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Abstract— Perovskite Solar Cell based on lead causes
damage to the health of all the living organisms due to its
toxic behaviour. So, Tin based Perovskite Solar Cell are
preferred, simulated and analysed. This paper represents the
effect of different parameters on Tin Halide Perovskite Solar
Cells output parameters when different inorganic Hole
Transport Material Layers viz. Cu,0, CuSCN and Cul are
used. Based on the simulations done using one dimensional
device simulator, it has been observed that optimised doping
concentration, thickness, Total Density of the interfaces,
Defect density, Electron affinity of Absorber, Electron
Transport Material and Hole Transport Material results in
enhanced output parameters like Fill factor, Output Voltage,
Current Density and Power Conversion Efficiency. It has
been analysed that for the proposed efficient design of Tin
Halide Perovskite Solar Cells Power Conversion Efficiency
of 23.93 percent, Current Density of 34.34 mA per sq. cm,
Fill Factor of 87.1 percent and Output Voltage 0.8V have
been achieved using Cu,0 as Hole Transport Material Layer
where as the results obtained using CuSCN with Power
Conversion Efficiency of 23.92 percent, Current Density of
34.33 mA per sq. cm, Fill Factor of 87.85 percent and
Output Voltage 0.79V are also competent enough to be used
as Hole Transport Material with lead free Perovskite
material.
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I INTRODUCTION

The conventional sources of energy like fossil fuels, coal,
Natural Gas and petroleum cannot fulfil our growing energy
requirements and moreover these non renewable sources of
energy cause pollution and can be depleted easily with the
current pace of growing energy consumption but recovery of
fossil fuels take large number of years. So, renewable
sources are required nowadays which are available in
abundance that can not only be renewed but are also
pollution free. Harvesting solar energy with the help of Solar
cells is a renewable source of energy [1]. These are non
conventional sources of energy which can be produced from
different types of sources like sun, wind, rain, water and
tides. Generation of electric energy from solar energy is a
topic of great interest nowadays. Minimum Power uitilistion
is desirable so there is a need to enhance Power Conversion
Efficiency (PCE) [2]. The third generation solar cells,
Perovskite Solar Cells (PSC) has caused significant
enhancement of PCE from 3.8% in 2009 [3] to 22.1% in
2016 [4]. The study of power generation from PSC is
valuable.

II.  SOLARCELLS

For generation of electric energy solar cells are very
beneficial [5]. Devices that transform Solar Energy directly
into electricity through photovoltaic effect are called Solar
Cells [5]. Based on photovoltaic technology First Solar Cells
were developed in 1888 [6]. Solar cell panels are the Solar
Cell Modules which consists of assemblies of Solar Cells to
harness Sunlight generate Solar Energy [5]. Solar Cells
embedded in the Solar panel absorb sunlight in the form of
photons [5]. When the band gap of Solar Cell material
matches with the energy of photons which means photons
are absorbed to generate free electrons which leads to the
formation of electron hole pair [5]. On n-type side electrons
are generated which move to p-type semiconductor-metal
contact where the electrons recombine with holes to
generate electron-hole pair [5]. There is a special formation
of solar cells in which electrons are permitted to move only
in single direction to generate Direct Current [5]. Satellites,
remote site water pumping, lighthouses, calculators,
watches,  cameras, light meters and  outback
telecommunications stations are the applications of Solar
Cells. Based on the generation of solar Cells Perovskite
solar cells which is third generation solar cells are analysed
and simulated using one dimensional device simulator
because of their potential of generating high efficiency at
low production costs, easy handling and tuning capability.

A. Perovskite Solar Cells (PSC) as Third generation Solar
cell
PSC is the Technology i.e. emerging at extremely high pace
due to its efficiency enhancing capability from 3.8% in 2009
[3] to 22.1% in 2016 [4]. Perovskite Solar Cells contain
Perovskite Structured Compound which is made up of lead
or tin halide based material. This is used because of its
accessibility in production, its low cost in production and
high PCE. PSC is a good light harvester due to its significant
features such as ideal band gap, broad absorption spectrum,
and good carrier transport mechanism, ease of fabrication on
the flexible substrate and tunable band gap and long
diffusion length [7]-[12]. PSC ancillary perceives
enthralling applications in photo-detectors, water photolysis
and radiation detection [13]. Photovoltaic innovation to
generate materials based PV operation and devices can be
acquired using PSC [13]. Absorption coefficient of PSC is
high which results in increase in the amount of light
absorbed by the solar cell is also increased that leads to
increase in the amount of charge carriers generated by the
photons which results in reduction in energy loss and
increase in the number of carriers in the electrodes [14].
Absorption coefficient of PSC is quit high that results in
absorption of complete visible solar spectrum by the ultra
thin films around 500nm [15]. Inclusion of Perovskite
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material, which can be generated in laboratories, into solar
cells was first outlined in 2009 [16]. In 2015 PSC with 21%
efficiency where as in 2016 efficiency of PSC have reached
up to 22.1% [16].

B. Lead free PSC based on Tin Halide

PSC based on lead are injurious to all living organisms due
to toxic nature lead, which dissolves in water bodies and
spread its toxicity. This leads to harmful effects not only to
the aquatics but also the plants which grow on the toxic soil
resulted from mixture of toxic water consisting of lead. This
toxic water when consumed by humans causes various
health related issues such as increased blood pressure,
abnormal functioning of kidney and decrease in
haemoglobin level. Tin Halide based PSC are harmless and
more sustainable as compared to lead halide based PSC
because Sn?* gets oxidised to Sn** metal oxides which are
toxicologically inactive [17].

C. Tin Halide based proposed Design Structure

Fig 3 shows layered architecture for Tin Halide PSC for the
proposed design i.e. Glass Substrate/TCO/TiO2 (buffer)
(ETM)/ CH3;NH;Snl; (Absorber)/(Cu, O/ CuSCN/ Cul)
(HTM)/Metal back contact and Fig 4 shows the structure
generated for the proposed design using one dimensional
device simulator. Sun light or Photons are allowed to strike
the Glass Substrate Material on the right contact which is the
Front side and these photons are passed through the
transparent conductive oxide (TCO). Electron Transport
Material (ETM) Layer, placed after TCO is made from
Titanium Oxide i.e. n-type of Perovskite material and
consists of electrons for conduction. Absorption Layer made
up of CH;NH;Snl; i.e. intrinsic type of Perovskite material
is placed after ETM. Hole Transport Material (HTM) Layer,
placed after Absorption Layer is made from Copper Oxide
material and consists of holes for conduction. Metal back
contact is used at the last on the left side which is connected
to the voltage supply. Interfacing layers ETM/Absorber and
HTM/Absorber are also added to get enhanced output
parameters.

Metal Contact ( Silver/ Iron/ Copper/ Gold/ Nickel/
Platinum)

Hole Transport Material (Cu, 0/ CuSCN/ Cul)

HTM/Absorber Intrinsic layer 2

Absorber (' Tin Halide based Perovskite material)

ETM/Absorber Intrinsic layer 1

Electron Transport Material ( Titanium Oxide)

Glass Substrate

Truren

Fig 1. Layered architecture of Tin Halide based PSC

1. PROPOSED DESIGN PARAMETERS AND
SIMULATION

Doping concentration, thickness, Total Density of the
interfaces, Defect density, and Electron affinity of Absorber,
Electron Transport Material and Hole Transport Material are
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the parameters which are focused to analyse best optimised
output parameters using control variable method. Table 1
shows initial parameters for the proposed design. Based on
these initial parameters Current Density — Voltage (J-V)
characteristics of PSC in Fig 1 and 2 are analysed. Initially
Power Conversion Efficiency of 13.52%, Current Density of
21.319 mA per sg. cm, Fill Factor of 79.28% and Output
Voltage 0.8V are the acquired output parameters when Cu,0
isused as HTM .

HitiH

left contact right contact

———— back front

Fig 2. Pictorial representation of Proposed Structure

V. Results and Discussions
A. Effect on Band Diagrams

Fig 3 shows the band diagrams generated for the proposed
design using different HTMs among which Band gap of
Cu, 0 < Band gap of Cul < Band gap of CuSCN. Larger will
be the Band Gap more will be the requirement of photonic
energy to excite the electrons from Valence Band (VB) to
the Conduction Band (CB) and vice-versa. As a result for
the HTM with smaller Band gap electrons can easily cross
the barrier potential to reach the CB even for small photonic
energy. Energy of photons should be more than the Band
gap energy of the material for the excitation of electron from
VB to CB. But if the Band Gap is too much narrow more
electrons will cross the barrier potential resulting in
increment in the recombination rate will leads to degradation
in the performance in terms of output parameters. On the
band diagram graph the defect level energy of the defects
persisting and the transition energy of meta-stable defects
are depicted. Energy E, is evaluated in case the defect has an
energy distribution (e.g. GauP or CB tail). Defect level
occupation is depicted on the occupation probability graph.
The ‘occupation with electrons’ represents the fraction of
defects in the acceptor configuration for a meta-stable defect
transition and the ‘occupation with holes’ the fraction of
defects in the donor configuration. The occupation of
several (typically 7) sublevels in this distribution is depicted
when the defect has an energy distribution (uniform, GauB,
tail).

B. Effect of thickness of absorber layer

Thickness of the Absorber Layer affects solar spectrum
response on which efficiency depends. Performance of solar
cell is affected by thickness of absorber layer. Thickness of
absorber layer is varied and it is observed that the optimum
thickness of Absorber layer i.e. 750nm in which efficient
results are obtained with high PCE for Tin Halide PSCs
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because in the presence of light absorber layer charge
recombination behaviours will become dominant because of

large defect density.

TABLEL. Different HTMs and the proposed design parameters

Parameters TCO[19] | TiO2 CH;NH;Snl;
(buffer) (Absorber) [19]
[19]

Cu,0 [HTM] | CuSCN [HTM] [ Cul [HTM]
[18] [18] [20]

Thickness 500 30 350 (variable)
(nm)

350 350 350

Band gap | 3.5 3.2 1.3
(eV)

2.17 3.4 3.1

Electron 4 4.26 417
affinity x
(eV)

3.2 21 2.1

Relative 9 9 8.2
permittivity
Er

7.1 10 6.5

Effective 2.20e+18 | 2e+18 1le+18
conduction
Band Density
N¢ (cm3)

2.5e+18 2.5e+18 2.5e+18

Effective 1.8e+19 1.8e+19 le+18
valence band
density Ny
(cm™)

1.8e+19 1.8e+19 1.8e+19

Electron 20 20 1.6
mobility
(cm?/V/-s)

2e+2 2e-4 44

Hole 10 10 1.6
mobility
(cm?/V-s)

8e+2 100e-2 44

Shallow 0 0 3.2e+15
uniform
acceptor
density, Na
(L/emd)

9e+21 1le+18 3e+18

Shallow 2e+19 le+16 0
uniform
donor density
Nb (1/cm?)

Defect le+15 le+15 4.5e+17
density N
(cm?)

le+14 le+14 le+14

Current density increases with increasing thickness but
thicker absorber layer will absorb more photons that results
in more electron-hole pair creation. Chances of
recombination increase as longer distance is travelled by the
charges for diffusion with thicker absorber layer. There is
decrease in efficiency with increase in thickness at certain
point. Recombination rate enhances with increasing

thickness which leads to reduction in output voltage hence
there is reduction in efficiency. Absorber layer thickness
should be selected such that its thickness is less than
diffusion length of excess charge carriers. Up to certain
absorber thickness output voltage remains high after that
there is reduction in fill factor with increasing absorber
thickness leading to internal power consumption.
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TABLE2. Parameters for interface defect and the defect in the absorber and HTM

Parameters and units Absorber [19] HTM [18] ETM/Absorber HTM/Absorber
interface [19] interface [19]
Defect type neutral neutral neutral Neutral
Capture cross section for 2e-14 le-15 le-15 le-15
Electrons (cm?)
Capture cross section 2e-14 le-15 le-15 le-15
holes (cm?)
Energetic distribution Gaussian single single Single
Energy level with respect 0.65 1 0.6 0.6
to Ey (above Ey , eV)
Characteristic energy 0.1 - - -
(eV)
Total Density (1/cmq) le+14 le+14 le+17 le+17
uniform
Table 2 shows initial parameters for defects in the Absorber, halide based PSC which leads to red shift in Quantum
HTM and the two interfaces as depicted in Fig 3. Tin halide Efficiency (QE) to 950nm in Tin halide based PSC which
based PSC has narrower band gap as compared to lead results in increased absorption in at infrared wavelengths.
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Fig 3. Band Diagrams generated for the proposed design when different HTMs (a) Cu,0 (b) CuSCN (c) Cul are used
Fig 4 shows Current density Vs Voltage (J-V) Curve for the CuSCN (c) Cul are used for the best optimised design.
proposed design when different HTMs (a) Cu,O0 (b) Maximum Current density is achieved for the proposed

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING
A UNIT OF 120R 1248 |[Page



IJRECE VOL. 6 ISSUE 2 APR.-JUNE 2018 ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

design when Cu,O is used as HTM which is 0.087% better For Cul there is sharp increase for the initial voltages in
than the referred design [19]. Current density obtained when Current density as shown in Fig 4 (c) as compared to other
CuSCN and Cul are used as HTM are also competing with two HTMs in which gradual changes are depicted for initial
Cu,0 as HTM with minor differences as shown in Table 3. voltages.
Current Density Current Density
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Fig 4. J-V Curve for the proposed design when different HTMs (a) Cu,0 (b) CuSCN (c) Cul are used

C. Effect of defect density on the Interfaces and absorber The optimised value of the defect density of the interfaces

achieved is 1e+10 per cubic cm. Possibility of taking part in
It has been observed that there is negligible effect on reverse saturation current increases with increase in number
efficiency till the defect density is below 1e+12 per cubic of holes in the absorber layer. Hence there is decline in open
centimetre. There is decrease in efficiency when defect circuit voltage this leads to low electric conversion
density exceeds above 1le+12 per cubic centimetre. efficiency.

Recombination rate increases with increasing defect density.
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Quantum Eficiency
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Fig 5. QE Curve for the proposed design when different HTMs (a) Cu,0 (b) CuSCN (c) Cul are used

Fig 5 shows Quantum Efficiency (QE) Curve for the
proposed design when different HTMs (a) Cu,O in which
best results are obtained for wavelength range 360-660nm

wavelength range 360-660nm (c) Cul in which best results
are obtained for wavelength range 360-650nm are used for
the best optimised design.

(b) CuSCN in which best results are obtained for
TABLE3. Comparison Table
Output Referred design Proposed design Proposed design Proposed design model
parameters model [19] model for Cu,0O model for CuSCN for Cul [HTM]
[HTM] [HTM]
Fill Factor 79% 87.1% 87.85% 85.11%
Output 0.92v 0.8V 0.793 0.8008
Voltage
Current 31.59 34.34 34.33 34.326
Density in
mA per sq.
cm
PCE 23.36% 23.93% 23.92% 23.39%

Table 3 shows Best Output optimised Parameters obtained
for the proposed design model when different inorganic

V. CONCLUSION

In this paper theoretical Simulation and Analysis of Tin
halide Perovskite Solar Cells (PSC) different inorganic Hole
Transport Material (HTM) viz. Cu,0, CuSCN and Cul is
done using one dimensional device simulator. The study
reveals that Cu,0 as HTM achieves highest PCE, but FF is
less as compared to CUSCN as HTM for the proposed design
whose efficiency is nearly comparable to Cu,O for Cul as
HTM, output voltage is enhanced but other output
parameters are degraded as compared to other 2 HTM
materials for the proposed design. Quantum efficiency
reaches to its maximum value for wavelength range 360nm-
660nm when Cu20 or CuSCN are used as HTM whereas
when Cul is used as HTM, wavelength range is 360nm to
650nm. This is theoretical data gathered using simulation
which can be used experimentally to design highly efficient
Tin Halide based PSC which will be more sustainable to the
environment as compared to Lead Halide based PSC.

VI. REFERENCES
[1] S. Sharma, “Wireless Power Generation in Sustainable
Technology” IJRECE Vol. 5 Issue 4, pp. 10-14 oct.-dec. 2017.

HTMs are used when compared with Referred design model
[19]. Simulations are done using SCAPS-1D [21].

[2] S. Sharma, R. Mehra, “Design, Simulation and Comparative

Analysis of CMOS Ripple Carry Adder” IJRECE VOL. 6

Issue 2, pp. 694-700 apr.-june 2018.

A. Kojima, K. Teshima, Y. Shirai and T. Miyasaka, 2009 J.

Am. Chem. Soc. 1316050

NREL chart2016http://www.nrel.gov/ncpv/images/efficiency

chart.jpg

R. Swami, “Solar Cell”, International Journal of Scientific and

Research Publications, Vol. 2, Issue 7, pp. 1-5, 2012.

Gevorkian, Peter, “Sustainable energy systems engineering:

the complete green building design resource”. McGraw Hill

Professional. ISBN 978-0-07-147359-0 (2007).

Q. Dong, Y. Fang, Y. Shao, P. Mulligan, J. Qiu, L. Cao, J.

Huang, “Electron-hole diffusion lengths 175 mm in solution

grown CH3NH3 PbI3 single crystals”, Science, 2015;

347(6225):968-70. Crossref

Y. Chen, J. Peng, S. Diging, X. Chen, Z. Liang. “Efficient and

balanced charge transport revealed in planar perovskite solar

cells”. ACS Applied Materials and Interfaces. 2015;

7(8):4471-5. Crossref

Y.C. Hsiao, T. Wu, M. Li, Q. Liu, W. Qin, B. Hu,

“Fundamental physics behind high-efficiency organo-

metalhalide perovskite solar cells”. Journal of Material

Chemistry A. 2015; 3(30):15372-85. Crossref

[10] S. Luo, W.A. Daoud. “Recent progress in organic-inorganic
halide perovskite solar cells: Mechanisms and material

3]
[4]
[5]
[6]

[7]

[8]

0]

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

1250 | Page


https://books.google.com/books?id=i8rcHsOfPScC
https://books.google.com/books?id=i8rcHsOfPScC
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-07-147359-0

IJRECE VOL. 6 ISSUE 2 APR.-JUNE 2018
design”. Journal of Material Chemistry A. 2015; 3(17):8992—
9010. Crossref

[11] G.T. Mola, “Enhanced photon harvesting in OPV using
optical reflective surface”, Applied Physics. A, Materials
Science and Processing. 2015; 118(2):425-29. Crossref

[12] G. Tessema, “Charge transport across bulk-heterojunction
organic thin film. Applied Physics”, A, Materials Science and
Processing. 2012; 106(1):53-7. Crossref

[13] C. Devi, R. Mehra, “Deep insights into the advancements and
applications of Perovskite based photovoltaic cells” Journal of
Energy Chemistry 27, pp. 753-763, 2018.

[14] N. Kour, R. Mehra, “Recent Advances in Photovoltaic
Technology based on Perovskite Solar Cell- A Review”
International Research Journal of Engineering and
Technology (IRJET) ISSN: 2395-0056 Volume: 04
Issue: 07 pp. 1284-1296 | July -2017

[15] W.J. Yin, T. Shi, Y. Yan "Unique Properties of Halide
Perovskites as Possible Origins of the Superior Solar Cell
Performance”. Advanced Materials. 26 (27): 4653-4658 (15
May 2014).

[16] A. Kojima, K. Teshima, Y. Shirai, T. Miyasaka,
"Organometal Halide Perovskites as Visible-Light Sensitizers

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

for Photovoltaic Cells". Journal of the American Chemical
Society. 131 (17) (May 6, 2009).

[17] A. Abate, “Perovskite Solar Cells Go Lead Free”, Joule 1,
659-664, 2017 Elsevier Inc December 20, 2017.

[18] F. Anwar, R. Mahbub, S. Sarwar Satter, and S.M. Ullah,
“Effect of Different HTM Layers and Electrical Parameters on
ZnO Nanorod-Based Lead-Free Perovskite Solar Cell for
High-Efficiency Performance”, Hindawi International Journal
of Photoenergy, 2017.

[19] H.J. Du(kt£#), WC. Wang(EF3#4), and J.Z. Zhu(ARHE59),
“Device simulation of lead-free CH3NH3SnI3 perovskite
solar cells with high efficiency”, Chin.Phys.B Vol.25, No.10,
pp. 108802-(1-8), (2016).

[20] G.A. Casas, M.A. Cappelletti, A.P. Cédola, Bernabé.Mari.
Soucase, E.L.P. y Blanc4, “Analysis of the power conversion
efficiency of perovskite solar cells with different materials as
Hole-Transport Layer by numerical  simulations”,
Superlattices and Microstructures (2017)

[21] M. Burgelman K. Decock, A. Niemegeers, J. Verschraegen,
S. Degrave , SCAPS manual, Version: 4 may 2018.

Shiva Sharma: Shiva Sharma received her B.E. degree in Electronics and Communication Engineering from
Chandigarh University in 2016. She has worked as an AGD developer in Hewlett Packard Enterprise which is
currently known as EIT Services India Private Limited in Bangalore, India from 19" September 2016 to 28™
April 2017. She is currently pursuing her M.E. degree in ECE from NITTTR Chandigarh in Regular Batch
(2017-2019). She has 2 papers to her credit in International Journal of Research in Electronics and Computer
Engineering (IJRECE).

Dr. Rajesh Mehra: Dr. Mehra is presently Head of Electronics and Communication Engineering Department
at National Institute of Technical Teacher Training & Research, Chandigarh, India. He has received his Doctor
of Philosophy and Masters Degree in Electronics & Communication Engineering from Punjab University,
Chandigarh, India. Dr. Mehra has completed his Bachelor of Technology from NIT, Jalandhar, India. Dr.
Mehra has 22 years of Academic Experience along with 10 years of Research Experience. He has nearly 500
publications in Refereed Peer Reviewed International Journals and International Conferences. Dr. Mehra has
guided more than 100 PG scholars for their ME thesis work and also guiding 03 independent PhD scholars in
his research areas. His research areas include VLSI Design, Digital Sighal & Image Processing, Renewable
Energy and Energy Harvesting. He has authored one book on PLC & SCADA.Dr. Mehra is senior member

IEEE and Life member ISTE.

Neha Thakur: Neha Thakur has received her B.E. Degree in Electronics and Communication Engineering from Himachal

Pradesh Technical University in the year 2015 and pursuing ME in ECE Engineering from Panjab University
(2016-2018) from National Institute for Technical Teachers Training and Research, Chandigarh. Her current
research areas include VLSI design, Energy and Renewable sources, Nano electronic devices and Solar Cells.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF 120R 1251 |Page



