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Abstract In this paper, high-efficiency solar cells were
synthesized using the following compounds (Al/Si/BHJ(Cu-
PcTs/GO)/PEDOT:PSS/Au), this compound has important,
promising and inexpensive properties due to its ability to
convert solar energy over a large area. In this paper, Cu-
PcTs/GO compounds will be used to make and improve the
properties of solar energy. The best efficiency value for Cu-
PcTs/GO composite was 0.927 at the mixing ratio of 1/0.25
at 28 ‘C while the best efficiency value for the Cu-PcTs/
GO composite was 2.094 at the mixing ratio 1/0.75 when
annealing at 150°C.

Keywords Semiconductors, nanostructure, Al - Si -
BHI(Cu-PcTs - GO) - PEDOT:PSS - Au, solar cell

Introduction

A solar cell or photovoltaic cell may be described as large
place electric device (p-n) junction structure that has been
designed to that converts mild strength at once to electricity
via photovoltaic (PV) impact. Previously, a solar cell was
obtained by building the structure from compounds (Cu-
PcTs/GO) because of their important and highly efficient
properties [1], These compounds have unique properties in
the field of optics and chemistry used in the development
of solar cells by increasing the mixing ratio and different
temperatures [2]. GO is an exciting nanomaterial with a
first-class electronic large-area capability [3]. Previously the
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surface morphology of cross-volume AFM for thin films
(GO), (Cu-PcTs) was studied and confirmed that the treat-
ment resulted in obtaining a nanostructure to the nano-length
[4]. When studying the Hall effect, it was found that the
resistance increases with a decrease in proportion GO. There
are many conductive organic thermoelectric compounds, but
PEDOT: PSS has a high performance in this field and there-
fore can be used in flexible thermal power plants. Yet its
biggest utility is as a transparent, conductive polymer with
excessive [6]. However, this compound is of great use as it
is a highly transparent conductive polymer. There are many
researches done by researchers on this material and it has
been used in different applications [5—15].

In this paper, the results of the following quantities: I,
FF, and Voc were studied and analyzed, which represent the
important performance characteristics of a solar cell. These
important parameters must be studied and determined under
specific lighting conditions. The power and current density
graph as a function of the voltage of the solar cell along with
the main parameters is shown in Fig. 1.

Experimental details

In this work, nano graphene oxide colloid water-based con-
centration 1 mg/ml was used a concentration of 10 mg/1 ml
was obtained when Cu-PcTs nanopowder was added to non-
ionized water. Practically, four different ratios of the GO
nano compound were changed with fixed the ratio of Cu-
PcTs nano compound, as shown in Table 1.

To dissolve the mixture (the two nano compounds) a
magnetic stirrer was used for two hours and at a 28 “C. To
study the structural properties of these samples, quartz
substrates with measurements 2.5 X 2.5 cm are first pre-
pared after being cleaned completely with distilled water
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Fig. 1 Graphs of the current density and power as a voltage function
for the solar cell along with the key parameters [17]

Table 1 Different mixing ratios at 28 ‘C

Ratio of Cu-PcTs/GO Sample No
PureCu-PcTs 11
PureGO 61

1:1 21

1:0.75 31

1:0.5 41

1:0.25 51

Table 2 Different mixing ratios at 150 “C annealing temperature

Ratio of Cu-PcTs/GO Sample No
PureCu-PcTs 12
PureGO 62

1:1 22

1:0.75 32

1:0.5 42

1:0.25 52

and acetone, then using an ultrasound device, and then
drying them with special drying paper.

Spin coating technique was used to prepare the samples
(thin films), where quartz substrates are placed inside the
device and the spin coating speed was 2000 rpm for 10 m
and the second speed was 300 rpm for 10 s.

In the same way as before, the samples are prepared in
the same previous conditions and with the same mixing
ratios, but with an annealing temperature of 150 “C for a
period of three hours, as shown in Table 2. A comparison
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was made between the results of cases, the room tempera-
ture condition and the degree of annealing.

For measuring the voltage and current of a device used a
solar cell. The solar cell is made of a silicon slide (Si-n type)
with dimensions 2.5 % 2.5 cm, and thickness 500 pm, where
aluminum (Al) was deposited on the back of the slide using
vacuum coating unit. The second side up was deposited the
Cu-PcTs/GO with different maxing ratios using spin coat-
ing method to get the first layer of solar cell. The PEDOT:
PSS component (with low resistivity (<0.0012 Q cm) (from
Ossila. Company UK)) was deposited on the first layer to
increase cell efficiency as a second layer. Finally, Gold (Au)
had been deposited on the second layer of solar cell to get
another electrode, so the formed cell is (Al/Si/BHJ(CuPcTs/
GO)/PEDOT:PSS/Au), as shown in Fig. 2. To investigate from
solar cell efficiency, the solar cell was connecting with sys-
tem "solar cell I-V Teacer IV-26 type" IRASOL Company, as
shown in Fig. 3. The distance from solar cell to halogen light
was 10 cm and the power of light was 100 mW. The solar cell
was connected as inverse bias. The (I-V) characteristic was
studying where the efficiency (1), and fill factor (F.F) of the
solar cell was calculated [16].

Parameter of solar cell

There are many parameters were appear in solar cell these

parameters are fill factor (F.F) and efficiency n, where repre-

sent the ratio of the maximum power (P,,) divided by the short

circuit current (Ig.) times the open circuit voltage (V,) [16]:
P

FF=—™m"
voc * ISc (1)

The shunt resistors and the cell series directly affect the
values of the fill factor. The value of the fill factor increases to
its highest value by decreasing the series resistance (Rg) and
increasing the shunt resistance (R ;). The cell power is given
by [16]:

P=1V @

At the maximum power point and the cells operating point,
the value of P is as high as possible. This happened at a cor-
responding current /,, with some voltage V,,. The efficiency
of the cell 1) is calculated by the power out by the power of the
incident light (P;,) [16]:

Vm % Im
= ——x100%
Pin )

Efficiency is related to Ig. and V. using F.F then:

I Vi F.F
n= % X 100% 4)
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Fig. 2 SEM of pure GO, pure
CuPcTs and at mixing ratio
equal (1:1) thin films at 28 °C

SEM MAG: 50.0 kx 2 MIRA3 TESCAN| SEM MAG: 50.0kx |  Det: InBeam
WD: 5.00 mm z WD: 5.03mm | BI: 7.00 1pm
View field: 4.15 um _ Date(midly): 12/08/19 View field: 4.15 ym _|Date(midly): 12/10/19

SEM MAG: 50.0 kx | Det: InBeam
WD: 5.08 mm | BI: 7.00 1 pm
View field: 4.15 um | Date(midiy): 12/08/19

Fig. 3 SEM of pure GO, pure
CuPcTs and mixing ratio (1:1)
thin films at 150 C

SEMMAG: 50.0kx |  Det: InBeam SEMMAG: 50.0kx |  Det: InBeam
WD: 4.96 mm | BI: 7.00 ‘WD: 4.98 mm | Bi: 7.00 1 pm
View fiold: 4.15 ym | Date(midly): 12108119 View fiold: 4.15 ym | Date(midly): 12/10/19

SEM MAG: 50.0 kx |  Det: InBeam
WD: 496 mm | Bi: 7.00
o A |t s
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Fig. 4 pn junction that shows the region of depletion, space charge
layer and electric field

So, the following solar cell characteristics, F.F, V. I,
and P,, determine the performance and efficiency of the
solar cell.

Results and discussion

To study the structural properties of the prepared thin films
before and after annealing, the SEM device was used, where
the grain size was approximately 50 nm. The results showed
a change in the structural properties of the prepared films at
an annealing 150 “C, as shown in Figs. 2 and 3. By changing
the annealing temperature, it was observed that the struc-
tures of both GO and Cu-PcTs nanocomposites changed and
became smaller compared to the room temperature condi-
tion. Accordingly, this phenomenon indicates that the thin
films have grown parallel to the surface of the substrate and
become more little size with increasing temperature. It was
observed that the grains (like island) became separated at
the annealing temperature.

By using the setup in Figs. 4 or 5 and when highlighting
(halogen source) all the samples previously prepared and
shown in Table 1 and using the reverse bias, changes were
observed in the 4th part of the characteristic curve of current
and voltage (I-V), and this confirms the work of the samples
as a solar cell, as shown in Figs. 6 and 7, this does not apply
to the sample 61 sample at 28 “C. To measure the solar cell
efficiency, a fluctuation in efficiency value of manufactured
solar cells was observed, as shown in Table. The best value
for the efficiency of compound Cu-PcTs/GO was at the mixing
ratio of 1/0.25 at 28 °C, and the best value for the calculated
efficiency of the compound was 1/0.75 when annealing. This
brings good solar cell improvement. As for filling coefficient,
note the lower its value decrease when its value GO decreases
and after annealing except the samples 52 and 62. Through the
above results, we were able to manufacture a highly efficient
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Fig. S The solar cell set up
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Fig. 6 (I-V) characteristic of solar cell of pure GO, pure CuPcTs and
different mixing ratio thin films at RT
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Fig. 7 (I-V) characteristic of solar cell of pure GO, pure CuPcTs and
different mixing ratio thin films at 150 ‘C
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Table 3 The solar cell Sample Vm Im Voc Isc EF n

parameter
11 0.12 2.93E-02 0.25 6.34E-02 2.22E-02 3514
21 0.07 6.03E-03 0.14 1.32E-02 2.28E-01 0.422
31 0.04 5.25E-03 0.08 1.16E-02 2.27E-01 0.210
41 0.07 8.16E-04 0.15 1.87E-03 2.04E-01 0.0571
51 0.1 9.28E-03 0.25 2.31E-02 1.60E-1 0.927
61 - - - - - -
12 0.077 1.33E-02 0.159 3.35E-02 1.93E-01 1.0277
22 0.1 3.60E-03 0.24 9.53E-03 1.57E-01 0.359
32 0.09 2.33E-02 0.2 5.25E-02 2.00E-01 2.094
42 0.09 7.15E-04 0.22 1.96E-03 1.49E-01 0.064
52 0.09 1.51E-02 0.18 3.41E-02 2.21E-01 1.355
62 0.06 1.01E-03 0.11 2.61E-03 2.10E-01 0.060

solar cell by mixing different proportions of nanostructures,
and this work is new in this field (Table 3).

Conclusions

Through the foregoing, we conclude, the SEM indicates to
the existence of smooth grain morphology of the film and
the movie preferentially grows parallel to the surface; which
means that they have become nano as the annealing tempera-
ture extended. Also in this case the solar cell manufactured
in this way has a high efficiency for converting solar energy
into electrical energy. The best value for the efficiency of
compound CuPcTs/GO was at the mixing ratio of 1/0.25 at
28 °C, and the best value for the calculated efficiency of the
compound was 1/0.75 when annealing.
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