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Cs:TiBrs is a promising material as an Absorber layer of Solar cell. Further
studies showed that this compound is more stable, and possess an appropriate
electrical and optical properties. The compound of (FTO/V20s/Cs2TiBr6/CdTe) is
simulated for the first time in this work by using the Solar Cell Capacitance Simulator
(SCAPS-1D) program and the obtained transformation efficiency (n) was (10.09)
with (0.5um) of (Cs2TiBrs) thickness. The effect of (Cs2TiBre) thickness was studied
in this paper used different variations of absorber layer thickness (0.5 — 4.0 pum).
Solar cell enhanced by absorber layer thickness showed (18.17 mA/cm?, 0.924V, and

86.58%) (Jsc, Voe, FF) respectively which led to increase of transformation efficiency

Copyright©Authors, 2021, College of
Sciences, University of Anbar. This is an
open-access article under the CC BY 4.0
license (http://creativecommons.org/licens

es/by/4.0/).

() from (10.09 % to 14.55%).

1. INTRODUCTION

Perovskite solar cell is the new promising low cost
source to achieve high transformation efficiency which it is
the most important issue in solar cells performance,
optimized band gap, increases in short circuit current, open
circuit voltage and fill factor by engineering the absorber
layer.

A new family of halide perovskite based on Ti(IV),
especially Cs2TiBr6, was reported to be a suitable
compound for solar cell applications[1]. Cs2TiBr6 can
sustain high thermal stress under constant irradiation and in
humid environments due to the stable oxidation state of Ti.
The material shows a combination of tetravalent cations and
vacancies, creating ‘vacancy-ordered’ double perovskite
structure with tunable bandgap. Such excellent properties
make it an ideal candidate for Pb-free PSCs[2].

perovskite solar cells have also been developed,
sequentially. As a new kind of photovoltaic semiconductor,
organometal halide perovskite materials can be prepared by
various methods[3], with appropriate direct band gap, high
absorption coefficient[4], excellent carrier transport
properties[5], good tolerance of defects[6], small exciton
binding energy[7] as well as tunable composition and
structure [8].
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SCAPS-1D used to simulated inverted solar cell
(FTO/V205/Cs2TiBr6/CdTe) and we obtain a transformation
efficiency increasing from (10.09% to 14.55 %). This work
can provide some important guidance for device design and
optimization from the considerations of both theory and
experiment.

2. NUMERICAL ANALYSES

The performance of this solar cell depends on (FF, Voc
and Jsc) because these factors are determined by the (J-V)
property curve. The efficiency (1) determined by these three
factors.

2.1. Short Circuit Current

The short circuit current is the maximum current
generated by the solar cell when the solar cell ends are in
contact with one another (ie, short circuit). The solution of
Jsc equation can be obtained from the net current density J-
V Solar system and from the following equation[9, 10]

JV)=Jse = Jaark (V) ...... €))
Where: (Jaark) the density of the dark stream is given by
the following equation:
Jaark (V)=Jo(e9V/¥BE-1) ... . (2)
The equation of the bright solar cell giving by
compensating equation (2) in equation (1):
JOV)=Jse = Jo(e®/*BE1 ). ... 3)
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The short circuit current is given by the following
equation:
Je(V)=J(v)+ Jo(e9V/kBE-1 ) ... (4)
V: is the voltage across the junction, T: is the absolute
temperature. Jo. The density of the saturation current is
during darkness.

2.2. Open Circuit Voltage
Voc: Is the voltage in which no current flows through
the outer circle when the solar cell ends are not

connected to each other and can given by the following

equation[11].

— KsT

J
Voe =2 ln(]Loh+1) .......... 5)

From the above condition, open circuit voltage (Voc)
relies upon the light produced (IL) furthermore, immersion
current (Io). 10 relies upon recombination in the solar cell.
Along these lines, Voc is a proportion of the measure of
recombination in a sun based cell.

2.3. Efficiency and Fill Factor
The ratio of output power to input power that is the
efficiency of and can be defined in regime (0 to Vo ) in
which solar cell will deliver power. The output power
density is given by equation (6).
Pmax=JmaxVmax ... (6)

Maximum of the (Pmax) reached at cell max power
point shown in Figure 2.17. So, efficiency of solar cell is
defined by equation (7) M= JmaxVmax/Ps ......... @)

Ps: sunlight incident power.

We can rearranged Equation 8 to find fill factor (FF)
that is the solar cell performance quality measurement
according to the maximum power delivered by a solar cell
to the theoretical power of a solar cell or by interpreted as
the rectangular areas ratio that shown in figure 2.17 for
maximum power point and (MPP) and theoretical maximum
power Pmax.

FF=JmaxVmax/JocVoe  ......... ®)

From equation (8) and (9) the efficiency equation can

have rewritten as:  n=JocVocFF/Ps ... C)

2.4. Quantum efficiency Qe
Defined as percentage between numbers of electrons
that generated to the number of photons that absorbed per
unit wavelength that fall on the surface of the device.
Upn/0)
Qe = gy
(Ipn/q): Number of carries generated.
(P;,/hv): Number of dropped photons.

And quantitative efficiency from equation:
—R, ke
Qe=R; prERREES 11
(hc/q): constant that equal to (1.24) so equation (11)

can be written: Qe=1.24 (RW/A) ....... (12)
Ri: Response in units (A/W), A: wavelength (nm)
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Table (1) the parameter used in simulation

Layers CdTe Cs:TiBrs = n-V204 FTO
thickness (um) 0.100 0.5-4.0 0.300 0.300
band gab (eV) 15 1.8 2.2 3.5
electron affinity

V) 4.28 4 4 4
Dielectric 103 10.00 10 0
permittivity i '

CB effective density | » sopi19 | 600E+20 = 2.50E+18 | 2.20E+18
of state (1/cm”3)

VB effective

density of state = 1.80E+19 = 2.14E+20 = 1.80E+18 = 1.80E+19
(1/em”3))

electron thermal ' gop 47 | §00E+07 = 1LOOE+07 = 1.00E+07
velocity (cm/s)

hole ~— thermal ' g4p 47 | 1.00E+07 = LOOE+07 = 1.00E+07
velocity (cm/s)

electron mobility

(cm”2/V's) 4.50E+02 4.4 3.20E+02 | 2.00E+01
hole mobility

(em2/V's) 4.00E+01 2.5 4.00E+01  1.00E+01
ND (1/em”3) 0.00E+00  0.00E+00 = 1.00E+18  1.00E+19
NA (1/em”3) 1.00E+15 | 1.00E+17 = 0.00E+00  0.00E+00
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3. RESULT and DISCUSSION
Enhancement of (FTO/V20s5/Cs:TiBr6/CdTe) solar

cell with different absorber layer thickness (0.5 — 4.0 um)
shown in fig (1) that the (I-V) curve characteristics at the
best thickness of absorption layer.
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Fig .1: I-V Characteristics at (4 pm)
Fig (1) show that (I-V) curve will increase due to
thickness so that mean short circuit current (Jsc) increase
from (13.821 mA/cm?) to (18.176 mA/cm?) fig (2) because
material thickness increase the contribution to generation of
electron — gab pairs due to absorbing more photons[9, 11].
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Fig .2: Effect of thickness of absorber layer on (Jsc)
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Open circuit current increased too from (0.43 V) to (0.53
V) as shown in fig (3).
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Fig .3: Effect of thickness of absorber layer on (Voc)

The increase of thickness and interface which
generates a constraint that work to capturing electron and
reducing current depletion environment that negatively
affects to the filling factor as shown in fig (4) after
increased it will be decreased and because of the re union in
the interface that will capturing electrons and reducing
current and that lead to let filling factor decreased. Filling
factor affected by the resistivity that respectively increased
because high thickness[16].
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Fig .4: Effect of thickness of absorber layer on (FF %)

Thickness (pm)
Fig .5: The effect of thickness on the efficiency
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Fig (6) The effect of thickness change on quantitative
efficiency, which is defined as: the ratio between the
number of carriers collected by the cell to the number of
photons that fall on it, was studied through which the
efficiency of the outside and entering the cell was
determined and the figure (6) shows the extent of the change
in quantitative efficiency from changing thickness to the
ideal thickness (3.5)um, and we note from the figure that the
highest absorption of the cargo carriers is at long wave
lengths[17].

QE (%)

moom W W m m W
Anm)
Fig .6: Thickness effect on the quantitative efficiency

4. CONCLUSIONS

The studying software in the simulation from
deferent studies show that the simulation is very near to the
ideal of manufacturing parameter of deferent solar cell.

Absorbing ideal thickness (4um) showed increasing
in the properties of solar cell so short circuit current (Jsc)
increased from (13.82 mA/cm?) to (18.17 mA/cm?), Open
circuit current increased too from (0.84 V) to (0.92 V), Fill
factor (FF) also increased from (84.51%) t0 (86.58%) and
the efficiency (1) increased from (10.09%) to (14.55%).
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