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Introduction
Today, the development of graphene quantum dots and graphene Nano-particles in various 

industries, including the manufacture of medical parts [1], detectors [2] and solar cells [3,4], 
is of great interest to researchers. In the meantime, due to the strong need of mankind for the 
use of clean energy, graphene plays a brilliant role in the development of solar cells. The results 
of previous research show that solar cell design with graphene can increase the efficiency 
of deep energy conversion by 30.8% [5]. Also, by using titanium with oxide-graphene solar 
cells, the fill factor coefficient can be increased up to 73.4% [6]. The results also show the 
importance of new methods in making these cells. A combination of Li+GO can also increase 
the fill factor up to 70.3% [7]. According to this brief introduction, the development of solar 
cells with graphene particles still needs further investigation. The methods of applying Nano-
particles on surfaces should be investigated and its effects on performance parameters such 
as illuminance and the like should be analyzed. In the continuation of the current research, 
the cases will be examined.

Material and Methods

Figure 1: A view of the solar cell used in the present study.

In the present study, a poly-crystalline silicon and photovoltaic solar cell was used to 
investigate the efficiency of the solar cell. Figure 1 shows a view of the solar cell. In order 
to increase light absorption, an anti-reflection layer was created on the cell. After preparing 
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Abstract
Graphene one of the amazing materials is researched by researchers due to its high conductivity, high 
absorption coefficient and desirable physical properties. In current research, by applying graphene on 
the solar cell surfaces, the characteristics of the cell were investigated. The results showed that with this 
method, the fill factor coefficient of the solar cell increases between 6 and 15.3%. Also, the measurement 
of illuminance changes showed that the presence of graphene increases the illuminance by 21.2%, which 
is a significant growth.
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the solar cell, in order to apply graphene Nano-particles, the Nano-
particles were first dissolved in ethanol solution. A magnetic stirrer 
was used for complete solution and uniformity of the solution 
and the solution was stirred for 90±1 minutes. Figure 2 shows 
the dimensions of graphene powder and graphene layers before 
dissolving in the solution. The interconnected layered sheets of 
graphene are evident in the Figure 2.

Figure 2: SEM micrograph of graphene before dissolved 
in ethanol.

After solubilization, the desired solution was applied on the 
surface of the solar cell at ambient temperature and pressure. After 
applying the solution, the cell was heated at a temperature of 82±2 
degrees Celsius so that the graphene dots remain on the surface and 
the ethanol evaporates. In order to check the efficiency of the solar 
cell, before applying the graphene nanoparticles, the cell took on 
the task of turning on a 3-W COB lamp. The fill factor and the length 
of time the lamp stays on before applying graphene nanoparticles 
were measured. Then, after applying the nanoparticles, the test 
parameters were measured again and compared with the initial 
conditions. It should be noted that for further investigation, the 
deposition of graphene dots was repeated five times with the 
mentioned method. This action leads to the creation of a layer of 
graphene, which causes changes in cell function. It should be noted 
that after applying a layer with the mentioned method, the tests 
were repeated and the results were recorded.

Results and Discussion
Figure 3 shows the XRD analysis of the surface after the process. 

In the XRD pattern graphite peak in 26.22, 44.36 and 83.16 - 2θ 
were observed. Also, the Si peak was observed in 8.19-2θ. Of course, 
it should be noted that due to the use of ethanol, peaks of hydrogen 
are detected at 26.07-2θ, which overlap with graphite. The presence 
of graphite is a confirmation of the existence of the layer on the 
surface. Figure 4 shows the results of the FF (Fill Factor) coefficient 
after applying each layer of graphene dots and without applying the 
layer. This coefficient is one of the most important coefficients in 

solar cell performance [8]. As it is known, by increasing the number 
of graphene layers, the fill factor has increased until the maximum 
performance is achieved after 4 layers. However, it should be noted 
that after applying 5 layers and repeating 5 steps, the coefficient has 
decreased and probably due to the increase of layers, the efficiency 
has decreased slightly. Of course, in the end, the FF coefficient is 
still increasing compared to the case where no layer is applied, and 
this is a sign of improved cell performance. Of course, it has been 
observed in some researches that with the increase of graphene 
layers, FF coefficient continues to increase [9] which is due to 
the difference in the methods of applying graphene. The current 
research method is considered as a simple and economic method.

Figure 3: XRD pattern after process. 

Figure 4: Effect of graphene layer number on FF factor.

Figure 5 shows the comparison of the lifespan of the light for 
COB lamp in different situations. As can be seen, after applying the 
first layer, the lamp’s duration stays on has increased by 6% and 
this amount increases to 15.3% in the fourth layer. It should be 
noted that these numbers are practically measured. Obviously, the 
presence of graphene increases light absorption and conductivity 
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[10] and therefore leads to an increase in efficiency in keeping the 
lamp on, which is considered as a desirable result. Finally, Figure 6 
shows the illuminance in different situations. Lutron LX 1118 digital 
light meter was used to measure light intensity (illuminance). The 
light intensity is directly related to the power generated in the cell, 
as the results show, with the increase in the number of graphene 
layers, the illuminance has increased from 182 to 231 Lux. Similar 
results have been shown in the field of quantum efficiency of 
graphene dots in previous researches. The results show that the 
quantum efficiency also increases from 0.2 to 3.62 [11], which 
is similar to this issue in the present study. Since graphene has 
a quantum behavior in the nanoscale, this behavior leads to an 
increase in efficiency and, as a result, an increase in illuminance.

Figure 5: Effect of Graphene Layer Number on lifespan 
of the light.

Figure 6: Effect of Graphene Layer Number on 
illuminance.

Conclusion
In general, graphene as one of the new materials plays a very 

effective role in the development of solar cells. In the current 

research, with a simple and economical method, graphene Nano-
particles were applied on the surface and after creating different 
layers, the optical and physical properties were investigated. In 
general, the results have shown that:

A. Graphene plays an effective role in increasing the FF 
coefficient of solar cells and can increase this coefficient by 
15%.

B. The presence of graphene increases the illuminance and 
this issue has an effective role in the efficiency of the cell.

C. The graphene plays an effective role in the length of time 
the lamp stays on and the efficiency of the cell increases.

D. It is suggested that in the future, researchers should 
provide more research by applying graphene quantum dots and 
analyzing the above parameters again.
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