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Abstract

The organometal perovskite trihalide (MAPbI;) based solar cell has attracted the attention
of many researchers because it has the potential to be a third-generation solar cell that has

This work is licensed high efficiency, flexibility and transparency. However, this perovskite solar cell is
dera Creati ”» . .

e e sensitive to the environment and lle.ss stable. In thls study, a performgnce stu.dy of

ShareAlike 4.0 perovskite solar cells with the addition of magnesium acetate was carried out in the

et ] .
B MAPDI; synthesis process and the use of carbon electrodes. In general, the perovskite solar

cell arrangement in this study consisted of ITO/TiO, mp/MAPbIs/carbon paste.
Mesoporous TiO, (mp) coating was carried out using the screen printing method, while
MAPDI; coating was carried out with a two-stage spin coating with the addition of
magnesium acetate after Pbl, coating in the first stage. The samples obtained were then
characterized using an X-Ray Diffractometer (XRD). Analysis of the performance of solar
cells was carried out by measuring I-V and photoresponses using a solar simulator. XRD
results show that MAPbI; film has been formed even though there is still impurity of Pbl,.
The resulting solar cell performance has a value of Vo = 3.45 V and Jic = 0.04 with an
efficiency of around 0.09%. In the measurement of the response photo, the increase in
time value was 7.29 s and the decay time was 34.38 s. The low-efficiency value is probably
due to the absence of a layer of hole transfer materials (HTM) and the presence of Pbl,
impurities. However, the stability of the photoresponse pattern against time has shown
quite good results even though the response is increased or the decay is slow.

Keywords: Organometal perovskite trihalide (MAPbI3), perovskite solar cell, magnesium

acetate, carbon electrodes, performance solar cells.

1. Introduction

Solar energy is a clean, accessible, and abundant source of energy. So far, the use of solar energy as
electrical energy is still not optimal. Solar cells are devices that can convert solar energy into electrical
energy directly. One type of solar cell that is on the photovoltaic market is a silicon-based solar cell.
However, this solar cell has relatively low efficiency, is not transparent, and requires high technology
in the manufacturing process. Therefore researchers continue to develop types of solar cells that are
inexpensive, relatively simple synthesis, and high efficiency.

One of the solar cells that have received a lot of attention from researchers is the organometal
perovskite trihalide (MAPbIs) solar cell. This is because MAPbI; has good optoelectronic properties
[1], [2], more extended electron-hole diffusion [3], high mobility [4], and low exciton binding energy
[5]. In addition, MAPDI; is transparent, can be synthesized on flexible substrates, and has a high enough
efficiency, which is more than 22% [6], [7].

Besides the various advantages possessed by perovskite solar cells, this solar cell also has various
problems to mass-produce. One of the main problems is low stability. Several factors that influence the
instability of solar cells come from the perovskite and hole transport material (HTM) used, such as
Spiro-OMeTAD [8], NiO [9], PTAA [10], and P3HT [11]. This HTM layer can result in the degradation
of the perovskite due to the migration of halide ions and metal ions [12]. In addition, the high cost and
unstable operation of HTM are also problems in the perovskite solar cell (PSC) fabrication.
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One of the efforts being developed is the fabrication of perovskite solar cells without using HTM
[13] but by directly using hole extraction electrodes such as Au [14], Ni [15], or carbon [16]. Perovskite
solar cell fabrication with carbon (C-PSC) has shown better stability than HTM-PSC [17]. However,
magnesium acetate in the synthesis of MAPbI; and combination with carbon has not been widely
studied. Therefore, in this study, perovskite solar cells doped with magnesium acetate were carried out
to increase perovskite stability. Perovskite synthesis was carried out using a two-stage method with
magnesium acetate in the first stage, then characterization and performance test of solar cells were
carried out.

2. Method

2.1. Material

The materials used in this study were Methylamine Hydroiodide (low water content), Lead (II) lodide
(99.99% trace metals base), N, N-dimethylformamide (DMF) anhydrous, 99.8% (Sigma Aldrich),
Indium glass substrate-doped tin oxide (ITO), Magnesium acetate (MgAc»), ethanol, isopropyl alcohol
(IPA), N, N-dimethyl sulfoxide (DMSO), Titanium Oxide (TiO,) powder, Titanium (IV)
(riethanolaminato) isoproxide, Nitric acid (HNO3), Polyethylene glycol 6000 (PEG-6000), Triton X-
100, and black conductive carbon paste.

2.2.  Synthesis of CH3:NHsI and Pbl, Solutions

The 0.24 M of methylamine hydroiodide (CH3NH;3I) powder was dissolved in 15 ml of isopropyl
alcohol (IPA), then stirred using a magnetic stirrer at room temperature at a speed of 1000 rpm.
Furthermore, the Pbl, solution was prepared by mixing 1 M Lead (II) iodide (Pbl,) into DMF/DMSO
(10/1), then stirring it on a hot plate at 100 °C (1000 rpm). The resulting Pbl, solution is homogeneous
and yellow, while the CH3NH3I solution is yellow and homogeneous.

2.3.  Synthesis of Mesoporous TiO:

One gram of TiO, powder was crushed for 15 minutes, then 0.25 g of Polyethylene glycol 6000 (PEG-
6000) were added. The TiO, and PEG-6000 were crushed again for 30 minutes until the powder looked
smoother and evenly distributed. One mililiter of nitric acid (HNO3) and 1 drop of Triton X-100 are
added to the powder resulting from grinding. Furthermore, the grinding is carried out for 10 minutes
until it produces a white and even paste.

2.4.  Fabrication of Perovskite Solar Cell

Indium-doped tin oxide (ITO) glass substrate was washed first with ethanol, acetone, and deionized
water for 10 minutes each using an ultrasonic cleaner. Blocking layer was prepared by mixing 0.5 ml
of Titanium (IV) (riethanolaminato) isoproxide into 5 ml of isopropyl alcohol (IPA), then stirring for
120 minutes at room temperature. The blocking layer solution was coated onto the ITO substrate and
spin coating was carried out for 1 minute. The deposition of the mesoporous TiO; layer was carried out
using the screen printing method, then heated at 500 °C for 30 minutes. MgAc. solution was prepared
by dissolving 0.5 grams of MgAc; in 100 ml of deionized water and stirring it at room temperature for
20 minutes. The Pbl; solution was dripped on top of ITO/TiO, mp and a 3000 rpm spin coating was
carried out for 20 seconds, then 3 drops of MgAc; again and heated at 100 °C for 10 minutes. ITO/TiO;
mp/Pbl; was dripped with CH3NHjsl solution and was done spin coating for 20 seconds then heated for
10 minutes. Deposition of Pbl, and MAI solutions was carried out in a controlled environment with RH
50%. Carbon paste is dripped on ITO/TiO, mp/MAPbI; and followed by spin coating for 20 seconds
(3000 rpm) then heated on a hot plate at 100 °C. The ITO/TiO, mp /MAPbIs/carbon paste layer was
successfully fabricated and then used for characterization and measurement as shown in Figure 1.

2.5. Characterization and Measurement

The XRD structure and pattern were obtained using X-Ray diffraction (XRD) from the XPERT-PRO
diffractometer system. The current-voltage density curve (J-V) and the photoresponse were measured
using a solar simulator under illumination of 100 mW cm with a perovskite area of 1 cm?.
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Figure 1. ITO/TiO2 mp/MAPbI3/Carbon Paste film fabrication.
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Figure 2. XRD pattern graph of ITO/TiO2 mp/MAPbIs/Carbon Paste film.

3. Result and Discussion

3.1.  Analysis of X-Ray Diffraction (XRD)

The perovskite film that has been fabricated is characterized by X-Ray Diffraction (XRD) to determine
the diffraction pattern of the formed crystals. Figure 2 shows that there are some of the highest peaks
with field hkl, namely (001) at 25.29°, (002) at 30.11°, (013) at 37.59°, (020) at 48.07°, (022) at 53.93°,
and (024) at 62.65°. The diffraction pattern above shows that there is a Pbl, peak located at an angle of
48.07° which indicates that Pbl, does not convert well to MAPbI; and angles other than 48.07° indicate
a MAPDI; peak formed from the reaction of MAI and Pbl.. This shows that the addition of DMSO in
the Pbl, solution can slow it down crystallinity of Pbl, [18]. In addition, the crystal size can also be
obtained by using the Scherrer equation [19] with an average crystal size of 24.21 nm.

3.2.  Analysis of Current Density-Voltage (J-V)

Figure 3 shows the J-V curve using commercial carbon paste as the electrode. The efficiency of
perovskite solar cells obtained by measurements using a solar simulator is 0.09%. Another study using
carbon electrodes also resulted in an efficiency of 7.84% with FF and J, values of 0.6% and 18.54 mA
cm?, respectively [20]. The FF value generated in this study is under research [20], but the efficiency
value carried out using this carbon paste is minor less than using CNT. This small efficiency predicted
to have the effect of adding a layer of carbon paste as an uneven and thick electrode material. As a
result, the hole displacement occurs very slowly so that the resulting efficiency is small compared to
the CNT layer. The thicker the carbon layer used as the electrode material, the smaller the resulting
efficiency [21]. Theoretically, the carbon paste layer as a thicker electrode affects the crystallization of
MAPDI; and Pbl;, substantially, which is the infiltration rate of MAI and Pbl, and blocks the diffusion
of the Pbl, precursor from the carbon paste layer to TiO, so that the filled pores become unequal [22].
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Figure 3. The J-V curve of a perovskite solar cell using carbon paste as an electrode.
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Figure 4. Graph of (a) the response of carbon-based perovskite solar cells to light and (b) Fitting of perovskite solar cell
photoresponse in cycle 1 (red box).

3.3. Analysis of Photorespon

Figure 4.a shows an increase in current in the first 15 s when the solar simulator lamp is turned on and
a decrease in the next 15 s when the lamp is turned off. The graph above indicates that the perovskite
film has been successfully fabricated and can be applied in a photodetector with the highest and lowest
current values of 0.32 pA and 0.29 pA, respectively. The value of this electric current is better than the
results of other studies with a value of 0.0028 pA [23]. Figure 4.b shows a graph of the fitting between
current and time with light irradiation on or off using the exponential equation [24]. Figure 4.b shows
that the time increase value is 7.29 s and the decay time is 34.38 s. The increase in time of carbon-based
perovskite solar cells is shorter than the time decay, this is because the light illumination in the
perovskite produces electron-hole pairs so that electrons are easily excited from the conduction band to
the valence band and the holes oxidize oxygen ions on the perovskite surface. When the lamp is turned
off, the holes that react with oxygen ions find it difficult to escape due to the oxidation process so that
it takes a long time to be oxidized [25]. Therefore, the decay time takes longer than the time when the
perovskite shows the light response.

4. Conclusion

The synthesis of carbon-based perovskite thihalide (MAPDIs) solar cells has been fabricated with
efficiency and fill factor (FF) of 0.09% and 0.64%, respectively. Based on XRD characterization
analysis and photoresponse, the crystal size was 24.21 nm and the electric current was 0.32 pA. The
efficiency value is directly proportional to the thickness of the carbon paste layer as the electrode
material. The carbon paste layer used is very uneven so that the resulting efficiency is small compared
to a more even layer. In addition, the FF value is proportional to the addition of the carbon paste layer.
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