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In the present reaserch, using the finite difference time domain
method (FDTD), the effect of the presence of solid aluminum
nanocylinders containing elliptical holes (cores) on the
quantities of short-circuit current density and absorption was
investigated in the ITO/PEDOT:PSS/P3HT:PCBM/Zn0/Al
organic solar cell. The nanoparticles are located in a hexagonal
pattern inside the P3HT:PCBM layer and on the border with the
ZnO layer. For simulation, the standard spectral pattern of the
sun AM1.5 was used in the spectral range of 300-1200 nm.
Calculations showed that the presence of different
nanocylinders caused a significant improvement in the values of
high quantities. This was particularly noticeable in the range of
high wavelengths. In addition, the presence of nanocylinders
created an optimal thickness of 150 nm for the active layer of
P3HT:PCBM solar cell, so the mentioned quantities had the
highest values. This optimal thickness was independent of the
presence of dielectric cores in nanocylinders. Comparing the
calculation results under different conditions showed that when
the thickness of the active layer was 150 nm, the height and
radius of the nanocylinders were 50 nm and 15 nm, and the
elliptical holes had small and large radii of 1 nm and 15 nm,
respectively. The short-circuit current density and absorption of
the intended solar cell had their optimal values.
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EXTENDED ABSTRACT

Introduction

Organic solar cells are an important category of solar cells that have attracted the
attention of a large number of researchers over the past few years. One of the important
issues is increasing the short-current density and absorption in these cells. In the present
study, using the FDTD numerical method, the effect of the presence of aluminum
nanocylinders located in the active layer of ITO/PEDOT:PSS/P3HT:PCBM/Zn0/Al solar cell
was investigated on the aforementioned quantities.

Methodology
The solar cell used in this study has a structure as shown in Figure 1. In this

structure, aluminum nanocylinders are located in a hexagonal pattern at the border
between P3HT:PCBM and ZnO layers. Two kinds of nanocyliders were used in the
research (Figure 2).
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Figure 1. Schematic structure of the organic solar cell.
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Figure 2. a, b) Schematic structure the nanocylinders c) structure of the core.
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The quantities of the absorption and the short-circuit current density were
calculated using the following equations. The FDTD numerical method was used to
simulate these quantities.
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Results and discussion
In the first step, to understand the role and effect of the presence of metal nanoparticles,

the values of short-circuit current density were examined in terms of the thickness of
P3HT:PCBM and absorption in terms of wavelength in the presence of solid nanocylinders
(Figure 2a). The results of the present study calculations showed that when the solid
aluminum nanocylinders were arranged in a hexagonal pattern and their height (length)
and radius were 50 nm and 15 nm, the short-circuit current density was at its highest value,
36.64 mA/cm?. In addition, the presence of these nanocylinders caused the short-circuit
current density to be the highest in the 150 nm thickness of the P3HT:PCBM active layer
(Figure 3a), meaning the optimal thickness for the active layer for better solar cell
performance was available. In Figure 3b, the absorption curve of P3HT:PCBM active layer
with and without the presence of nanoparticles is also shown. This diagram shows that the
presence of nanoparticles caused a significant change in the absorption of the solar cell.
Therefore, the placement of nanocylinders in the active layer increased light absorption and,
in paralle], increased the short-circuit current density through the resonance of substituted
surface plasmon (near field) or scattering (far field).
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Figure 3. a) Short-circuit current density diagram in terms of the small radius of the core of nanocylinders
for a thickness of 150 nm of P3HT:PCBM, b) Short-circuit current density diagram in terms of the large
radius of the core of nanocylinders for a thickness of 150 nm of P3HT:PCBM.

In the next step, the short-circuit current density and the absorption for core-shell
nanocylinders (Figure 4 a, b) were obtained by changing the small and large radii of the
ellipsoidal cores to achieve an optimal value for these radii (Figure 2c). When the sizes of
the small and large radii of the cores were equal to 1 nm and 15 nm, respectively, the value
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of the short-circuit current density increased compared to the previous state and was equal
to 37.7 A/cm? . The presence of nuclei (holes) led to the creation of dipoles in the metal-
dielectric (air) interface inside the nanocylinders, they strengthened the exchange fields
near the surface of the nanoparticles in interaction with the incident light.
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Figure 4. a, b) Short-circuit current density diagram in terms of the small and lage radii of the core of
nanocylinders for a thickness of 150 nm of P3HT:PCBM.

In the final stage of calculations, the effect of changing the radius and height of
nanocylinder shells (1, h) when the active layer had an optimal thickness of 150 nm and the
cores had radii of 1 nm and 15 nm were investigated (Figure 5 a, b). Finally, at a height of 50
nm and a radius of 15 nm, the short-circuit current density achieved a significant
improvement compared to the situations without and with solid nanocylinders (Figure 5b),
whose maximum value was 38.9 mA/cm?. The presence of nanoparticles with a height of
10-50 nm increased the optical length and reduced the electron-hole recombination, which
can in turn have a significant effect to increase the junction current.
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Figure 5. a, b) Short-circuit current density diagrams according to the height and the radius of
nanocylinders for the optimal thickness of 150 nm of the P3HT:PCBM layer.

Therefore, the presence of nanocylinders and their structure change caused
absorption peaks in A; = 347 nm, 4, = 528 nm, 4; = 808 nm. As it is clear in the
diagram, in the wavelength range of 700-1200 nm (infrared region), an increase in
absorption was observed.
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Figure 6. Absorption curves for three states, without the presence of nanoparticles, with the presence of
solid nanotubes and core-shell nanotubes.
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Conclusion

The present study calculations showed that the presence of nanocylinders created an
optimal thickness of 150 nm for the active layer P3HT:PCBM of the solar cell. Moreover;
comparing the calculation results under different conditions revealed that when the
thickness of the active layer is 150 nm, the height and radius of the nanocylinders are 50 nm
and 15 nm, and the elliptical holes have small and large radii of 1 nm and 15 nm, the short-
circuit current density and absorption of the intended solar cell are at optimal values.
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