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The pernicious and stability concerns of lead based perovskite solar cells have limited the
commercialization. The lead-free Cesium based double perovskite could be a viable answer to these issues. It
exhibits encouraging optoelectronic properties, high environmental stability and low toxicity. In this present
work a theoretical analysis of Cesium based double perovskite solar cell using Spiro-OMeTAD as hole transport
layer and SnO2 as ETL has been studied. The double perovskite Cs2AgBiBrs has good optical and electronic
features. For this study, a device structure of FTO/SnO2/Cs2AgBiBre/Spiro-OMeTAD/Cu was simulated. The
Solar Cell Capacitance Simulator (SCAPS-1D) was used for one dimensional simulation and analysis. The
optimized active layer of 0.3 um was used for the study. PCE, Vi, Js. and FF were obtained using Spiro-
OMeTAD as HTL and SnO: as ETL. The maximum PCE of 10.6675% and the maximum quantum efficiency of
86.17025% were found at 275 K working temperature. The simulation results obtained in this study are
encouraging. It will provide insightful guidance in replacing commonly used toxic Pb-based perovskite with eco-
friendly, highly efficient inorganic double perovskite solar cell.
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1. INTRODUCTION

The incessant utilization of fossil fuels has drawn
attention to alternative energy resources. Out of many
available renewable energy sources, solar energy is the
most promising and widely preferred [1-5]. In the recent
past, organic-inorganic metal halide perovskite solar cells
have been explored as an alternative to silicon-based
solar cells for improving efficiency and are also preferred
because of low manufacturing cost [6-10]. Lead (Pb)
halide perovskites have excellent optoelectronic
properties but the toxicity of Pb and poor stability are the
principal reasons for not being suitable for commercial
applications [11-16]. Lead-free double perovskites such as
Cs2AgBiBr6 have attractive optical and electronic
properties. In this work, we have considered fully
inorganic Cs2AgBiBr6 as the absorber layer in the lead-
free double perovskite solar cell (DPSC) n-i-p structure.
Spiro-OMeTAD was employed as the hole transport
layer. Fluorine-doped tin oxide and copper were employed
as the front and back contact respectively. The DPSC
structure FTO/ Sn02/Cs2AgBiBr6/Spiro-OMeTAD/Cu
was optimized by applying the wvarious ETLs. The
optimized thickness of the absorber layer, HTL and ETL
were used. All these simulations were performed using
SCAPS-1D.The main purpose of this present work is to
find an efficient and lead-free double perovskite solar
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cell, by studying the effect of working temperature. The
most suitable working temperature for the proposed
device structure has been found without doing any
experimental efforts which takes a lot of resources.

2. METHODOLOGY AND DEVICE
ARCHITECTURE

The theoretical study of the device helps us in
understanding the device mechanism without actual
fabrication. It also gives an outline of the performance of
the device. To study the solar cell device theoretically, we
have used SCAPS-1D solar cell simulation program for
the simulation of our device. This software was developed
by University of Gent, Belgium in 2000 and is freely
available now [16-19]. The SCAPS program facilitates the
modeling of planar as well as graded device structures up
to seven layers and it has also the capability of
computing the band alignment diagram, current-voltage
characteristics, quantum efficiency, recombination and
generation currents and other important parameters of
the device. The SCAPS-1D is a one dimensional solar cell
simulation program based on three coupled differential
equations, namely Poisson’s equation, the continuity
equation for the electrons and the continuity equation for
holes as follows:
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Here, D is diffusion coefficient, ¥ is electronic
potential, q is electron charge, G is generation rate, & is
permittivity, and n, p, n:;, and p: are free holes, free
electrons, trapped holes, and trapped electrons,
respectively. Na~ refers to ionized acceptor like doping
concentration, and Nd* stands for ionized donor-like
doping concentration.

In the present work, we have studied a conventional
planar n-i-p device structure with lead free fully
inorganic double perovskite Cs2AgBiBrs as the absorber
layer, Spiro-OMeTAD as the hole transport layer,

different ETLs (SnOg2, TiO2, ZnO-NR and CdS), fluorine
doped tin oxide (FTO) and copper (Cu) as the front and
back contacts respectively. The schematic of the device
structure FTO/ETLs/Cs2AgBiBre/Spiro-OMeTAD/Cu has
been shown in Fig. 1.
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Fig. 1 — Device Structure used for Simulation

The physical parameters of the material like bandgap
(Eg), electron affinity (y), dielectric permittivity (¢,
conduction and valence band density of state (Ne and Ny),
electron and hole thermal velocities (ve and vz), acceptor
and donor density (N4 and Np) and defect density (/V;) are
employed as the input parameters for the device
simulation. These all parameters have been taken from
the theoretical and experimental reported works and are
given in Table 1 and 2 [16-20].

Table 1 — SCAPS 1-D input material parameters [8-11]
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CB effective
density of states|2.2E+18(2.2E+19
(N, cm -3

1.0E+16 2.2E+18

VB effective
density of states|1.8E+19(1.8E+19
Vo), cm 3

1.0E+16 1.8E+19

Electron
mobility
cm2V-lg-1

(un),|20 2.0E-4 11.81 100

Hole  mobility

(), om?V - 151 | 10 2.0E-4 0.49

2.56E-1

Donor  density

(N2 om - 1.0E+18|0

1.0E+19 1E+17

Acceptor density

(N, e 0 1.0E+18

1.0E+19 0

Defect Density

(V). em-? 1.0E+15|1.0E+14
t), ©

9.1E+16 1E+15

Parameters Window |HTL Absorber ETL
Layer |(Spiro- Layer (SnO2)
(FTO) |OMeTAD) |(Cs2AgBiBre)

Thickness, pm 0.2 0.3 0.3 0.3

Bandgap  (E9),|3 3.0 2.05 3.6

eV

Electron affinity

(), eV 4.4 2.45 4.19 4.4

Relative

Permittivity (&) 9.0 3.0 5.80 9

3. RESULT AND DISCUSSION

In this work, we have used SnO:z as the ETL layer for
the simulation of DPSC. The energy band alignment
diagram is shown in Fig. 2. This work focuses on to promote
a lead free double perovskite solar cell structure with Spiro-
OMeTAD as the HTL. Along with the J-V characteristics,
effect of some fundamental parameters such as band gap,
electron affinity, dielectric permittivity, electron affinity,
dielectric permittivity, electron and hole mobility has also
been observed using SnOz as the ETL. The optimum values
of parameters are based on reported literatures [5-10] which
are summarized in Table 1.
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Fig. 2 — Energy band alignment
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Fig. 3 — J-V curves at different working temperatures
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Table 2 — Working temperature effect on PCE

Workin

tempera turi ® Jse (mA/em?) PCE (%)
275 3.44031 10.6675
280 3.43946 10.5921
285 3.43854 10.5145
290 3.43755 10.4281
295 3.43648 10.3318
300 3.43532 10.2362
305 3.43406 10.1363
310 3.4327 10.0245
315 3.43124 9.9085
320 3.42966 9.7918
325 3.42797 9.6614
330 3.42614 9.532

The working temperature has a significant impact on
the photovoltaic device performance. The performance of
photovoltaic cells was reduced as a result of the increased
heating in a solar cell due to sunshine. We choose a
temperature range of 275 to 330 K for our study. Fig. 3
shows the simulation result of J-V characteristic curves
affected by the working temperature. The higher
temperatures affect the material carrier concentration and
band gaps. Also, the electron and hole motilities are affected
by the increased temperature. As a result the efficiency of
the solar cell decreases with rise in temperature. Saturation
current in reverse dJo is temperature dependent and as a
result Vo drops as the temperature rises. As the
temperature rises, the reverse saturation current decreases
and this drop in current is the main source of the fall in Vi,
as can be inferred from Eq. 4 [17-20].

Je(V) = Jolexp(qV,e/kpT) — 1] (4)
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Fig. 4 — QE curves at different working temperatures

Table 3 — Working temperature effect on QE

Maximum QE at 390 nm

Working temperature (K) wavelength (%)

275 86.17025
280 86.16888
285 86.16668
290 86.16347
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295 86.15952
300 86.1547
305 86.14913
310 86.14283
315 86.13548
320 86.12736
325 86.11875
330 86.10946

The greater working temperature provides more
energy to electrons. These electrons are more likely to
recombine with the holes before reaching the depletion
area. The PCE of a cell diminishes as the temperature
rises and the Js also decreases as shown in Fig. 3. From
Fig. 4, we find the maximum quantum efficiency of
86.17025% was found at around 390 nm wavelengths and
at 275 K working temperature. The Table 3 summarizes
the maximum QE at 390 nm wavelength. It can clearly
be observed from Table 2 that the DPSC has the best
performance when the working temperature is 275 K. So
the device can be used especially in cold regions.

4. CONCLUSION

For the justification of our proposed model, simulation
has been done for lead free DPSC structure using
SCAPS-1D. The simulations of lead-free double
perovskite Cs2AgBiBrs based solar cell having Spiro-
OMeTAD as the hole transport layer and SnO:2 as the
ETL material have been used. From the simulations, it
has been deduced that J-V characteristics of the DPSC
model have indicated high-efficiency performance. The
best performance has been achieved for the lead free
DPSC at 275 K (Js = 3.44031 mA/ecm?2, PCE = 10.6675%,
QE = 86.17025%). Simulations have been done to analyze
the effects of electrical parameters on lead free double
perovskite Cs2AgBiBre based solar cell. From the results
of the simulations, it can be summarized that
FTO/Sn02/Cs2AgBiBre/Spiro-OMeTAD/Cu  lead  free
DPSC structure is a potential alternative for solar cell
which can be reasonably efficient and inexpensive. Since
the DPSC has the best performance when the working
temperature is 275 K, therefore the device can be used
especially in cold regions. For further improvement of
performance, effects of the defect state of the interface
defect layer, effect of density of state on the absorber
layer and effect of different back contacts need to be
studied. Experimental studies are also needed for
extensive investigation regarding our proposed lead free
double perovskite solar cell (DPSC) structure.
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JociigxeHHsa BILINBY TeMIOepaTypu Ha 0€3CBUHIIEBUI MOABINHUI IIE€POBCKITHUIM COHAIHUN
eJIeMeHT Ha OCHOBI 1nesiro 3a nonomoromo SCAPS-1D

S. Das, S. Narzary, K. Chakraborty, S. Paul

Advanced Materials Research and Energy Application Laboratory (AMREAL), Department of Energy Engineering,
North-Eastern Hill University, Shillong-793022, India

IIpoGiiemu cTaGlIFHOCTI HEPOBCKITHUX COHAYHUX 0aTapeidl HA OCHOBI CBHHII OOMEYKIJIN KOMEPIliaJIi3alliio.
TloxBiiiHmiT MEPOBCKIT Ha OCHOBI 113110, 110 HE MICTUTHh CBUHIIIO, MOYKE CTATH YKHTTE3TATHOI BIAIOBLIII0 HA Il
mpobsiemu. BiH meMoHCTpYe Bpaskaodi ONTOEJIEKTPOHHI BJIACTHBOCTI, BUCOKY €KOJIOTIUHY CTAOLIBHICTD 1 HU3BKY
TOKCHYHICTE. ¥ I poOoTi 0yJI0 BUBYEHO TEOPETUYHMI AHAJII3 ITOABIMHOIO IIEPOBCKITHOIO COHAYHOIO €JIEMEHTA
Ha OCHOBI Iesito 3 BuropmcraHHAM Spiro-OMeTAD sar mapy rtpamcmopryBamHsa mipok 1 SnO: ax ETL.
Tlongittanit neposckit Cs2AgBiBrs mae xopomrni onTuyHi Ta eeKTpoHHI BiactuBocTi. JJst 1iboro mocimxeHHs
Oyna 3mogmesiboBaHa crpykrypa mnpuctpono FTO/SnO2/Cs2AgBiBre/Spiro-OMeTAD/Cu. Cumysisitop eMHOCTI
coussuamux Oarapeit (SCAPS-1D) BuropmcToBYBaBCS I OJHOBUMIDHOIO MOJEJIIOBAHHA Ta aHamay. Jmsa
JIOCITIPKEHHS BUKOPUCTOBYBaBCs onTuMizoBaumii aktTusaui 1map 0,3 mm. PCE, Vi, Js 1 FF G6ynu orpumani 3
Bukopucraaam Spiro-OMeTAD sk HTL i SnO: ax ETL. Makcumansuuit PCE 10,6675% 1 maxcumasibHA
KBaHTOBA epeKTuBHICTE 86,17025% Oyiiu 3HaimeH] mpu pobouiit temmepartypi 275 K. Pesynbrati MonesoBaHHs,
OTpUMAHI B I[HOMY JOCJIJPKeHHI, € oOHaMiiInBuMu. BiH HamacTh TyimOOKI BKA3IBKM IMOJ0 3aMIHU 3a3BHYAN
BHUKOPHCTOBYBAHOTO TOKCHYHOIO IIEPOBCKITY Ha OCHOBI Pb eKOJIOTIYHO YHWCTHMU, BHCOKOCEKTHUBHIMU
HEOPTaHIYHUMM MOIBIAHUMY ePOBCKITHUMY COHSIYHUMU €JIEMEHTaAMU.

Kmiouosi cnosa: SCAPS-1D, IMToxsitiauit meposckit, @oroenexrpruni snacrusocri, ETL, HTL, QE, PCE, FF.
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