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1. Introduction

Solar energy is an alternative energy source to meet 
global energy needs in today’s life. In this regard, photovol-
taic technology is the best choice to face the global energy 
crisis because of its eternal nature. Solar cells, or also called 
photovoltaic cells (PV), are a technology that can convert 
solar energy in the form of photons into electrical energy. The 
process of converting electrical energy in PV utilizes photons 
in sunlight at visible light wavelengths to excite electrons in 
semiconductor materials so that electrons’ flow occurs.

Several generations of solar cells have been produced, 
each of which has advantages and disadvantages. There are 
several things that concern PV technology, including stabil-
ity, ease in the fabrication process, and especially energy ef-
ficiency. Currently, perovskite-type solar cells (PSC) made 
from organic (CH3NH3) and inorganic (PbX3, X=Br-, Cl-, I-) 
matters have attracted the attention of researchers because 
they can dramatically increase efficiency from 3.9 % in 
2009 to 22.1 % at present [1]. PSC also can absorb photons 
with a power conversion of more than 30 % [2], its simple 
structure and potential application to flexible substrates [3]. 
The advantages of PSC-type PV cells were described in full 
by [4], who stated that PSCs had good film formation prop-

erties, good transparency, and were close to infrared. Hole 
Transport Material (HTM) is an advantage of PSC as an 
electric charge layer, which significantly affects its efficiency 
increase due to its good transparency [5]. Next, we will de-
scribe some of the research results related to HTL and PSC.

From several research results, inorganic materials that 
are widely used as HTL are CuSCN [6], NiO [7], CuO [8], 
and MoO3 [9]. The wide usage is due to the excess of inor-
ganic materials compared to organic in terms of the higher 
mobility of the holes and a broader bandgap that could ab-
sorb more photons. Meanwhile, the advantages of modern 
organic materials, such as Poly(3,4-ethylene dioxythio-
phene): polystyrene sulfonate (PEDOT: PSS) as HTL PSC, 
are only in terms of efficiency of PSC cells. Unfortunately, 
this good efficiency does not last long due to its acidity, 
its tendency to absorb water, and especially its inability to 
block electrons [10]. Therefore, inorganic materials are still 
a better choice as HTL PSC compared to organic materials.

The HTL material criteria include that the valence bond 
in HTL must synchronize with the perovskite’s valence bond 
to reach high Voc. The mobility of the hole must be accept-
able to increase the fill factor, and good thermal stability. 
Another criterion that must be considered is the thickness 
of the HTL, which can improve PSC growth. Based on the 
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Organic metal halide perovskite has recently shown great 
potential for applications, as it has the advantages of low cost, 
excellent photoelectric properties, and high power conversion 
efficiency. The Hole Transport Material (HTM) is one of the most 
critical components in Perovskite Solar Cells (PSC). It has the 
function of optimizing the interface, adjusting the energy compat-
ibility, and obtaining higher PCE. The inorganic p-type semicon-
ductor is an alternative HTM due to its chemical stability, higher 
mobility, increased transparency in the visible region, and gener-
al valence band energy level (VB). Here we report the use of the 
Graphene Oxide (GO) layer as a Hole Transport Layer (HTL) 
to improve the perovskite solar cells’ performance. The crystal 
structure and thickness of GO significantly affect the increase in 
solar cell efficiency. This perovskite film must show a high degree 
of crystallinity. The configuration of the perovskite material is  
FTO/NiO/GO/CH3NH3PbI3/ZnO/Ag. GO as a Hole Transport 
Layer can increase positively charged electrons’ mobility to 
improve current and voltage. As a blocking layer that can pre-
vent recombination. The GO can make the perovskite interface 
layer with smoother holes, and molecular uniformity occurs to 
reduce recombination. The method used in this study is by using 
spin coating. In the spin-coating process, the GO layer is coated 
on top of NiO with variations in the rotation of 700 rpm, 800 rpm, 
900 rpm, 1,000 rpm, and 1,500 rpm. The procedure formed dif-
ferent thicknesses from 332.5 nm, 314.7 nm, 256.4 nm, 227.4 
to 204.5 nm. The results obtained at a thickness of 227.4 nm 
reached the optimum efficiency, namely 15,3 %. Thus, the GO 
material as a Hole Transport Layer can support solar cell perfor-
mance improvement by not being too thick and thin
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above criteria, [11] developed several organic and inorganic 
hole transport materials on the PSC.

From the description above, interesting things that need 
to be investigated are related to the type of HTL material 
that supports increased stability and efficiency of PSC by 
looking at electron mobility, blocking layer properties, and 
the ability to induce ions in perovskite material that gener-
ate electrons rapidly. One way to increase PSCs’ efficiency 
and stability is to add graphene oxide (GO) as HTL. It can 
be seen in the PSC working principle, where when the per-
ovskite layer absorbs photons, positive ions will be excited 
faster with the addition of GO. In contrast, negative ions 
will go to the electron transport layer (ETL). As a result, 
there will be a uniformity of the atoms in the perovskite, in-
creasing the electric current. The problem with the addition 
of GO as HTL is the synchronization of the value of the layer 
thickness and the PSC optimal rotation speed.

2. Literature review and problem statement

Research related to inorganic material types of GO and 
perovskite as a combination of inorganic and organic has 
been carried out by [12]. They combined these two materials 
at various GO concentrations, while perovskite material at a 
constant concentration. The efficiency obtained was 15.2. % at 
a concentration of 50 % GO. In this study, the GO solution’s 
concentration was constant, but the GO layer’s thickness was 
varied from the size of different spin coatings. It is essential to 
get the thickness synchronization of GO in nm units and spin 
coating in rpm to get the best efficiency. GO here functions as 
HTL, which is positioned below the perovskite material.

Researchers have conducted several studies using inorgan-
ic materials other than GO as HTL. The research that used 
sol-gel NiO nanocrystal (NC) material as the hole transport 
layer that was conducted by [13] can form well-crystallized per-
ovskite layers. NiO nanocrystal inorganic material produced 
the best PSC efficiency, namely 9.11 % at a thickness of 30 and 
40 nm using the doctor blade method. Meanwhile, the thick-
nesses of 20 nm and 70 nm have lower efficiency, namely 6.04 % 
and 5.58 %, respectively. At a low thickness of 20 nm, there is a 
chance of large leakage currents so that the low fill factor causes 
low efficiency, while at a high thickness of 70 nm, higher resis-
tance can occur. This research is quite informative, but needs to 
be tested for different methods and materials, whether it is still 
consistently showing high efficiency at 30 and 40 nm thickness. 
Meanwhile, a study using Spiro-OMeTAD material conducted 
by [14] stated that 180 nm HTL thickness resulted in optimal 
efficiency of around 15.5 % and decreased efficiency to 10.8 % if 
the thickness was above 180 nm. Unfortunately, this study does 
not display the number of the round in the HTL thickness, but 
only says that the rotation is varied. It appears that the thick-
ness of the HTL layer is an essential part of an anticipatory step 
to avoid recombination. However, whether HTL thickness is a 
major determinant of increasing PSC efficiency, further inves-
tigation is needed to conclude this.

Furthermore, [15] describes the results of her research 
using the spiro-OMetad material at various rotational 
speeds; 100 nm, 4000 rpm; 200 nm, 2,000 rpm; and 400 nm, 
700 rpm with a layer of HTL solution on the perovskite 
surface for 20 seconds. The rotation speed ratio and the 
thickness of the material show that the increase in rota-
tion is accompanied by a decrease in thickness (2,000 rpm, 
200 nm; 4,000 rpm, 100 nm). But what becomes a question 

mark at 700 rpm, why is it much thicker to 400 nm. Hypo-
thetically, this will slow down coating time. Next for 50 nm, 
the spiro-OMeTAD concentration was reduced by half, 
while the additive ratio remained the same, and the solu-
tion was coated at 4000 rpm for 20 seconds. Analogously, 
the spiro-OMeTAD concentration file increased by 1.5 to 
600 nm, the additive ratio remained the same, and the solu-
tion was coated with a spin at 700 rpm for 20 seconds. The 
results obtained are that the optimum efficiency is 13.5 % at 
2,000 rpm rotation with a thickness of 200 nm.

Therefore, this research will investigate Graphene Ox-
ide’s performance (GO) as the Hole Transport Layer (HTL) 
in the Spin-Coating Process on the PSC. The rotation and 
thickness of the HTL are synchronized to get the best per-
formance, which results in optimum efficiency with good 
current-voltage stability.

3. The aim and objectives of the study

This study aims to determine the optimal thickness of 
Graphene Oxide which functions as a Hole Transport Layer 
which can increase the efficiency of the PSC. 

To achieve this goal, the following objectives are formulated:
– measuring the current and voltage of the PSC in spin 

coated variations of GO 700, 800 900, 1,000 and 1,500 rpm;
– testing the properties of the GO hole transport layer 

by SEM;
– tested GO crystal grain display with XRD.

4. Materials and methods 

NiO film was made by mixing Nickel Acetate Tetrahy-
drate and Monoethanolamine into ethanol, both at a concen-
tration of 0.1M. The mix was then stirred on a hot plate at 
70 °C for 4 hours until the conditions are homogeneous and 
green. The same has been done by [16]. Then, 2 mg/ml of 
graphene oxide (Sigma Aldrich). Then to get a concentration 
of 2 mg/ml GO obtained from Sigma Aldrich. In fact, GO 
is an inorganic material that is an insulator, so to eliminate 
this property it is necessary to reduce it by using chemicals 
and heat treatment methods that can generate electric ener-
gy [17–20]. In other words, GO which is an insulator must 
be reduced with certain treatments to convert it into rGO, 
which is a conductor that produces electrical power. 

Meanwhile, Methylammonium Iodide (MAI) solution is 
made by dissolving 90 mg of MAI powder in 2 ml of isopro-
panol (IPA) solvent known as isopropyl alcohol (2-propa-
nol). Lead Iodide (PbI2) solution was prepared by dissolving 
900 mg of PbI2 powder in 2 ml of N-N-Dimetilformamida 
(DMF) solvent, then stirred at 70 °C for 24 hours. Centrifu-
gation is necessary before use to obtain a clear PbI2 solution.

ZnO nanoparticles were made; namely, zinc acetate dehy-
drates (2.95 g, 13.4 mmol) into methanol (125 ml) then stirred 
at 65 °C. KOH (1.48 g, 23 mmol) into methanol (65 ml) heated 
at 60–65 °C for 15 minutes. Then the reaction was mixed and 
stirred for 2.5 hours at 65 °C. After that, it was cooled to room 
temperature. Before use, ZnO nanoparticles were filtered first 
using a 0.45 μm PVDF syringe filter [21].

The technique used in this research is a variation of the 
GO rotation as HTL on the PSC structure. The variations of 
the GO rotation are 700 rpm, 800 rpm, 900 rpm, 1,000 rpm 
and 1500 rpm.
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The final process includes the fabrication of Solar Cells 
on FTO glass substrates. The FTO pattern was cleaned 
ultrasonically with acetone, detergent, and acetone again, 
followed by UV-Ozone Cleaner for 25 minutes [22]. NiO 
film deposition was carried out by spin-coating at 1,000 rpm 
for 60 seconds on the FTO glass substrate. After that, it 
was annealed at 250 °C for 30 seconds. The GO solu-
tion was spin-coated at 700 rpm, 800 rpm, 900 rpm, 
1,000 rpm, and 1,500 rpm for 60 seconds, after which it 
was annealed at 200 °C for 60 minutes. The perovskite 
spin-coating process began with spin-coating of the 
PbI2 solution at 1,000 rpm for 30 seconds. Then, the 
MAI solution was spin-coated on top of the PbI2 layer 
at a speed of 1,000 rpm for 30 seconds. As a result, there 
was a conversion from PbI2 to CH3NH3PbI3 perovskite 
that was then annealed at 100 °C for 20 seconds. ZnO 
nanoparticle coating was spin-coated on the substrates 
at 1,000 rpm for 30 seconds. The results of the film 
are dark brown and following what was done by [23]. 
Finally, about the thickness of 100 nm, the electrode’s 
silver layer was attached using a thermal evaporator at 
a pressure of 1×10-6 mbar. The two sides were set in the 
binder clip to keep the cell structure in good condition. 
For this reason, PSC solar cells are ready to be tested.

Tests were carried out in the form of measuring cur-
rents and voltages using a data logger to determine the 
performance of solar cells. Scanning Electron Micro-
scope (SEM, FEI Inspect–S50) was used to investigate 
cross-sectional morphology of the solid-state devices. 
X-ray diffraction (XRD) pattern was obtained using a 
PANalytical/X’Pert PRO diffractometer with Cu Kα 
radiation at a scan rate of 0.02°/s in the 2θ range from 10° 
to 90° under operation conditions of 40 kV and 35 mA. 
In terms of sample analysis in this study, the XRD used was 
compared with the Raman Spectroscopy method. XRD can 
analyze samples quickly because it does not need to heat 
through laser radiation, which can damage the sample. This 
means that XRD has a high sensitivity. Besides, XRD can 
be used to analyze metals or alloys and can reveal the micro-
structure lattice and crystal phase of the sample [24]. Howev-
er, XRD also has limitations in terms of the size crystal struc-
ture. The usual small structures are not readable by XRD [25].

GO thickness is obtained from 
variations in rotation. Each rotation 
produces a different thickness of the 
GO. GO thickness measurements 
can be made by cutting the fabricat-
ed sample to obtain a clear surface. 
The sample to be analyzed is placed 
in a holder measuring ±10 mm. Then 
the sample is placed into the SEM 
chamber. The test equipment will 
display the results of the material 
layer thickness readings on the com-
puter screen. This is known by using 
the SEM cross-section tool. This can 
be seen in Fig. 4.

Fig. 1, a shows the fabricated 
structure of perovskite solar cells. 
The perovskite solar cell structure 
contains several parts, namely Flu-
orine Tin Oxide conductor glass as 
an electrode work substrate, NiO as 
Hole Transport Layer 1 for stabil-

ity, Graphene Oxide is a level 2 Hole Transport Layer, which 
functions to accelerate the flow of positively charged electrons 
and can block negatively charged electrons, perovskite layer to 
absorb photons, ZnO as Electron Transport layer and Ag as a 
counter electrode. The PSC mechanism with the addition of 
Graphene Oxide as HTL can be seen in Fig. 1, b.

When the perovskite layer absorbs light, there will be ions: 
positive ions and negative ions. Electrons that are positively 
charged will go to HTL, and those negatively charged will go to 
ETL. Graphene Oxide as HTL serves to increase the mobility 
of positively charged electrons. The increase in electron mobil-
ity causes an increase in current and voltage. Besides, GO also 
functions as a blocking layer to prevent electron recombination.

A test scheme was carried out to determine the amount 
of electrical energy produced by the PSC, as shown in Fig. 2.

Fig.	1.	PSC	device	configuration:	a	–	fabricated	structure	of	PSC;		
b –	mechanism	of	electron	transfer	from	perovskite	to	GO;		

c	–	GO	structure

a

b

Fig.	2.	Research	equipment	installation
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As seen in the research installation image above, the PSC 
current and voltage is a radiation generator consisting of a 
halogen bulb in a solar simulator (1). Perovskite solar cells 
are objects in this study used to determine performance (2). 
Temperature sensors were used to measure the temperature 
of solar cells (3). Intensity sensors were used to measure the 
intensity of halogen lamp radiation (4). A solar simulator 
was used as a solar cell measurement (5). The current and 
voltage were measured using a data logger to determine the 
PSC’s performance (6). The computer is a tool to test the 
current and voltage generated by the PSC.

5. Results of the research on increasing the efficiency of 
perovskite solar cells with graphene oxide as the hole 

transport layer

To get the efficiency results of perovskite solar cells with 
graphene oxide as the hole transport layer, several tests were 
carried out.

5. 1. Current and voltage testing with variations in the 
thickness of Graphene Oxide

The fabrication device’s photovoltaic characteristics 
were characterized under simulation A.M. 1.5 illuminations 
at 100 mW/cm2. The plot of device current voltages is shown 
in Fig. 3. The average short-circuit current density (Jsc), 
open-circuit voltage (Voc), fill factor (ff), and power conver-
sion efficiency values for each set of devices are summarized 
in Table 1.

Table	1

Comparison	of	GO	thickness	in	HTL

Spin Coated 
(rpm)

Thickness 
GO (nm)

Voc 
(V)

Isc 
(mA/cm2)

FF
PCE 
(%)

700 332.5 0.72 16.8 64.12 7.76

800 314.7 0.797 16 66.97 8.54

900 256.4 0.745 17.7 73.58 9.7

1000 227.4 0.982 17.9 87.04 15.3

1,500 204.5 0.923 16.7 77.2 11.9

The data in Table 1 shows variations in the thickness 
of the thin film GO and spin-coated rotation, which affect 
the efficiency of the PSC’s electrical energy conversion. The 
lowest efficiency was obtained at the lowest rotation (7.76 %: 
700 rpm). The highest efficiency was not obtained at the 
highest rotation but 1,000 rpm with an efficiency of 15.3 %. 
It can be concluded that synchronization occurs between 
rotation and thickness of GO at 1,000 rpm, not 1,500 rpm.

5. 2. Testing SEM cross-section with GO as HTL
A uniform thin film was coated on the FTO glass using 

spin coating to determine the transport properties of the GO 
in PSC holes. Fig. 3, a–e show SEM images of the resulting 
hole transport layer with spin-coatings at 700 rpm, 800 rpm, 
900 rpm, 1,000 rpm, and 1,500 rpm, respectively. Fig. 3 
shows the corresponding top view in each image. 

The SEM image shows that the PSC is uniform, smooth, 
with a well-crystallized and packed granule. The proce-
dure formed different thicknesses from 332.5 nm, 314.7 nm, 
256.4 nm, 227.4 to 204.5 nm. Fig. 4 shows an SEM cross-sec-
tion photo showing the material’s layer arrangement where 
the GO’s thickness is visible.

Fig.	3.	SEM	image	of	PSC	at	GO	variation:	a	–	332.5	nm;	
b	–	314.7	nm;	c	–	256.4	nm;	d –	227.4;	e	–	204.5	nm

a

b

c

d

e
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Fig. 4 shows a cross-sectional SEM image of glass 
film/FTO/NiO/GO/CH3NH3PbI3. To prepare this film, 
we apply a deposition method with a spin coating. Vari-
ations in thickness can easily distinguish the GO layer.

5. 3. XRD testing with GO as HTL
The XRD patterns of the GO samples made at various 

cycles are shown in Fig. 5.

At rotation between 700 and 900 rpm, the diffraction 
peaks are still weak, and the crystals are not visible. This 
means that the amount of rotation is still amorphous. Fur-
thermore, at rotations above 900 rpm (1,000 and 1,500 rpm), 
crystal grain growth has started to occur, indicated by a 
small peak at 2θ around 50°. Later at 2θ about 30°, the ap-
pearance of the crystalline granules will be better. The same 
thing was obtained by [14] at a heating treatment of 900 °C.

6. Discussion of the thickness variation of GO as HTL in 
perovskite solar cells

6. 1. Discussion of the results of thickness variations 
of GO by testing current and voltage against optimal effi-
ciency in perovskite solar cells 

Fig. 6 shows the effect of GO thickness as HTL on 
PSC devices performance. The thickness of the GO layer 

is obtained from the spin-coating variation method. It 
can be seen that on the device, the thickness of the GO 
is 227.4 nm, the Voc, Isc, and FF values are optimal so 
that the highest PCE is also obtained. Devices that use a 
332.5 nm thick GO layer have slightly lower device per-
formance; hence, the PCE is also small, as can be seen in 
Fig. 7. At 227.4 nm thickness, the average voltage is 0.97 V, 
current 17.9 mA/cm2, fill factor 78 %, and PCE 14 %. The 
thick GO film absorbs a lot of light but contributes little to 
the Isc currents. Due to the large series resistance to the 
device, it causes the fill factor to drop. Also, if the thickness 
of GO is 204.5 nm, the efficiency will be low (11.9 %). It is 
due to the low absorption of light, where the electrons move 
slowly. The GO thin layer can cause the perovskite material 
to quickly penetrate the NiO layer under the GO so that 
electron recombination can occur.

It can be briefly described that the GO thin film at 
227.4 nm thickness deposited on top of the NiO layer is 
an effective hole transport layer in the PSC. The PSC de-
vice’s efficiency value obtained by varying the thickness of 
GO as HTL is comparable to that of devices made on NiO 
to support the growth of perovskite material. If we look at 
the test conducted by [14] on the Spiro OMeTAD mate-

rial, the highest efficiency at 
180 nm thickness is 15.5 %. 
However, the efficiency will 
decrease if the thickness is 
above 180 nm. Likewise, 
in [15], the highest efficiency 
obtained was at a thickness 
of 200 nm with a rotation of 
2000 rpm. It means that GO 
as HTL still produces the 
highest efficiency at 227.4 nm 
thickness. It is because GO is 
based on the carbon element 
with a unique property, name-
ly the ability to induce elec-
trons with a greater positive 
charge. The thermal treated 
GO has properties similar 
to the reduction of GO. GO 
reduction has a tiny band 
gap, so it is capable of swift 
electron transfers. It is what 
causes an increase in electric 

current and voltage. Uniquely, PSC efficiency decreases 
when the GO’s thickness is below 227.4 nm (204.7 nm) 
and above 227.4 nm (332.5 nm). These results indicate 
the importance of paying attention to GO concentration. 
During testing, the GO solution’s concentration when in 
spin-coating was still not optimal for the cross-sectional 
area of conductive glass. It is a recommendation for further 
research on the amount of solution concentration with the 
cross-sectional area. It should be noted that the amount 
of concentration of GO solution dramatically affects its 
ability to induce positive ions in perovskite material, as 
well as its ability to block negatively charged electrons.

Recent developments in the deposition of highly uniform 
thin films with thickness values ranging from a single layer 
as HTL to two layers or bilayers in large area HTL make it 
easy to include GO as HTL on PSCs. In this study, GO as 
a bilayer layer aims to increase electron mobility, which can 
increase the current and voltage as shown in Table 1.

Fig.	4.	SEM	cross-section	PSC

Fig.	5.	XRD	on	the	PSC	with	variations	in	GO	thickness
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The limitation in this research is the rotation variation 
of 700, 800, 900, 1,000 and 1,500 rpm. The concentration 
of the solution is 100 μl. GO heating time is 60 minutes at a 
temperature of 200 °C.

From the results of this study, there are several things 
that need to be developed, namely variations in rotation 
that should be neatly arranged, for example, 700, 800, 900, 
1,000, 1,100, 1,200, 1,300, 1,400 and 1,500 rpm. The total 
concentration of the solution must correspond to the area of 

the FTO conductive glass substrate. The GO heating time 
needs to be varied to get a result that is close to rGO. This is 
done to get optimal efficiency.

6. 2. Discussion of the results of thickness variation of 
GO with SEM testing

The 3D figure above shows a well-crystallized cubic 
phase of the CH3NH3PbI3 perovskite layer formed on 
top of the GO layer. The clear cubic phase occurs at low 
thickness. This figure shows that a thicker layer of denser 
and larger cubic CH3NH3PbI3 crystals can be formed in 
the GO layer. The film’s surface roughness plays a large 
role in directing the perovskite layer’s growth, especially 
for depositions using spin coating. Understandably, the 
roughness causes PbI2 to be deposited in a relatively thick 
layer and is well connected by a high-speed spin layer. 
Thanks to this dense, well crystallized, interconnected, 
and thick layer of CH3NH3PbI3, perovskite solar cells 
based on the GO layer can provide higher efficiency due 
to higher currents and voltages.

The limitation in this 
study is the measurement of 
the GO surface against the 
growth of the perovskite 
layer using SEM testing. 
However, to get the com-
position of elements in a 
sample surface, EDS (Ener-
gy-Dispersive X-ray Spec-
troscopy) is used. The aim 
is to determine the compo-
sition of the elements in the 
PSC, especially the carbon 
content.

6. 3. Discussion of mi-
crostructure characteris-
tics of GO synthetic ma-
terials 

Referring to Fig. 5, 
it appears that the XRD 
pattern on the spin coat-
ing from 700 to 900 rpm 
has no evident difference. 
It indicates that the GO 
aromatic layer’s build-up 
structure is increased, or 
the structure that has not 
been evenly distributed is 
still amorphous. While at 
1000 rpm and 1500 rpm, 
the XRD pattern has 
appeared at an angle of 
2θ=30° and 50°. So, in this 
case, crystallization has 

occurred. The appearance of these peaks causes the atom-
ic crystals to begin to arrange neatly. The narrower and 
higher the peak, the better the size and slice of the aro-
matic layer [14]. If the atomic crystal crystals are neatly 
arranged, photons’ absorption is optimal, causing a high 
fill factor. The high fill factor will affect the increase in 
solar cell performance. Based on the theory and XRD re-
sults above, it can be seen that some microcrystalline GO 
structures are microscopic at low rotation. The XRD re-

Fig.	6.	Representative	J – V	curves	of	PSC	with	thickness	
variation
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sults suggest the successful conversion of GO precursors 
into rGO and graphene layers. 

The limitation in this study is the measurement of 
GO crystals using XRD. However, to obtain smaller 
nano-sized GO crystals measurements used Raman Spec-
troscopy.

7. Conclusions

1. The spin-coated GO variations on the PSC resulted 
in an increase in current and voltage at the PSC with the 
highest current and voltage values, namely 17.9 mA/cm2 
and 0.982 V at 1,000 rpm. The increase in current and 
voltage causes the efficiency to increase by 15.3 %. The 
increase in current is due to the faster ability of GO as 
electron mobility.

2. The variation of spin-coated GO on PSC causes 
morphological changes in the hole transport layer, namely 

the increasing rotation causes the roughness of the GO 
surface to be uniform, smooth and crystallized so that the 
relationship between the GO layer and perovskite layer 
is good.

3. The variation of spin-coated GO on the PSC causes 
the formation of GO crystal structures due to the high 
rotation of 1,000 rpm and 1,500 rpm. At 1,000 rpm and 
1,500 rotation, crystals have been formed at an angle of 
2θ=30° and 50°. This is due to the subtle variability of the 
GO surface.
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