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ABSTRACT

Multilayer methylammonium bismuth iodide perovskite solar cells (Bi-PeSC’s) were 
fabricated using multi-step spin coating by changing the spinning rates from 500 rpm to 
5000 rpm with keeping the layer number at eight. The aim of this work is to study the 
effect of spinning rates on the multilayer Bi-PeSC’s performance. The SEM result shows the 
improved morphological properties at an optimum speed of spinning. At the same time, the 
XRD analysis exhibits that a very strong intensity and a narrow peak of MBI are observed 
at 12.67o (101) of 500 rpm, and it completely disappeared at 5000 rpm. The Dektak 
measurement showed that the thickness of multilayer Bi-PeSC’s is reduced from 600 nm to 
300 nm as the spinning rates increased from 500 rpm to 5000 rpm. Furthermore, the 
multilayer Bi-PeSC’s showed an increment in the open circuit voltage with a maximum of 
0.42V at an optimum spinning rate of 1000 rpm. The Bi-PeSC’s performance improvement 
is attributed to the formation of a moderate thickness of 568 nm. In brief, the spinning rate 
significantly influences the morphology, optical and structural properties of multilayer Bi-
PeSC’s. In the future development of Bi-PeSC’s device, our research’s finding might have an 
appreciated contribution towards a better improvements of solar cells performance.  
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1. INTRODUCTION

Up to date, the bismuth-based perovskite materials with the chemical formula (A3Bi2X9; A= 
CH3NH3+, X=halide group) have great much attention for solar cells device application. Hence, 
many methods or techniques have been initiated by the previous researcher, such as chemical 
vapor deposition [1], spray deposition [2], thermal evaporation [3], inkjet printing [4], doctor 
blade [5], and slot-dye coating [6]. All those developed methods have the same aim to be 
achieved is to improve the performance of solar cell devices-based perovskite material. Besides, 
to obtain a good quality of an absorber layer in heterojunction design of solar cells device, with 
optimum criteria of a layer such as surface uniformity, coverages [7], optimized thickness [8,9], 
defect and pinhole-free [10]. In this regard, the methylammonium bismuth iodide (MBI) is 
widely discovered by many researchers due to non-toxic material compared to Pb, chemically 
stable and environment friendly for lead-free perovskite solar cells (PeSC’s) [11]. However, up 
to date, the MBI surface morphology and its performance are still compromised. Thus, the 
material parameters to the thickness of a MBI layer may affect the morphology and Bi-PeSC’s 
performance. This is because the thickness of a layer might contribute to other effects such as 
surface uniformity and coverage area. Jeon et al. reported that the performance of solar cells 
dropped significantly because the surface uniformity and coverages were poor [7]. Besides, Heo 
et al. and Burschka et al. reported that a thick film resulted in uniformity of a film with 100% 
surface coverage on the mp-TiO2 [12,13]. At the same time, Eperon et al. reported that a thicker 
layer could transfer more electronic charge to the perovskite [14]. On the contrary, according to 
Xiao et al. the thicker perovskite layer can be detrimental to PeSC’s performance [15]. 

1



M.F. Achoi, et al. / Effect of Spinning Rate on the Performance of Multilayer Bi-perovskite Solar Cells 

Therefore, our motivation to obtain moderate thickness between 300-600 nm with varying 
spinning rate was investigated. 

Furthermore, the spin-coating method is well-known solution-processing with a low-cost 
method for thin-film solar cells fabrication [16]. In this work, we employed a new modification 
method from spin-coating method, an all-solution processed multi-step spin coating technique. 
This method gives promising production of absorber layer with ease and short time. Moreover, 
the poor coverage and uniformity of thin-film solar cells can be resolved by this method 
[17,18,19]. Herein, we report the preparation of eight layers of MBI perovskite with varying 
spinning rates using all-solution processed multi-step spin coating for the first time. As far as 
our concern, there are no reports on this parameter for multilayer Bi-PeSC’s prepared using this 
method. Besides, the effect of the spinning rate on the thickness of the MBI layer is also 
presented. At the end of this work, the absorber layer thickness and spinning rate are optimized. 

2. MATERIAL AND METHODS

First, the preparation of c-TiO2 as an electron transport layer (ETL) was prepared according to 
our previous method in ref. [20]. While mp-TiO2 was prepared by diluting 0.04687g of P25 TiO2 
in 10 mL of 1-butanol. Then, the mp-TiO2 is annealed at 500oC for 1 h. For making 0.5M MBI 
solution, both precursors (BiI3 and MAI) were mixed according to our previously reported work 
[21]. The MBI solution was spin-coated at 500 rpm for 8 times on the TiO2 surface to obtain 8 
layers of MBI. At intervals between each layer fabrication, the MBI layer was dried at 100oC for 
10 min. After the whole 8 layers fabrication, the MBI layer left for the cooling process for 5 min. 
This fabrication step is repeated for 1000, 3000 and 5000 rpm sample. Next, as a hole transport 
layer (HTL), the P3HT was dissolved in dichlorobenzene, so that the concentration of P3HT is 15 
mg.mL-1. The P3HT solution was spin-coated at 3000 rpm for 20 s and then annealed on a hot 
plate at 120oC for 15 min. The whole fabrication process of the MBI layer was carried out in a 
dry nitrogen-filled glovebox. Finally, the colloidal graphite was spin-coated on top of the P3HT 
layer at 5000 rpm for 20 s and cooled at room temperature, followed by the deposition of Ag 
paste. The Ag paste is then left in a room temperature for drying. The purpose of using a 
colloidal graphite is to connect P3HT and silver electrode smoothly [22]. It is same function as a 
gold electrode which has been widely used in solar cells fabrication as before. Besides, graphite 
is a good conductivity of material.  

For the characterization part, the structural properties of multilayer MBI were characterized 
using (XRD; Rigaku RINT-2100 diffractometer) while the surface morphology is characterized 
using (SEM; JEOL JSM-7600F). Next, an optical absorption property is characterized using a UV-
Vis spectrophotometer (JASCO Model V-570). Finally, the thicknesses of a layer were measured 
using the Dektak machine (Veeco-Dektak150) and the solar cells performance were measured 
using a solar simulator under simulated solar light illumination (AM 1.5, 100 mW.cm-2).  

3. RESULTS AND DISCUSSION

3.1 XRD analysis

Figure 1 indicates the XRD curves of multilayer Bi-perovskite at different spinning rates. At 500 
rpm, five peaks of MBI are observed at 12.67o, 14.40o, 16.40o, 24.58o, and 29.38o, which are 
assigned to (101), (102), (004), (006), and (204) lattice planes, respectively [9,23,24,25,26]. 
Other MBI peaks are detected at 32.29o, 43.37o, and 44.76o, which is the same as MBI peaks 
reported in ref. [1]. Two peaks at 29.60o and 31.7o, corresponding to the (012) and (110) lattice 
planes, are assigned to Bi2O3 and BiOI, respectively [9,23]. These two compounds are formed in 
MBI layer due to the air exposure during fabrication process as Hoye et al. reported [9]. While 
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another three peaks of FTO were observed at 26.82o [25], 33.91o [24], and 38.06o [27]. At 500 
rpm, three MBI peaks are observed at 24.58o (006), which appeared as a strong intensity and 
very narrow peak, while another two peaks at 12.67o (101) and 16.40o (004) have appeared as 
the intense peak. However, the MBI peak at 24.58o (006) and 12.67o (101) slowly decreased in 
intensity. Afterward, the peak at 12.67o (101) is completely disappeared at 3000 rpm and 5000 
rpm. While peak at 24.58o (006) became a bit less intense and broad peak than TiO2 peak at 
25.37o [26]. Interestingly, it can be seen that at the beginning of the spinning rate, the MBI peak 
at 24.58o (006) appeared as a very strong intensity than TiO2. After that this peak became a less 
intense peak than the TiO2 peak at 5000 rpm, and at the same time, FTO peaks at 33.91o [24], 
and 38.06o [27] conquered dominantly with very intense and narrow peak than earlier seen of 
two FTO peaks, which very low intensity and broad peak. All these elucidate that the MBI layer 
became a thin layer while some of the layer surfaces are non-uniform and are not well covered 
at 5000 rpm as shown in Figure 2 and 3(d). Moreover, the peak intensity of the FTO is increased 
due to the thin perovskite layer. According to Jeon et al. the uniformity of the perovskite films 
depended on the thickness of a layer [7] while Eperon et al. mentioned that 100% surface 
coverage of a layer depended on the spinning condition [14].  
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Figure 1. The XRD peaks of the multilayer Bi-PeSC’s at different spinning rates. 

Furthermore, we calculate the crystallite size using Scherrer’s equation [25]. It shows that at 
500 rpm, the crystallite size (D) is 44 nm. After that, at a speed ≥ 1000 rpm, we found that the D 
value of the MBI layer is drastically decreased. The D values recorded are 36 nm, 22 nm, and 11 
nm for 1000 rpm, 3000 rpm and 5000 rpm, respectively. It means that the MBI particles do not 
have enough time to be deposited well on the TiO2 surface, especially at 5000 rpm. In other 
words, the MBI particles are not accumulated and formed an agglomerated particle, as visually 
confirmed by inset SEM images in Figure 3(d). The agglomeration happens due to the 
crystallization process once applying heat to promote grain growth as reported by Thompson et 
al. [28]. This will be further described later in SEM morphology properties section. In brief, as 
the spinning rates changed from 500 rpm to 5000 rpm, the MBI peaks at 12.67o (101) is 
drastically decreased and then completely disappeared. While the FTO peak at 33.91o [24] and 
38.06o [27] were appeared dominantly and became a strong and intense peak. It means that the 
MBI layer became less thick at 5000 rpm, as proof, we have measured the thickness of the MBI 
layer using the Dektak measurement, where the recorded thicknesses are shown in Figure 2. 
This indicated that the layer thickness decreases accordingly with the D value as the spinning 
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rates increased, as shown in Figure 2. The influence of D on the Jsc and the performance of Bi-
PeSC’s will be discussed in the next solar cell performance section. 
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Figure 2. The variation of thickness and crystallite size against spinning rate.

3.2 Surface morphology properties

Figure 3 illustrates the SEM morphology of multilayer Bi-PeSC’s at different spinning rates. At 
500 rpm, the MBI layer is not uniformly distributed but accumulated and agglomerated MBI 
particles are formed as confirmed by the XRD result in Figure 3(a). Thus, many big-size particles 
in white colour were formed, as illustrated in inset Figure 3(a). According to Chen et al. the 
formation of big-sized particles is due to the nucleation and crystallization process [29]. At 
doubled spinning rate to 1000 rpm, the SEM image illustrated a small MBI particles start to 
randomly distribute uniformly, and then covered throughout the TiO2 surface as shown in inset 
Figure 3(b). In addition, no agglomeration particle is seen on the TiO2 surface. However, at 3000 
rpm, SEM images in Figure 3(c) visually depict that the MBI particles start to be distributed far 
away, and the surface is not well covered. Finally, at 5000 rpm, the MBI particles are not well 
uniformly distributed with a space between white particles, and some of the particles are 
discretely accumulated and focus to one spot location, as shown in Figure 3(d). It means that the 
particle is not stick together during spin coating. Instead, the particles move aside from a layer 
and then agglomerate as an abundant island, as visually depicted in inset Figure 3(d). Jeon et al. 
reported that during spin coating, the present of centrifugal force applied from the rotation of 
the spin coating rotor made the solution convective spreading flow [7]. However, this 
centrifugal force became high as the spinning rate increases, spreading the solution too fast. It 
finally deteriorating the surface morphology of MBI resulting in the non-homogeneity layer.  
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Figure 3. SEM morphology of the multilayer MBI at different spinning rates: (a) 500 rpm, (b) 1000 rpm,
(c) 3000 rpm, and (d) 5000 rpm. Inset pictures are magnified morphology.

3.3 Optical properties

Figure 4 shows the absorbance of Bi-PeSC’s characterized using a UV-visible spectrophotometer 
in the UV-visible region. Generally, all the MBI layers shows that the light absorption peak is 
around 500 nm in the visible region. The optical bandgap is around 2.0eV - 2.13eV. The UV-
visible absorption indicates that the different absorbance intensity while the optical band gap 
energy is changed a bit. At a low speed of 500 rpm and 1000 rpm, the recorded absorbance 
intensity is higher than 3000 rpm and 5000 rpm. In accordance with SEM images Figure 3((a) 
and (b)) indicates that the multilayer MBI with good uniformity and well covered surface has a 
good absorption. Moreover, the thickness that earlier discussed influenced the absorption of 
light as well. In accordance to Figure 2, the thicker layer at low speed, shows the higher light 
absorption as shown in Figure 4((a) and (b)). Instead, the thinner layer at higher spinning rate 
causes the lower light absorption as shown in Figure 4((c) and (d)). This might happen due to 
the detrimental effect of the MBI thickness on light absorption. According to Chen et al. 
increasing the thickness of films resulted in the high light absorption benefits with the filling of 
the MBI [29]. Besides, Eperon et al. reported that incomplete coverage area of the perovskite 
surface resulted in loss of light absorption in the solar cells [14], as indicated in the Figure 3(d) 
and 4(d). Therefore, the MBI layer at 500 rpm and 1000 rpm have a strong absorbance 
intensity, thus enhancing the light-harvesting property of the multilayer Bi-PeSC’s device. The 
influence of the absorption and the thickness of the MBI layer on the solar cell’s performance 
will be discussed in the next solar cell performance section. 
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Figure 4. The optical absorbance of the multilayer MBI at different spinning rates. 

3.4 Solar cell’s performance

Figure 5 shows the corresponding current density-voltage curves of Bi-PeSC’s under the solar 
simulator and Figure 6(a) shows the relationship of short circuit current (Jsc) and open circuit 
voltage (Voc) with the spinning rates, while Figure 6(b) illustrates the schematic diagram of the 
solar cell. Figure 5(a) indicates that at 500 rpm the current density and voltage is very low 
compared to others spinning rates. This is due to a low spinning rate leads to agglomerated 
particles and a thicker layer. Consequently, the contact area between the hole transport layer 
(HTL) and electron transport layer (ETL) was reduced. Hence, it produces a shunt paths leading 
to the current leakage as reported by Snaith et al. [30]. As for increased spinning speed to 1000 
rpm, we found that the maximum voltage was recorded at 0.42V and PCE is 0.034% with an 
optimized thickness of the MBI layer at 568 nm. Our finding agrees that Chen et al. found that 
564 nm of MBI film shows better performance of solar cell devices. They suggest that 564 nm of 
MBI film might be more efficient for the electron extraction at the TiO2/perovskite interface, and 
then the photoexcited electron can be transferred easily from the MBI to the TiO2 layer [29]. 
Moreover, moderate thickness contributes to a good PCE, which may reduce the recombination 
of charge carriers. As a result, the charge carriers can be easily extracted before the 
recombination happen. Besides, Zhao et al. reported that the thickness of an MBI layer might 
affect to the charge diffusion length, hence, it influences the photovoltaic performance [31]. It 
thus elucidates that the thickness relying on the spinning rate influenced the performance of 
multilayer Bi-PeSC’s as shown in Figure 2. The performance of multilayer Bi-perovskite is 
drastically decreased according to the spinning rate which exhibits 0.18V and 0.09V, for 3000 
rpm and 5000 rpm, respectively, as shown in Figure 6(a). In accordance with the inset Figure 
3(d), non-uniformity morphology with lack of coverages area of MBI layer surface contributed 
to the current leakage while the thickness also influences the performance of solar cells as well. 
According to Eperon et al. the lowest coverages contribute the lowest efficiencies of the solar 
cells [14]. This explanation agreed with our findings as shown in Figure 3(d) and inset Table 1 
of Figure 5. 

Furthermore, the D value is relying on the spinning rates that affected Bi-PeSC’s performance. It 
is shown that the performance decreases accordingly as shown in Figure 6(a) and then the D 
values and the thickness were decreased along with the spinning rates as shown in Figure 2. In 
the inset Table of Figure 5 it can be seen that the Jsc decreases with D value, which means high 
spinning rate with a less thick layer of MBI of 352 nm creates the small size of crystallite size 
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(11 nm) resulting in a small Jsc value because the structural defect density is increased as shown 
in Figure 2. After 1000 rpm, the performance of solar cells decreases as well. This elucidates 
that the spinning rates influences the thickness, crystallite size and the performances of the Bi-
PeSC’s. On the other hand, D became small, as seen in the inset Figure 3(d), while a non-uniform 
surface at high speed of spinning causes the current leakage and the current recombination is 
increased. Consequently, the Voc and Jsc became low, as stated in the inset Table of Figure 5. 
Besides, a better interface layer attributed to the improved morphology of MBI layer leads to Voc 
is increased as reported by Ataei et al. [32]. According to Sanders et al. the reduction of interface 
area in a surface layer can hamper the extraction of charge carriers as reported by [1]. Besides, 
Eperon et al. reported that a uniform perovskite thin film with good surface coverages give the 
best output voltages [13]. 
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Table 1. The performances of multilayer Bi-PeSC's at different spinning rates

Spinning 

rates (rpm)

Thickness,

t, (nm)

Crystallite 

size, D, 

(nm)

Jsc, 

(mA/cm2)
Voc, (v) FF (%) PCE (%)

(a) 500 591 44 0.001 0.02 4.1 0

(b) 1000 568 36 0.28 0.42 28.9 0.034

(c) 3000 481 22 0.06 0.18 49.7 0.0053

(d) 5000 352 11 0.1 0.09 49.2 0.0045

 

Figure 5. The I-V performance of multilayer Bi-perovskite solar cell at different speeds of spin-coating. 
The inset table shows the summary of solar cell parameters. 
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Figure 6. (a) The variation of current density and voltage versus spinning rate, and (b) the structure of
the solar cell of multilayer Bi-perovskite solar. 
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4. CONCLUSION

In summary, we have successfully fabricated the Bi-PeSC’s using all-solution processed multi-
step spin coating method at different spinning rates. We found that the spinning rate 
significantly influenced the thickness, crystallinity, crystal size, surface coverage and the 
uniformity of multilayer Bi-PeSC’s. The Dektak measurement and XRD analysis shows that the 
optimized thickness and crystallite size of a MBI layer are 568 nm and 36 nm, respectively, 
while, from the photovoltaic result shows that the improved Bi-PeSC’s performance contributed 
to the Jsc of 0.28 mA/cm2, Voc of 0.42V, fill factor of 29% and the PCE of 0.034% for the optimum 
spinning rate at 1000 rpm. However, low speed is not better because a thicker layer is 
produced, which causes the mobility charge carrier poor, while too-fast spinning rate is also not 
reasonable because it leads to a thin layer which produces current leakage and increased the 
charge-carrier recombination and finally resulted in the poor performance of Bi-PeSC’s. 
Therefore, it is very important to control the spinning rate to obtain a better morphology, an 
ideal thickness and good UV-visible absorption, which will lead to the better improvement of Bi-
PeSC’s performance.  
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