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 
Abstract: Utilization of Tin Halide as an absorber in 

Perovskite solar cells is immensely recognized as a substitute of 
lead halide absorber because of lead material’s toxicity. Also, 

Tin halide based Perovskites possess a potential for higher 
quantum efficiency because of their enhanced light absorption 
capability due to the wide-ranging absorption spectrum in the 
visible region with a comparatively lower bandgap of 1.3 eV 
than lead-based Perovskites. In the present work, glass/ 
transparent conductive oxide (TCO)/ titanium dioxide (buffer)/ 
tin halide Perovskite (Absorber)/ cuprous thiocyanate (HTM)/ 
Metal back solar cell structure has been designed and simulated 
by SCAPS software which yields Power Conversion Efficiency 
(PCE) of 28.32% and Fill Factor (FF) of 85.17%. The effect of 
total defect density, thickness, Valance Band Effective Density 
of States (VBEDS) and Conduction Band Effective Density of 
States (CBEDS) for an absorber layer has been analyzed. It has 
been observed that VBEDS variation has achieved PCE and FF 
to a significant extent i.e. up to 32.47% PCE and 85.86% FF. 

Keywords: Recombination, Absorber, Solar Cell, Simulation.  

I. INTRODUCTION 

 Energy demands have increased drastically. Relying 

on nonrenewable sources of energy is not an optimum 
solution to meet the growing energy demands. To fulfill the 
basic electric energy requirements solar cells with high Power 
Conversion Efficiency (PCE) and Fill Factor (FF) are 
desirable to get maximum output electric power from input 
received solar power. Perovskite solar cells, belonging to 3rd 
generation with a 3.8% efficiency record in 2009 which has 
hiked to 22.7% in 2017 [1] and 27.3% in 2018 [2] and is still 
on incremental stage with an unforeseeable upper limit. Out of 
two types of Perovskite materials viz. lead halide based 
Perovskites (CH3NH3PbX3) and tin halide based Perovskites 
(CH3NH3SnX3) (X=Br, I, Cl), Lead halide based Perovskites 
(CH3NH3PbX3) are malignant 
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for the environment as it is composed of toxic element Pb. On 
the contrary, Tin Halide based Perovskites (CH3NH3SnX3) 
has greater quantum efficiency (QE) yielding ability due to its 
wide-ranging spectrum in the visible region with a 
comparatively lower bandgap of 1.3 eV [3]. This work 
proposes Tin Halide Perovskite Solar Cell design with glass/ 
transparent conductive oxide (TCO)/ TiO2 (Buffer)/ 
CH3NH3SnI3 (Absorber)/ CuSCN (HTM)/ Metal Back. The 
effect of input parameters viz. thickness, Valance Band and 
Conduction Band Effective Density of States of CH3NH3SnI3 
Absorber has been inspected. It has been observed that the 
variation of VBEDS yields higher FF and PCE by simulation 
using SCAPS-1D. 

II. PROPOSED TIN HALIDE PEROVSKITE SOLAR 

CELL STRUCTURE 

Tin Halide Perovskite solar cell (THPSC) device design is 
presented in Figure 1 which depicts arrangement of different 
material layers viz. glass/ TCO (transparent conductive 
oxide)/ TiO2 (buffer) (ETM)/ CH3NH3SnI3 (Absorber)/ 
CuSCN (HTM)/ Metal back for the proposed design. Its 1-D 
numerical simulation and analysis have been made using 
SCAPS-1D software [4-13]. 
Photons are made to enter the Glass Substrate Material and 
passed through the transparent conductive oxide (TCO). 
Being a mesoporous layer, a pathway is provided by TiO2 for 
the movement of electrons from the Perovskite layer. 
Perovskite layer acts like an absorber layer which acts as an 
intermediating layer between the electron transport material 
layer (ETM) and hole transport material layer (HTM). The 
light is absorbed by Perovskite material to generate excited 
photoelectrons which are injected into the TiO2 (ETM). 
There is p-type CuI, HTM Layer, placed after Absorption 
Layer, HTM layer is made from CuI material and holes for 
conduction. The CuI (HTM) transports holes from a counter 
electrode (made from Silver or other metal which are 
deposited on HTM via thermal evaporation) and separates 
charges.  Electrons and holes are then generated. Holes are 
infused into HTL whereas Electrons are interjected into an 
ETL. Movement of electrons towards the surface of 
photo-electrode through the TiO2 molecules creates an 
electrical current. In the external circuit, counter electrode 
excerpts charge carriers via TCO. 
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Fig. 1. THPSC Design Configuration. 

 

Fig. 2. THPSC Proposed Design. 

Tin Halide Perovskite Solar Cell (THPSC) proposed design 
is depicted in figure 2. This structure is illuminated from 
right and voltage is applied from the left contact. 

III. NUMERICAL SIMULATION 

To simplify the understanding of solar cell's basics 
numerical modeling is used which helps in determining 
major parameters; SCAPS-1D software [6] numerically 
solves the 1-dimensional equation that governs the 
semiconductor material under steady-state condition. 
The equation relating space charge density (ρ) and the 
electric field of p-n junction (E) is given by poison's 
equation:   



Where, electrostatic potential is denoted by ψ, elementary 

charge is q, static relative permittivity of the medium is , 

density of ionized acceptors (donors) is ( ), 
hole(electron) density is p(n) and Ndef represents the density 
of possible defects (Donor or Acceptor) [14,15].  
Continuity equation of hole and electron in steady-state are 
mentioned below as: 

           (2) 

          (3) 

Hole, electron current densities are Jp and Jn; electron-hole 

generation rate is G, ( ) is the rate of partial increase in 

electron(hole). Un(Up) is the net recombination rate for 
electron(hole).  
Hole and electron current density is given as: 

xq
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p
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Where, elementary charge is represented as q, Dp(n) is 
hole(electron) diffusion constant, 
µp (n) is the hole(electron) mobility. 
The output parameters calculated are Fill Factor (FF), Power 
Conversion Efficiency (PCE), Short Circuit Current Density 
(JSC) and Open Circuit Voltage (VOC). The ratio of energy 
output from the solar cell to input energy from the sun is 
called PCE. 
FF determines the solar cell’s maximum power; it is the ratio 

of maximum power from the solar cell to the product of 
Voc and ISC (short circuit current). The maximum voltage 
extracted from the solar cell at zero current state is called VOC. 
The current density through the solar cell when the voltage 
across the solar cell is zero is called Short Circuit Current 
Density (JSC) [16]. Input Simulation parameters of proposed 
Tin Halide Perovskite Solar Cell (THPSC) are presented in 
Table I [17-20]. 
This structure is made realistic by adding a band to band 
recombination to 10−6cm3/s for achieving equilibrium 
conditions. For checking the simulation method and 
working on SCAPS software, the CIGS solar cell has 
been simulated. The simulated value for fill factor (FF) is 
61.4%, it is in good agreement with the literature value 
of FF 61.4% [5]. 

IV. PROPOSED DEVICE SIMULATION 

Simulated energy band diagram for the proposed Tin 
Halide Perovskite Solar Cell (THPSC) structure is illustrated 
in figure 3, which represents the transition energy of 
metastable defects and the defect level energy of the defects 
present. The solar cell device is a p-i-n-type structure. The 
absorption sub-model used for all layers of the THPSC 
structure is the sqrt(hv- Eg) law model. The optical absorption 
constant α(λ) of a layer is given by the 

equation where A and B are 

the absorption constants in cm−1eV−1/2  &  cm−1eV+1/2 
respectively  where  h  is  the  plank's  constant, ν  is the  
frequency, Eg is the actual bandgap of the material [6]. 
On simulating the proposed THPSC with input parameters as 
depicted in table 1 and 2, PCE of 28.30%, FF of 85.08%, VOC 
of 0.9689 V and JSC of 34.336mA/cm2 are output parameters 
as per the J-V Curve in figure 4. 
The optical reflectance of layers in this work is considered 
neither at the surface and nor at the interface.  
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Table- I: The proposed design input parameters for its different layers [17-20] 
 

Parameters TCO  TiO2 (buffer) [ETL]  CH3NH3SnI3 (Absorber)  CuSCN[HTL]  
Thickness (nm) 500  30 750  350 
Band gap (eV) 3.5  3.20 1.3 3.4 

Electron affinity χ 

(eV) 
4  4.26 4.17  2.1  

Relative 
permittivity εr 

9  9 8.2  10 

Effective 
conduction Band 
Density Nc (cm−3) 

2.20e+18  2.e+18 1e+18  2.5e+18  

Effective valence 
band density Nv 

(cm−3) 

1.8e+19 1.8e+19 1e+18 1.8e+19  

Electron mobility 
µn/(cm2/V·s) 

20  20 1.6 2e-4 

Hole mobility 
µp/(cm2/V·s) 

10  10 1.6 1e+0 

Shallow uniform 
acceptor density, 

NA (1/cm3) 

0 0 3.2e+10 1e+18 

Shallow uniform 
donor density ND 

(1/cm3) 

2e+19 1e+16 0  0 

Defect type Neutral Neutral Neutral Neutral 

Capture cross 
section for 

Electrons (cm2) 

1e-15 1e-15 2e-14 1e-15 

Capture cross 
section holes 

(cm2) 

1e-15 1e-15 2e-14 1e-15 

Energetic 
distribution 

Single Single Gaussian Single 

Energy level with 
respect to Ev 

(above Ev , Ev) 

0.6 0.6 0.65 0.1 

Characteristic 
energy (Ev) 

- - 0.100 - 

Nt total (1/cm3) 
uniform 

1e+15 1e+15 1e+10 1e+14 

 
In this work, a study based on the consequences of the 
variation of the thickness, defect density Nt (total), Valance 
Band Effective Density of States (VBEDS) and Conduction 
Band Effective Density of States (CBEDS) of the tin halide 
based Perovskite absorber layer by control variable method is 
conducted to optimize the proposed structure. The CBEDS 
(Nc) and Nt (total) are the most influential parameters for the 
proposed solar cell efficiency enhancement. 

 

Fig. 3. Energy band diagram for the proposed THPSC 
structure. 

 
The Shockley–Read–Hall model affecting the performance of 
the defect density [21, 22] is represented as  

 

 

 

Fig. 4. J-V Curve for the proposed THPSC design. 
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           (6)  (6) 

 
The solution of Poisson and continuity equations yields the 
concentration of holes(electrons) represented as p(n). 
Appropriate forward bias due to qV>3kT results in the 

abandonment of the   term. And, 

                                                      (7) (7) 

The lifetime of charge carriers is denoted by . The defect 

density’s energy level and concentration are depicted by Et 
and Nt. The thermal velocity and the capture cross-section is 
represented as  and . By the following equation can 

be used to calculate the Diffusion length 

                                                                    (8) (8) 

The constant of diffusion is D and is represented as 

                                                             (9) (9) 

The above equations composition can be considered for the 
calculation of the diffusion length. The flat bands are essential 
to calculate work function. The absorber layer CH3NH3SnI3 is 
used as a p-type of a semiconductor having 3.2X1010 cm-3 as 
the initial doping concentration. 

V. RESULTS AND DISCUSSIONS 

 

The simulated results obtained through SCAPS are 
presented in graphical and tabular form and discussed as 
given below 

A. Effect of variation of total defect density of 
CH3NH3SnI3 layer 

When Total Defect Density Nt (total) of CH3NH3SnI3 layer of 
the proposed Tin Halide Perovskite Solar Cell (THPSC) has 
been varied from 105 to 1011 cm−3 keeping other input 
parameters same as mentioned in table 1. The simulation 
results are shown in figure 5.  It has been observed that the 
value of PCE is 28.321% at 105 cm−3 of total defect density Nt 
(total).  

 

  

(a) (b) 

  

(c) (d) 

Fig. 5. Dependence of (a) PCE (b) FF (c) VOC (d) JSC on the variation of total defect density of CH3NH3SnI3 layer of 
THPSC design. 
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With increasing the value of Nt (total), PCE decreases linearly 
and reaches to 28.311% at Nt (total) of 5X1010 cm−3 and 
28.301% at 1011 cm-3 as shown in figure 5(a). Similarly, the 
values of FF, JSC, and VOC also decrease linearly with 
increasing the value of Nt (total) as shown in figure 5(b), (c) 
and (d). The values showing the amount of decrement at each 
point can be inferred from Table II. 

B. Effect of thickness of CH3NH3SnI3 absorber layer 
On varying thickness of CH3NH3SnI3 absorber layer of 
THPSC from 0.5 to 0.8 µm (keeping other input parameters 
same as mentioned in table 1), it has been observed that at low 
thickness value  very few charge carriers and less area will be 
available for conduction which leads to smaller value of PCE 

, whereas at optimum thickness of absorber layer 0.65 µm a 
steep increase in value of PCE  is achieved due to more 
availability of charge carriers and their more movement due to 
more area availability and more conduction. 
 On the enhancement of the absorber layer’s thickness from 
0.65 µm, there is a small increase in PCE. Despite there is an 
increment in the number of charge carriers because a larger 
distance is required to be traveled by these charge carriers 
for conduction through larger absorber layer area which 
results in a small increase of PCE. A similar effect can be 
observed for VOC and JSC. But FF decreases linearly as 
illustrated in figure 6 and the values are depicted in Table II. 

 

  

(a) (b) 

  

(c) (d) 

Fig. 6. Dependence of (a) PCE (b) FF (c) VOC (d) JSC on the variation of thickness of CH3NH3SnI3 absorber layer of THPSC 
design. 

 
C. Effect of variation of Valance Band Effective Density 

of States (VBEDS) of CH3NH3SnI3 layer 

The number of holes for a unit volume per unit energy 
for a given energy level is VBEDS denoted by Nv and is 
defined as the number of states which are available to be 
occupied per energy interval around the top of the 

valance band.  
Nv=4.82X1015X(mp/m)3/2T3/2         (10)  
 
mp=h1/(d

2EV/dK2)  (11) 
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h1=h/2π    (12) 
Where mp is the hole effective mass, m is the rest mass of 
hole i.e. 9.11X10−31 Kg, 
h is the planks constant i.e. 6.626X10−34 J.s or 
4.135667X10−15eV.s, 

EV  is the Valance 
band energy level, 

K is the Wave vector. 
 

  

(a) (b) 

  

(c) (d) 

Fig. 7. Dependence of (a) PCE (b) FF (c) VOC (d) JSC on the variation of VBEDS of CH3NH3SnI3 layer of THPSC design. 

 

The effective density of states (Nβ) is given by 

Nβ  = 2               (13) 

mβ represents the valence band or conduction band effective 
mass. In heavily doped materials, (13) is not valid in general 
[23].  

 The variation of Fill Factor (FF), Power Conversion 
Efficiency (PCE), Short Circuit Current Density (JSC) 
and Open Circuit Voltage (VOC) with the variation of 
VBEDS i.e. Nv value is shown in figure 7. When Nv is 
varied from 108 to 1018 cm-3 PCE, VOC and FF decreases 
sharply up to Nv value of 5X1017 cm-3 and beyond this 
value there is a small decrease in their value but JSC 
increases linearly up to Nv value of 5X1017 and remains 
constant on even on further increase as depicted in figure 8 

and values in Table II. 
 
D. Effect of variation of Conduction Band Effective 

Density of States (CBEDS) of CH3NH3SnI3 layer 

CBEDS (Nc) is varied from 108 to 1018 cm-3 keeping other 

parameters as mentioned in Table I. The graphs of simulated 

results are represented in Figure 8. CBEDS (Nc) is given by 

Nc = 2               (14) 
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Equation (14) is not valid for heavily doped materials 
[23]. Where Nc is the CBEDS, k is the wave vector, T is 
temperature, mc is an effective mass of electrons 
occupying the conduction band effective density of 

states.  
 

 

  

(a) (b) 

  

(c) (d) 

Fig. 8. Dependence of (a) PCE (b) FF (c) VOC (d) JSC on the variation of CBEDS of CH3NH3SnI3 layer of THPSC design. 

 

 

Fig. 9. Quantum Efficiency graph for the proposed Design. 

 

On varying Nc from 108 to 1018 cm-3, PCE and FF increase 
sharply up to 5X1017 cm-3 and beyond this there the 
increase in their value is small whereas the conflicting 
effect is shown by VOC and JSC increases linearly on 
another hand. 
Figure 9 represents the ratio of the number of charge carriers 
collected by the proposed cell to the number of incident 
photons i.e. Quantum Efficiency (QE). The range of QE 
300 to 900 nm in which constant value of around 100% QE 
lies from 360-660 nm. 
The comparison between Referred designs [3, 20, 24-27] with 
the simulated Proposed Design 1 is presented in Table III and 
the bar graph in figure 10. P1 represents the proposed 
simulated designs. 
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Fig. 10. Bar Graph showing comparison of proposed designs with literature designs. 

Table- II: Output parameters for the proposed design obtained by varying input parameters of the absorber layer 

Input Output 
Parameters Variation range Values  PCE 

(n)(%) 
FF(%) Voc (V) Jsc 

(mA/cm2) 
Total  defect 
density (Nt 
(total)) (cm−3) 
 

105-1011 105 

5X1010 
1011 

28.32 
28.31 
28.30 

85.17 
85.15 
85.13 

0.9684 
0.9683 
0.9682 

34.335 
34.335 
34.335 

Thickness (µm) 
 
 

0.5-0.8 0.5 
0.65 
0.8 

27.53 
28.153 
28.357 

86.206 
85.607 
84.944 

0.967 
0.9679 
0.685 
 

33.025 
33.974 
34.469 

VBEDS (Nv)  
(cm−3) 
 

108-1018 108 
5X1017 

1018 

32.47 
28.89 
28.32 

85.86 
85.35 
85.17 

1.1077 
0.9859 
0.9684 

34.141 
34.336 
34.335 

 
CBEDS (Nc) 
(cm-3) 

 

108-1018 
 

108 
5X1017 

1018 

 
27.978 
28.22 
28.319 

 
83.678 
84.736 
85.172 

 
0.9738 
0.9699 
0.9684 

 
34.335 
34.335 
34.335 

 

Table- III: Comparison of Output parameters of proposed designs of Solar Cell with literature designs 

Parameter 

Design 
R1 
[3] 

Design 
R2 

[20] 

Design 
R3 

[24] 

Design 
R4 

[25] 

Design 
R5 

[26] 

Design 
R6 

[27] 

Proposed 
Design P1 

PCE(n)(%) 24.1 25.68 25.7 26.11 27.6 29 32.47 
85.86 

1.1077 
34.141137 

FF(%) 81.1 84.11 88.54 87.96 - - 
Voc(V) 0.93 1.21 1.056 1.2439 - - 
Jsc(mA/cm2) 31.7 25.33 25.483 23.778 - - 

 

VI. CONCLUSION 

In this paper Tin Halide Perovskite solar cell (THPSC) 
structure has been designed and simulated using SCAPS-1D 
software to determine PCE, FF, VOC and JSC. It has been 
observed that PCE of 28.32%, FF of 85.17%, VOC 0.9684 V, 
JSC 34.33532 mA/cm2 are obtained. On optimizing the 
structure with the variation of total defect density Nt (total), 
thickness, valance band effective density of states i.e. Nv and 
conduction band effective density of states i.e. Nc of 

Perovskite (CH3NH3SnI3) absorber layer the maximum PCE 
of 32.47%, FF 85.86%, VOC  1.1077 V and JSC 34.141137 
mA/cm2 have been achieved. The graphs are explained 
properly. Results are presented in the tabular form and are 
compared with the literature values obtained from different 
designs. 

 
 
 



International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249-8958 (Online), Volume-8 Issue-6, August 2019 

2825 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number F8778088619/2019©BEIESP 
DOI: 10.35940/ijeat.F8778.088619 
Journal Website: www.ijeat.org 

ACKNOWLEDGMENT 

The authors thank the Director of NITTTR Dr. SS Pattnaik 
for providing a research environment. Authors would also like 
to thank Professor Marc Burgelman of Electronics and 
Information Systems Department, the University of Gent for 
permitting usage of SCAPS Software and important 
discussions. The author also thanks to the Director of 
Wakesim Pvt. Ltd. Mr. Avichal Sharma for his constant help 
during this work.  

REFERENCES 

1. W.S. Yang, B.W. Park, E.H. Jung, N.J. Jeon. (2017). Iodide 
management in formamidinium-lead-halide–based perovskite layers 
for efficient solar cells. Science. 356, 1376–1379.  

2. M. Osborne; (2018). Oxford PV takes record perovskite tandem solar 
cell to 27.3% conversion efficiency. Manufacturing, Materials, Cell 
Processing, Thin-Film. Europe: Mark. Available: 
https://www.pv-tech.org/news/oxford-pv-takes-record-perovskite-tan
dem-solar-cell-to-27.3-conversion-effi 

3. C. Devi, R. Mehra. (2019). Device simulation of lead-free MASnI3 
solar cell with CuSbS2 (copper antimony sulfide). Journal of Materials 
Science. 54, 5615. 

4. T.H. Chowdhury, M.T. Ferdaous. (2018). Prospects of Ternary 
Cd1-xZnxS as an Electron Transport Layer and Associated Interface 
Defects in a Planar Lead Halide Perovskite Solar Cell via Numerical 
Simulation. Journal of Electronic Materials. 47, 3051–3058. 

5. M. Burgelman, K. Decock. (2013). Advanced electrical simulation of 
thin film solar cells. Thin Solid Films. 535, 296–301. 

6. M. Burgelman, K. Decock, A. Niemegeers. (2019, February, 13). 
SCAPS manual. Available: http://scaps.elis.ugent.be/ 

7. M. Burgelman, and J. Marlein, “Analysis of graded band gap solar cells 
with SCAPS,” Proceedings of the 23rd European Photovoltaic Solar 
Energy Conference 2008, pp. 2165-2169.  

8. M. Burgelman, P. Nollet, and S. Degrave. (2000). Modelling 
polycrystalline semiconductor solar cells. Thin Solid Films, 361-362, 
527-532. 

9. K. Decock, S. Khelifi, and M. Burgelman. (2011). Modelling 
multivalent defects in thin film solar cells. Thin Solid Films. 519, 
7481–7484. 

10.  K. Decock, P. Zabierowski, and M. Burgelman. (2012). Modeling 
metastabilities in chalcopyrite-based thin film solar cells. Journal of 
Applied Physics. 111, 043703. 

11.  S. Degrave, M. Burgelman, and P. Nollet, “Modelling of 

polycrystalline thin film solar cells: new features in SCAPS version 
2.3,” In PROCEEDINGS OF 3RD WORLD CONFERENCE ON 
PHOTOVALTAIC ENERGY CONVERSION, VOLS A-C, 2003, pp. 
487-490. Available: http://hdl.handle.net/1854/LU-404099 

12.  J. Verschraegen, and M. Burgelman. (2007). Numerical modeling of 
intra-band tunneling for heterojunction solar cells in SCAPS, Thin 
Solid Films. 515, 6276–6279. 

13.  Niemegeers, and M. Burgelman, “Numerical modeling of ac- 
characteristics of CdTe and CIS solar cells,” In Proceedings of the 25th 
IEEE Photovoltaic Specialists Conference, IEEE, New York, 
Mei, 1996, pp. 901-904. 

14.  T. Minemoto, and M. Murata. (2014). Impact of work function of 
back contact of perovskite solar cells without hole transport material 
analyzed by device simulation. Current Applied Physics. 14, 
1428–1433. 

15.  Azri, A. Meftah, and A. Meftah. (2019). Electron and hole transport 
layers optimization by numerical simulation of a perovskite solar cell. 
Solar Energy. 181, 372–378. 

16.  A.D. Adewoyin, and M. Chendo. (2017). Enhancement of the 
conversion efficiency of Cu2ZnSnS4 thin film Solar Cell through the 
optimization of some device parameters. Optik. 133, 122–131. 

17.  H.J. Du, and J.Z. Zhu. (2016). Device simulation of lead-free 
CH3NH3SnI3 perovskite solar cells with high efficiency. Chinese 
Physics B. 25, 108802. 

18.  Anwar, and S.M. Ullah. (2017). Effect of Different HTM Layers and 
Electrical Parameters on ZnO Nanorod-Based Lead- Free Perovskite 
Solar Cell for High-Efficiency Performance. International Journal of 
Photoenergy. 2017, 1–9. 

19.  M. Ameri, E. Mohajerani, M. Ghafarkani. (2019). The investigation of 
the unseen interrelationship of grain size, ionic defects, device physics 
and performance of perovskite solar cells. Journal of Physics D: 

Applied Physics. 52, 125. 
20.  N. Thakur, R. Mehra, and C. Devi. (2018). Efficient Design of 

Perovskite Solar Cell Using Parametric Grading of Mixed Halide 
Perovskite and Copper Iodide. Journal of Electronic Materials. 47, 
6935–6942. 

21.  H.J. Du, and J.Z. Zhu. (2016). Device simulation of lead-free 
CH3NH3SnI3 perovskite solar cells with high efficiency.  J Chin Phys 
B. 25(108802). 

22.  W. Shockley, and W.T. Read. (1952). Statistics of the recombinations 
of holes and electrons. J Phys Rev. 87, 835–842. 

23.  K. M. Van Vliet, and A. H. Marsha (1980). The Effective Density of 
States in the Conduction and Valence Bands for Arbitrary Band 
Structures. Physica Status Solidi. 101, 525–530. 

24.  K. Sobayel, AlMutairi, Hamad F. Alharbi, Nabeel H. Alharthi, and N. 
Amin. (2019). A Comprehensive Defect Study of Tungsten Disulfide 
(WS2) as Electron Transport Layer in Perovskite Solar Cells by 
Numerical Simulation. Results in. Physics. 12, 1097–1103. 

25.  M.M. Salah, and A. Shaker. (2019). A Comparative Study of Different 
ETMs in Perovskite Solar Cell with Inorganic Copper Iodide as HTM. 
Optik. 178, 958–963. 

26.  R. Pandey, and R. Chaujar (2016). Numerical simulations: Toward  
the design of 27.6% efficient four-terminal semi-transparent 
perovskite/SiC passivated rear contact silicon tandem solar cell. 
Superlattices and Microstructures. 100, 656–666. 

27.  S. Huang, Z. Rui, and D. Bao. (2019).   Influence of defect states on   
the performances of planar tin halide perovskite solar cells. Journal of 
Semiconductors. 40, 032201. 

AUTHORS PROFILE 

 
Shiva Sharma: Shiva Sharma received her 

B.E. degree in 2016 from Chandigarh 
University in Electronics and Communication 
Engineering. 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 19th 
September 2016 to 28th April 2017. Currently, 
her M.E. degree in ECE in Regular Batch 
(2017-2019) is going on from the NITTTR, 
Chandigarh. She has 3 papers to her credit in 

UGC approved Journal and 1 paper in the IJRECE which is approved by 
UGC in Dec 2017 and presented it in the IRSD 2017 conference. 

 
 

Dr. Rajesh Mehra: Dr. Mehra is working as 
Head of Curriculum Development Centre and 
Professor at the NITTTR, Chandigarh, India. Earlier 
he was with Electronics & Communication 
Engineering Department for 23 years and worked as 
Head of Department for 02 years. He has earned his 
Ph.D. in 2015 from Panjab University, Chandigarh, 
India in Engineering and Technology. In 2008, his 
Master of Engineering degree has been completed 
from Panjab University, Chandigarh, India. In 
1994, his Bachelor of Technology has been 

completed from NIT, Jalandhar, India. He has acquired 25 years of industry 
and academic experience. More than 500 papers to his credit are published 
in Conferences and refereed International Journals. More than 100 ME thesis 
have been guided by him and also, 03 independent Ph.D. scholars are being 
guided by him. One book on PLC & SCADA has been authored by him and 
many video films have also been developed in relevant areas by him. VLSI 
Design, Advanced Digital Signal Processing, Renewable Energy, 
Programmable Logic Controllers, CAD for PCBs, SCADA, Wireless 
Communication and Software Defined Radios has been included in his 
research areas. Dr. Mehra is also a member of ISTE and IEEE. 
 

https://www.pv-tech.org/news/oxford-pv-takes-record-perovskite-tandem-solar-cell-to-27.3-conversion-effi
https://www.pv-tech.org/news/oxford-pv-takes-record-perovskite-tandem-solar-cell-to-27.3-conversion-effi
http://scaps.elis.ugent.be/
http://hdl.handle.net/1854/LU-404099

