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Abstract—This paper reports a study on the effect of
series resistance and layer thickness on the performance of
an perovskite photovoltaic cell which is based on active
layer of Molebdenum tri Oxide(MoO3) and Methyl
ester(PC60bm). Electrical simulation has been examined
on FTO: MoO3: perovskite layer : PC60bm -Au structure
with GPVDM (General Purpose Photovoltaic Device Model)
software. We used the GPVDM software to investigate the
effect of series resistance and layer thickness on power
conversion efficiency (PCE) and fill factor (FF) in an
perovskite solar cell which is based on Mo03: PC60bm as
an absorbing layer. The changes were made by applying
the different series resistance and layer thickness value.
The results show that the power conversion efficiency can
be increased by changing the value of the series resistance
and layer thickness, in our case the power conversion
efficiency has been increased from 16.66% to 20.42% and
fill factor has been change from 66.29% to 71.22%.

Keywords—Perovskite photovoltaic cell, MoO3: PC60bm,
GPVDM, series resistance, thickness effect.

1.INTRODUCTION

Perovskite  photovoltaics (PPVs) have attracted
considerable interest over the past two decades due to
their advantages over organic solar cells. PPVs are
lightweight, cheap and non-toxic compared to organic
solar cells. They are also robust and versatile mechanically.
Perovskite solar cells, as the name implies, transform light
from oxide molecules into electricity. For these solar cells,
Oxide and Methyl ester molecules are widely used. Their
long chain relocation via alternating double and single
connections helps to effectively transfer the electron in the
cell. The highest occupied molecular orbitals (HOMOs) and
the lowest unoccupied molecular orbitals (LUMOs) are
these orbits. An optical band gap in the half conductor area
is the power disparity between the low-energy HOMOs and
the highenergy LUMOs. Because of their versatile material
properties and low-cost processing, Perovskite cells have
been a very remarkable area of research in recent years.

In the early 2000s, Perovskite solar photovoltaic cells were
developed. Since 2009, organic chemistry has had a fast
growth and the first discovery of photoconductivity in
organic compounds was published in 1906. The product,
Solarmer, developed for the first time Organic
Photovoltaic. BHJ-based organic solar cells (Bulk Hetro-
junction) are composites of P3HT (Poly3-hexylthiophene)

and PCBM (phynyl-C-70buteric acid methyl ester) [1-2].
Gpvdm (OPVDM's new name) is a free general-purpose
device,This type of cell gives low value of PCE.

Originally designed to simulate organic solar cells, it has
now been expanded to simulate other system categories,
including OLEDs, OFETs and many other forms of solar
cells of 1st, 2nd and 3rd generation. The 4t generation is
based on perovskite physical model solves drift-diffusion
of electron and hole as well as continuity equations of the
carrier in position space to describe the load movement
within the device.

The model facilitates the study of the effect on system
performance of product parameters such as mobility,
energetic  disorder, doping, and recombination
crosssections. All internal device parameters such as
current density load frequency, position distribution of
trapped carriers and energy storage can be controlled
through either the graphical interface or directly from
output data. The system includes both an electrical and an
optical solver, allowing simulation of current / voltage
characteristics and the optical model profile within the
device. The model is available for Windows and Linux (x86
and ARM) and it is easy to use graphical interface. Gpvdm
is a tool used to simulate and design solar cells to harvest
the energy of the sun.

General-purpose photovoltaic device model
wenw.gpvdm,com

Fig 1: GPVDM Home Window

2.ELECTRICAL SIMULATION

The significant parameters that influence its performance
should be explored in order to improve the power
conversion efficiency of pervoskite solar cells. The GPVDM
software simulates the organic solar cell at various layer
thicknesses. This model consists of both electrical and
optical properties and is specifically designed to mimic
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pervoskite solar cells based on the Oxide (Mo0O3) and
Methyl ester (material [7]. The electrical simulation just
reaches the device's active layer. The current density-
voltage plotted for Voc and Jsc to be provided. The Voc is
defined by the energy gap between the largest molecular
orbital occupied (HOMO) representing the donor level and
the lowest unoccupied molecular orbital (LUMO)
describing the acceptor level [8]. The j-v curve provides
the fill factor specified as the ratio between the maximum
power point (Pmpp) and the device's theoretical maximum
power (Pmax) [8-11].

Fill Factor = Pm/(Voc*Isc)

Here, Voc and Pmax are the voltage and current density in
the maximum power point respectively. The power
conversion efficiency for a solar cell is defined by the
equation.

Efficiency(n)=(FF*Voc*Isc)/Pin

Where, Pin is the power density of the light and Pout is the
electric power generated by the bulk hetero junction solar
device at maximum power point. [12]

curve (j-v)

Fig.2: Perovskite Solar Cell Model

Fig.2 demonstrates the FTO: MoO3: perovskite layer :
PC60bm -Au based perovskite solar cell design. In this
example, the layer configuration followed is FTO: MoO3:
perovskite layer : PC60bm -Au, where ETM (Electron
Transfer Layer) is MoO3 and HTM (Hole Transfer Layer) is
PC60bm[5]. The Flourin-doped Tin Oxide (FTO) film is
used as a transparent electrode because it has strong
visible region transmittance and conductive capacity [12].

Original parameters chosen from PSC electrical parameters
are shown in Table 1. The electrical and optical parameters
of perovskite solar cells are derived from the FTO layer
and Au dependent gpvdm software database, and the layer
thickness values are taken as 1e-07 and 1e-07 respectively
[13].

Table.1 Parameter specification of  materials
Our analysis is focused on the observation of different
layer thickness effects on the efficiency of power
conversion [14]. Table 1 displays the reference value of the
simulation parameters.

Table 1.Specification of active layers

S.No. | Parameters MoO3 PC60bm
1 Layer Thickness (m) 3e-07 3e-07
(variable) (variable)

2 Relative permittivity 20 20

3 Electron tail slope (ev) 0.06 0.06

4 Hole tail slope (ev) 0.06 0.06

5 Doner Concentration (m-3) | le+25 le+26

6 Acceptor Concentration | le+25 le+26
(m-3)

Fig.3: J-V Characteristics for initial layer values

The j-v curve is shown in Fig 3, in which PCE (Power
conversion efficiency) is 18.85%, fill factor is 71.22%,
short circuit density of current is -20.68A/m and open
circuit voltage Voc is 0.94V [15].

3.RESULTS AND DISCUSSIONS

In our simulation, optimization method is used to fix all
parameters and modify the values one by one until we
have the parameters that give maximum Power
Conversion Efficiency. Figure 4 represents the curve effect
of MoO3 layer thickness on PCE in pervoskite solar cell.

S.No | Series Resistance(in | PCE(in%) Fill
ohm) Factor(in%)

1 19.5 16.67 64.74
2 25 16.52 64.22
3 40 16.13 62.77
4 10 16.92 65.69
5 5 17.05 66.20
6 19.5 17.08 64.58
7 5 18.85 71.22

Table.2 Effect of Series Resistance in PCE and FF

Table no.2 shows that the variation in power conversion
efficiency and fill factor by changing the value of series
resistance.In above table we can see that the variation in
PCE and FF by using appropriate values of series
resistance is inversely proportional to PCE and FF in
specific region The minimum value of series resistance
gives the higher value of PCE and FF there is some concern
of layer thickness, if the value of series resistance is 5 ohm
then we get maximum power conversion efficiency and fill
factor.
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fig.4 Effect of series resistance in PCE and Fill Factor

S.No. Thickness of MoO3 | PCE(in%) FF(in%)
Layer(in cm)

1 2%e07 17.08 64.58

2 3*e07 16.03 67.32

3 4*e07 18.46 67.62

4 5*e-07 18.50 69.81

5 6%e07 19.36 70.68

Table.3 Effect of thickness of MoO3 in PCE and FF

) E P G H J K L ] N o 1 a R

Fig.5 Thickness of MoO3 Vs.PCE Vs.FF

S.No. Thickness of | PCE(in%) FF(in%)
Pc60bm
layer(in cm)

1 2%e’07 17.08 64.58

2 3*e07 20.42 64.79

3 4*e07 18.64 67.0

4 S5*e07 16.93 70.55

5 6%e 07 16.93 70.55

Table.4 Effect of thickness of Pc60bm layer in PCE and FF

u 5 v o n ) 3 L ™ ~ ) v Q

Fig.6 Thickness of Pc60bm Vs.PCE Vs.FF

Figure.5 shows that the variation in PCE and FF(Fill Factor)
by varying the thickness of active layer of MoO3.

Fig.6 shows that the variation in PCE and FF by varying the
thickness of spiro layer Pc60bm.

Fig.7 Optical output

Fig.7 shows that the optical output of pervoskite solar cell
with different thickness to achieve the maximum power
conversion efficiency and fill factor.The properties of
pervoskite solar cells have the mejor two are power
conversion efficiency and fill factor.The power conversion
efficiency(PCE) can be define as the ratio of the electrical
power output to optical power input.This perticular
property indicates the how system is reliable to use and
can get the maximum and affordable output power to the
system.In our simulation we get the PCE 16.66% to
20.42% this is affordable limit to achieve the greater
output power as compare to the organic solar cells.In
present era there is point of discussion is the power
conversion efficiency.

The major one property is the fill factor to operate
efficiently and accurately to the output.

In present time number of solar model is creating but
major problem is its fill factor.In our simulation this major
problem has to avoided at certain level by varying the
thickness of active layer of perovskite solar cell.The fill
factor is the ratio of the actual maximum obtainable power
to the product of short circuit current and open circuit
voltage.In our simulation we get the fill factor output
between the range of 66.29% to 71.22%.

4. CONCLUSION

The perovskite solar cell's PCE was analyzed using the
GPVDM solar cell softwere simulation ,result indicates the
good choice of series resistance and layer thickness of the
active materials used in solar cell considerably increased
the PCE ratio.Further PCE enhancements can be done by
changing layer thickness.
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