developed a new interest among
the scientists to overcome the above-mentioned
problems. In general terms, titanium (Ti) is a low-toxic
planet-rich element that can be a perfect contender to
substitute the Pb element from PSC. Initially, Ju et al.
(2018) developed a cesium titanium (IV)-based halide
PSC, which has a tunable band gap between 1.0 eV and
1.8 eV [6]. After that, Chen et al. (2018) developed an
FTO/TiO2/Cs2TiBre/PsHT/Au-based planar structure,
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and later they added a Ceéo layer to improve the
performance of the device. They also showed that
Cs2TiBre-based PSC was degraded in air easily [7].
Chakraborty et al. (2019) showed a theoretical study of
four Ti-based halide materials viz., Cs2TiBrs, Cs2Tils,
Cs2TiCls, and Cs2TiFs, which have very low power
conversion efficiency [8].

Our study focuses on the development of an n-i-p
structure FTO/Ti02/Cs2Tile/Spiro-OMeTAD/Au-based
PSC model and a p-i-n structure
FTO/PEDOT:PSS/Cs2Tile/PCBM/Al-based PSC model.
Later, the optimization of PSC thickness and their PV
performance was also studied to understand the device
morphology and its effect on device PV performance. The
effect of device temperature on both the n-i-p and p-i-n-
based device structures was also analysed to find the
optimum device temperature. The optical visible range of
both the n-i-p and p-i-n-based PSCs is discussed through
an external quantum efficiency study.

2. DEVICE STRUCTURE AND SIMULATION

The proposed device structure is of two types: a) the
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n-i-p model: FTO/TiOg/Cs2Tile/Spiro-OMeTAD/Au; b)
the p-i-n model: FTO/PEDOT:PSS/Cs2Tile/PCBM/AL
The schematic diagram of the two types of device
structure is shown in Fig. 1. A Solar Cell Capacitance
Simulator — 1 Dimension simulator-was incorporated to
perform the entire simulation work.

Table 1 — n-i-p model various device parameters [8-12]

Parameters |[FTO Cs2Tils |TiOz Spiro-
OMeTAD
A (nm) 150 varied |50 100
Eq (eV) 3.6 1.02 3.2 3.2
Eq(eV) 4.5 4 4.1 2.1
G 10 5.36 9 3
n (cm2/vs) {100 0.236 20 2 x 104
un (cm2/vs) |20 0.171 10 2 x 104
Np (cm ~3) 0 3x 1019 |1x 10190
Na(em-3) |[1.8x 101 |3 x 108 |0 1020
(Normal) (Inverted)
Au n-i-p Al p-i-n
Spiro-OMeTAD PCBM
Cs2Tile Cs2Tils
Ti0: PEDOT:PSS
FTO FTO
Sunlight Sunlight

Fig. 1 - Schematic diagram of n-i-p and p-i-n model

Our study showed the effect of active layer
thickness and device temperature on device PV
performance. The device parameters used in that
simulation process are mentioned in Table 1 for the
n-i-p model and in Table 2 for the p-i-n model, and their
various parameters are defined as A: thickness, Eg:
band gap, Ea: electron affinity, & relative permittivity,
Np: donor density, Na: acceptor density, un: electron
mobility, and wux: hole mobility, etc.

Table 2 — p-i-n model various device parameters [8-12]

Parameters [FTO Cs2Tile |PEDOT:PSS |PCBM
A (nm) 150 varied |40 80

E; (eV) 3.6 1.02 3 2.1
Ed(eV) 45 4 2.78 3.9

O 10 5.36 2.2 3.9

4n (cm2/vs) |100 0.236 1x10-5 0.001
un (cm?2/vs) |20 0.171 3.2x 104 0.002
Np(cm~-3) |0 3 x 1019 |0 1 x 1016
Na(ecm~—3) [1.8x1019(3 x 1018 |6 x 1016 1 x 1019
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Various PV performance indices, including open
circuit voltage (Voc), short circuit current density (Js),
power conversion efficiency (PCE), and fill factor (FF),
were calculated for both the n-i-p and p-i-n device models
using above-mentioned device parameters [13-14].

3. RESULTS AND DISCUSSION
3.1 n-i-p Model Performance Analysis

For this work, the thickness of Cs2Tileé-based PSC
was changed from 100 to 700 nm, and their PV
performance in terms of Voc, Jsc, PCE, and FF
parameters was recorded. The simulated result is
plotted in terms of Voc-thickness; PCE-thickness is
depicted in Fig. 2. From this figure, it is clearly
observed that both the Voc and PCE initially rise with
the thickness increase up to 500 nm significantly. The
main reason behind that incident is that a much
thicker absorbing layer can absorb higher photons, and
as a result, the PCE of the device increases [15-16].
After that 500 nm thickness, there is no clear evidence
of significant changes in the PV performance, which
implies that after 500 nm thickness, the back

recombination process in the device will start [17-18].
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Thickness (nm)

Fig. 2 - Variation of Voc, PCE with the thickness of the PSC

3.2 p-i-n Model Performance Analysis

The p-i-n model is also referred to as the inverted
model. To understand the PV performance along with
the thickness of the absorbing layer, we have
performed the simulation work by varying the
thickness of the Cs2Tils-based PSC layer from 100 to
700 nm. The Voc-PCE changes with the thickness of
the Csz2Tile-based PSC are depicted in Fig. 3. Initially,
both Voc and PCE started to rise as the thickness
started to increase from 100 nm. From the figure it is
seen that till 400 nm thickness, there is a clear
increment in the Voc and PCE, but after 400 nm
thickness, there are no significant changes in the Voc,
and PCE is observed. So, the optimized thickness for
the inverted model is 400 nm.

3.3 Effect of Device Temperature

on device
Here, the

The effect of device temperature
performance 1is depicted in Fig. 4.
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temperature of the device is varied from 10 °C to 70 °C.
From this figure, it is clearly visible that up to 30 °C
temperature, the device PCE increases for both the
n-i-p and p-i-n architecture models. After that 30 °C
temperature, the PCE of the device remained almost
constant. The increment in device temperature will
lead to a fall in Voc, and as a result, PCE also started to
decrease slowly. Thus, higher temperature may also
lead to recombination of charge carriers [19-20].
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Fig. 3 — Variation of Voc, PCE with the thickness of the PSC
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Fig. 4 — Effect of temperature on device performance

3.4 Study of External Quantum Efficiency

EQE (external quantum efficiency) is defined as the
number of charges produced due to the complete
incidence of photons [8, 12]. Here, Fig. 5 shows the
EQE plot of the PSC where wavelength is varied from
100 to 1000 nm. From that Fig. 5, it is observed that
the n-i-p model is active up to 1000 nm wavelength,
whereas the p-i-n model is active up to 900 nm. Both
the n-i-p and p-i-n models have optimum EQE at
600 nm wavelength. But the n-i-p model has a slightly
better visible range than the p-i-n model.

301

200 400 600 800 1000

Wavelength (nm)

Fig. 5 - EQE plot of the n-i-p and p-i-n device model
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3.5 Study of Optical Properties

Here, Fig. 6 shows the optical absorption coefficient
plot of the n-i-p and p-i-n structure device. From that
figure, it is clear that at 100 nm thickness both the
device has optimum optical absorption coefficient
(alpha) and after that thickness the optical absorption
coefficient is started to fall. So, much thicker absorbing
layer has low optical absorption coefficient.

1.6x10°
1.2x10°-

8.0x10"

Alpha (cm™)

4.0x10*

0.0

200 400 600 800
Thickness (nm)

Fig. 6 — Absorption coefficient plot of the n-i-p and p-i-n device

3.6 J-V plot of the device

The J-V plot of the n-i-p and p-i-n structure device
under optimized condition is depicted in Fig. 7. The
optimized values of PV parameters are tabulated in
Table 3 and Table 4.

0-
24

2
J,. (mA/cm’)

00 02 04 06 08 1.0
v, (V)

Fig. 7 - J-V plot of the n-i-p and p-i-n device

Table 3 — n-i-p model PV performance

Material | Voc(V) | Jsc(mA/em?) PCE (%) FF (%)
Cs2Tils 0.76 13.69 7.6 76

Table 4 — p-i-n model PV performance

Material Voc (V) Jsc (mA/cm?) PCE (%) FF (%)
Cs2Tils 0.63 14.22 6.7 70

4. CONCLUSION

Our study represents the modelling of an n-i-p and
p-i-n structured device model where Cs2Tils-based PSC
has been used as an absorbing layer. The thickness of
the n-1-p and p-i-n structured device model has been
optimized. The optimized thickness for the n-i-p and p-
i-n structured device models is 500 nm and 400 nm,
respectively, and the optimized device temperature is
30 °C. The optical visible wavelength range for the n-i-p
and p-i-n structured device model is 1000 nm and
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900 nm. All the analysed results suggested that the
n-i-p-based model has better PV performance than the
p-i-n-based model.
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AnaJtis mpogyKTUBHOCTI CTPYKTYPOBAHOTO N-i-p Ta p-i-n IMepPOBCKITHOrO COHAYHOrO0 ejieMeHTa 0e3
cBuHIIO Ha ocHOBi Cs2Tils
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V it poGori mokasaHo po3pobry doroenerkrpuunoi momem PSC ma ocmoBi FTO/TiOy/Cs:Tils/Spiro-
OMeTAD/Au 3 n-i-p crpykryporo ta p-i-n crpyrrypoio Ha ocaoBl FTO/PEDOT:PSS/Cs2Til PCBM/Al. Matepian
PSC, ToBimaa CseTils, TeMmepaTypa IIprCTPOIO Ta OINITHYHA BHIMMICTD JOCTIKYBAJIACSA 38 ONTHUMAJIBHUX YMOB
UL MOJIEJIeH 3 n-1-p Ta p-i-n CTPYKTYPOIO 3a JOIOMOTOI0 CHMYJIATOPA €MHOCTI COHSYHUX €JIEMEHTIB 31 CIIeKTPOM
1,5 — 1 Bumip (SCAPS-1D). Mogesns n-i-p (3Buuaiiua) morasasa, mo PSC ua ocuosi Cs:Tils mae orrrumasbmy
doToeeKTpIYHyY TPOAYKTUBHICTD IpH ToBIMHI 500 HM, e (POTOeJIeKTPHYHA MPOIYyKTUBHICTE 3adiKCOBAHA K
Voc: 0,76 B, Jsc: 13,69 mA/em2, PCE: 7,6 % ta FF: 76 %, a momesb p-i-n (iHBepTOBaHa) Imokasasa, mo PSC ua
ocaoBi Cs:Tils mae HaiiBuiy oroesekTpUyHy MpoayKTHBHICTE mpu ToBimHI 400 HM, ne ¢oToeIeKTpUIHI
impexcu sadikcosani ax Voc: 0,63 B, Jsc: 14,22 mA/em2, PCE: 6,7 % ta FF: 70 %. 3 ixmmoro Goky, sk momem PSC
Ha ocHOBI n-i-p-crpykrypu FTO/Ti02/Cs2Tile/Spiro-OMeTAD/Au, Tar i mogemi PSC ua ocHoOBi p-i-n-crpykrypn
FTO/PEDOT:PSS/Cs:Til¢/PCBM/Al maroTh omTuMasbHy TemiepaTypy mpucrporo Ha piHi 30 °C. Bumuvmin
IIaIa3oH IJIS MOJEJIl 1-1-p Ta IIPHCTPOI0 HA OCHOBI MOMEJ p-i-n CcTaHOBUTH HoBKMHY XBrui 1000 EM ta 900 HM

BIJITIOBITHO.

Kmiouogi cnosa: Cs:Tils, Ileporckir, EQE, PV, Tosmna, PCE.
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