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TiO2 thin films based dye-sensitized solar cell (DSSC) were prepared by sol-gel spin-coating method. 

The number of spin-coating was varied, 1,2,3,5 and 7 times to get various thicknesses of TiO2 thin film 

on the ITO substrate. The phase structure of anatase exists in all samples at the diffraction angle of 

25.36
o
 corresponding with the crystal plane (101). From FESEM observation, the morphological shape 

of all samples is agglomerate nanoparticle. The sample with higher number of spin coating has pores 

with its size becomes bigger at the highest spin coating number. The thickness of TiO2 film increases 

with the increase of spin coating number. The absorption window increases with the spin coating 

number. The DSSC with 7 times spin coating number demonstrates the best power conversion 

efficiency (η) which is 0.70% due to the broadest absorption window and lowest Rb and Rct. 
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1. INTRODUCTION 

Dye-sensitized solar cells (DSSC) are the third generation of photovoltaic solar cell which 

converts visible light into electricity. Researches on DSSCs are being carried out worldwide because it 

is a low-cost solar cell with considerably high light to energy conversion efficiency [1]. The DSSC 

system is based on many metal oxide semiconductors materials such as TiO2, ZnO, SnO and many 

more. TiO2 is widely used as photoanode because it is inexpensive, chemically stable due to its wide 

band gap, environmental friendly because it is non-toxic and high porosity hence allowing dye 

anchoring on the surface of TiO2 reported by Sedghi et al. 2015 [2]. This leads to better light 

absorption in DSSC with TiO2 film as the photoanode. 
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Many researches have been carried out to improve the performance of DSSC including 

studying the effect of TiO2 thickness on the properties and performance of DSSC. These studies have 

been carried out by synthesizing the samples using various methods. For example, Zhang et al. 2014 

studied the effect of TiO2 film thickness on photovoltaic properties of DSSC [3]. In this study, the 

samples were prepared by using screen printing method and thickness of the TiO2 films were varied by 

varying the number of printing layers. The performance of the device increased with the increase in 

printing layers. A study by Baglio et al. 2011 shows that DSSC with thicker layer of TiO2 that is 10 

µm gave the best performance because of better absorption of light, reduction of the recombination 

process and lower charge transfer resistance [4].  

Various approaches have been employed in synthesizing TiO2 such as hydrothermal method 

[5], solvothermal method [6], sol-gel method [7], direct oxidation method [8], chemical vapor 

deposition [9] and electrodeposition method [10]. Different synthesis method of TiO2 can yield various 

morphologies such as nanotubes, nanowires, nanorods, and mesoporous structures as reported by 

Byranvand et al. 2013 in his review on the synthesis of nano-TiO2 by using different methods [11]. 

Although sol-gel method is more simple and economical than other methods, it can produce TiO2 

nanoparticles with numerous morphologies such as sheets, tubes, particles, wires, rods, mesoporous 

and aerogels as stated by Sharma et al. 2014. In this work, TiO2 was prepared by sol-gel method and 

was deposited on ITO glass substrates by spin-coating technique. The goal and originality of this work 

is to investigate the influence of spin coating number on the properties of TiO2 thin films and 

performance of the DSSC.  

 

 

 

2. EXPERIMENTAL 

2.1 Preparation of TiO2 thin films 

The materials used in preparing TiO2 films are titanium (IV) isopropoxide (97.0%), acetic acid 

(99.7%) purchased from Sigma-Aldrich and absolute ethanol (99.98%). TiO2 solution was prepared by 

adding 1.80 ml of titanium (IV) isopropoxide which acts as precursor into 9.80 ml of ethanol which 

acts as solvent. While, the solution was being stirred, 0.3 ml of acetic acid was added into the solution. 

The mixture was stirred for about five hours. TiO2 thin film was prepared by spin-coating method in 

which the TiO2 solution was dropped onto ITO substrate and rotated at 2500 rpm for about 45 seconds. 

Then, the TiO2 thin film was dried at 100 
o
C for 10 minutes. The number of spin-coating was varied 

for each sample to get various thicknesses of TiO2 deposited on the ITO substrates with repeated 

process of drying in between the spin-coating technique. Five samples of TiO2 thin films were 

prepared with different number of spin-coating which are 1, 2 ,3 5 and 7 times of spin-coating 

respectively. Finally, the TiO2 thin films were annealed at 400 
o
C for 2 hours. 
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2.2 TiO2 thin films characterization 

The prepared samples were characterized by using X-ray diffractometer model Bruker D8 

Advanced to study the elements and phase present in the samples. The diffraction angle, 2θ used was 

from 10
o
 to 80

o
. The surface morphology examined from top view as well as the cross-section images 

were characterized by using a field emission electron microscope (FESEM) model MERLIN. This 

characterization was to compare the surface morphologies and thickness of TiO2 layers on the 

substrates as the number of spin-coating was varied. The UV-Vis spectrophotometer was used to study 

the optical absorption of the samples.  

 

2.3 Dye-sensitized solar cell (DSSC) fabrication and performance studies  

An appropriate amount of N719 dye was dissolved in ethanol to get a solution with 0.5 mM 

concentration. Then, the TiO2 samples were fully immersed in the dye solution and left for 15 hours. 

After 15 hours, a DSSC device was fabricated with TiO2 film as the anode and platinum coated ITO 

obtained by sputtering technique as the counter electrode. An electrolyte containing iodide/triiodide 

redox couple was injected into the active area at the interface of TiO2/N719 and platinum counter 

electrode. The structure of the DSSC is shown in Fig. 1.  

 

 
 

Figure 1. Structure of the DSSC 

 

The J-V characteristics of the device were obtained by examining it in the dark and under the 

light illumination of 100 mW cm
-2

. The electrochemical impedance spectroscopy (EIS) analysis was 

also carried out to study the charge transport properties of the device as the thickness of the TiO2 films 

was varied.  

 

 

 

3. RESULTS AND DISCUSSION 

The XRD spectra for TiO2 thin films with different number of spin-coating are shown in Fig. 2. 

There are 4 peaks at the diffraction angle of 25.36
o
, 38.03

o
, 48.14

o
 and 54.96

o
 corresponding with 

(101), (004), (200) and (211) planes, respectively. The phase structure of the sample is anatase with 
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tetragonal crystal structure and is dominant at plane (101) for all samples. These results agree well 

with that reported by Jiménez González et al. 2007 who prepared TiO2 films via sol-gel technique [12]. 

It is also found that the peak intensity at (101) plane slightly increases with the number of spin coating. 

The diffraction peaks of ITO substrate do not exist in these XRD patterns as the x-ray cannot penetrate 

the ITO since the thickness of TiO2 film for each sample is high. 
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Figure 2. XRD spectra for TiO2 thin films with different number of spin-coating 

 

Fig. 3 shows the FESEM images of TiO2 films with various spin coating cycles. From Fig. 3 

(a), the sample with 1 cycle spin coating shows the TiO2 nanoparticles are highly agglomerated with 

low porosity. As the spin coating number was increased to 2 times, the agglomerate size becomes 

bigger.  
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Figure 3. Top view FESEM images of TiO2 thin films with different number of spin-coating 

 

Once it was increased to 3 times, the small pores started to appear as shown in Fig. 3 (c). 

However, as the number of spin-coating increased to 5 times, the pore size becomes bigger as shown in 

Fig. 3(d). Finally, once the spin coating number was further increased to 7 times, the pore size 

becomes bigger than that of 5 times spin coating. The morphology of all samples is agglomerate 

nanoparticles. 
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Figure 4. Cross-section images of TiO2 thin films with different number of spin-coating 

 

Fig. 4 displays the cross-sectional view of FESEM images for all samples. From the figure, the 

thickness of TiO2 layer increases as the number of spin-coating increases. The thickness obtained for 1, 

2, 3, 5 and 7 times of spin-coating are 346, 1586, 2077, 3841 and 5779 nm, respectively and listed in 

Table 1. 

The UV-vis spectra for TiO2 thin films with various number of spin-coating are shown in Fig. 

5. The figure shows all samples absorb more light in ultra-violet (UV) region (300-340 nm). It is found 

that the light absorption in visible region is smaller than that in UV region for all samples. The 

intensity of absorption peak 300 nm increases with the spin coating number. The absorption window 

also increases with the increase in spin coating number. The absorption is higher when the thickness of 

TiO2 thin film is increased. This allows higher amount of dye adsorption on the surface of the TiO2 

layer as indicated by Zhang et al. 2014 [3].  

Fig. 6 shows the dark current curves for all devices utilizing the samples prepared with various 

spin coating cycles. From the figure, it is noticed that all devices do not show rectification property 

since the dark current in forward bias is slightly higher than that in reverse bias. Solar cell is said to 

behave like diode that exhibits like rectifier if it allows high current in forward bias with very small 

current in reverse bias. Also, from the figure, the device utilizing the sample with 7
th

 cycles of spin 

coating possesses the highest forward current, while that utilizing 1
st
 cycle of coating demonstrates the 

lowest current. In other words, the forward current increases with the number of spin coating. For the 
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negative bias current or so-called leak current, the device utilizing the 5
th

 cycles of coating performed 

the lowest leak current. 

 

 

Figure 5. UV-Vis absorption spectra for TiO2 thin films with different number of spin-coating  

 

The device with the sample prepared at 3
rd

 cycles of coating demonstrated the highest leak 

current. There is no increasing or decreasing trend of leak current with the number of spin coating 

number. For this reason, it can be concluded that the spin coating cycle does not influence the leak 

current. 

 

 

Figure 6.  Dark current of DSSC with different TiO2 spin-coating number 
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The comparison for J-V characteristics under light illumination of the DSSC with different 

number of spin-coating of TiO2 thin films is shown in Fig. 7. The J-V curves for all devices have high 

slope, causing more output power loss upon light illumination. This leads to small FF and power 

conversion efficiency as illustrated in Table 1. The high slope also indicates that the internal resistance 

in the devices is very high, leading to small photocurrent density as presented in Table 1. Also from 

the table, it is found that the area under J-V curves increases with the number of spin coating. As 

discussed before, the thickness and area of optical absorption increase with the spin coating number. 

This indicates that higher thickness of TiO2 layer absorbs more light, which in turn generates more 

number of electron-hole pairs and hence enhanced the performance of the DSSC as reported by Roza 

et al. 2016 [13]. The photovoltaic parameters are extracted from Fig. 7 and presented in Table 1. 

 

 

 

Figure 7. J-V curves of the DSSC with different TiO2 spin-coating number under 100 mW cm
-2

 light 

illuminations 

 

Fig. 8 shows the Nyquist plots of the DSSC with different TiO2 spin-coating number. The EIS 

data such as bulk resistance (Rb) and charge transfer resistance (Rct) are analyzed from Fig. 8 and 

shown in Table 1. A straight line before semicircle represents Rct and Rct is presented by semi-circular 

curve. From Table 1, the value of Rb is the lowest when the thickness of TiO2 layer is the lowest, 

producing the highest Jsc and η as shown in Table 1. The Jsc and η increase as the Rb decreases and 

achieves the highest value at the 7
th

 times spin-coating which are 2.53 mA cm
-2

 and 0.70%, 

respectively. Meanwhile, the value of Rct decreases as the thickness of TiO2 films increases. This 

indicates that the electron transfer is faster when the thickness of TiO2 layer is higher because it 

provides more conducting pathways by the increase in porosity as reported by Kumari et al. 2016 [14]. 

The highest efficiency from this work that is 0.70% is lower than that reported by Lee et al. 2010 who 

fabricated the DSSC utilizing TiO2 films prepared via sol-gel technique [15]. They achieved the 

efficiency of 5.93% as they used longer N719 dipping time of 24 hours while ours is 15 hours. The 
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longer the dye dipping time, the more amount of the dye adsorbed on TiO2 surface and consequently 

improves the amount of light absorbed by the dye. This enhances the number of electrons excited from 

HOMO to LUMO level of the dye to be transported to the conduction band of TiO2, hence improving 

the photocurrent and power conversion efficiency of DSSC. 

 

 

 

Figure 8. Nyquist plots of DSSC with different TiO2 spin-coating number 

 

Table 1. Thickness, photovoltaic parameters and EIS data for DSSC with different TiO2 spin-coating 

number 

 
No. of spin-

coating 

Thickness 

(nm) 
Jsc (mAcm

-2

) 
Voc (V) FF  η (%) Rb (Ω) Rct (Ω) 

1 346 0.30± 0.01 0.33 ± 0.01 0.60± 0.01  0.06 ± 0.01 12.00 134.60 

2 1586 0.36± 0.01 0.34 ± 0.01 0.58± 0.01  0.07± 0.01 10.00 63.60 

3 2077 0.75± 0.04 0.37 ± 0.01 0.587± 0.01  0.16± 0.01 8.00 43.20 

5 3841 1.52± 0.02 0.47± 0.01 0.60± 0.01  0.42± 0.01 2.00 29.20 

7 5779 2.53± 0.04 0.47± 0.01 0.59± 0.01  0.70± 0.01 2.00 16.70 

 

 

 

4. CONCLUSIONS 

The thickness of TiO2 thin films influences the properties and performance of the DSSC device 

fabricated with TiO2 as the photoanode which has been studied by varying the number of TiO2 spin-

coated on the ITO substrates. This study shows that the agglomeration of the TiO2 particles reduces as 

the thickness of TiO2 layer increases. The porosity increases with higher thickness, providing more 

conducting pathways for the sample to facilitate light absorption. The area of absorption window 

increases with spin coating number. The DSSC utilizing the sample with the highest thickness possess 

the highest power conversion efficiency which is 0.699 % as the device has the lowest Rb and Rct. 
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