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Abstract. This paper presents the study of the influence of thin film thickness of working electrodes on the 
photovoltaic characteristics of dye-sensitized solar cells. Titanium dioxide (TiO2) thin films, with the 
thickness from 7.67 to 24.3 μm, were used to fabricate the working electrodes of dye-sensitized solar cells 
(DSSCs). A TiO2 film was coated on a fluorine-doped tin oxide (FTO) conductive glass substrate and then 
sintered in a high-temperature furnace. On the other hand, platinum (Pt) solution was coated onto an FTO 
substrate for the fabrication of the counter electrode of a DSSC. The working electrode immersed in a dye, 
the counter electrode, and the electrolyte were assembled to complete a sandwich-structure DSSC. The 
material analysis of the TiO2 films of DSSCs was carried out by scanning electron microscopy (SEM) and 
ultraviolet-visible (UV-Vis) spectroscopy, while the photovoltaic characteristics of DSSCs were measured 
by an AM-1.5 sunlight simulator. The light transmittance characteristics of the TiO2 working electrode 
depend on the TiO2 film thickness. The thin film thickness of the working electrode also affects the light 
absorption of a dye and results in the photovoltaic characteristics of the DSSC, including open-circuited 
voltage (VOC), short-circuited current density (JSC), fill factor, and photovoltaic conversion efficiency.  

1 Introduction  

The rapid economic development and rapid population 
expansion have caused a deteriorating energy problem. 
The energy problem has a significant impact on 
industrial development. The BP Statistical Review of 
World Energy in 2017 reported that by the end of year 
2016, the reserves/production ratio (R/P ratio) in the 
world for coal was 153 years, for natural gas 52.5 years, 
and for oil 50.6 years [1]. On the other hand, burning too 
much coal, oil, and natural gas will release a large 
amount of carbon dioxide, cause air pollution, and 
deteriorate global climate warming. These have a serious 
impact on the environment and life. Satisfying energy 
requirements and avoiding fuel crises are the current 
global focus. There is an urgent need to develop 
sustainable energy to solve these imperative problems. 
Solar power is a popular sustainable energy source to 
help solve the energy problem [2, 3]. 

The dye-sensitized solar cell (DSSC) is one of the 
most promising potential solar power sources [4-19]. In 
1996, Grätzel’s research group proposed low-cost novel 
photovoltaic modules based on monolithically series-
connected dye sensitized photoelectrochemical cells. The 
photovoltaic modules were produced in a continuous 
non-vacuum process by simple printing techniques [20]. 

In 2008, Kim et al. reported on novel thixotropic gel 
electrolytes [21]. The novel thixotropic gel electrolytes 

were prepared by oligomeric poly(ethylene oxide) 
(PEO)-based bis-imidazolium diiodide salts and 
hydrophilic silica nanoparticles for application in quasi-
solid-state DSSCs. A quasi-solid-state DSSC with the 
proposed electrolyte exhibited highly improved 
properties, such as easy penetration and long-term 
stability.  

In 2010, Grätzel’s group discussed the effect of heat 
and light on the performance of DSSCs based on organic 
sensitizers and nanostructured TiO2 [22]. The main 
reasons for the loss of performance were a decrease in 
open circuit photovoltage under light soaking conditions 
and a drop of photocurrent under heat stresses. 

The fabrication cost of DSSCs is lower than that of 
other solar cells, so that the development of DSSCs can 
greatly reduce the cost of solar power generation [23]. In 
addition, DSSCs have a low light effect that can also 
generate electricity in an environment where it is cloudy 
or sunlight is insufficient. Furthermore, DSSCs are 
suitable for building materials, such as windows, shades, 
and glass curtains of buildings. DSSCs can be used to 
improve the energy efficiency of buildings. Owing to the 
numerous advantages of DSSCs compared to other types 
of solar cells, DSSCs are promising in relation to energy 
generation.  

This paper discusses the studies on the advanced 
manufacturing technology of DSSCs. The key process 
technologies for DSSCs, including working electrodes, 
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dyes, counter electrodes, electrolytes, were investigated. 
This paper probes into the influence of TiO2 film 
thickness on photoelectric conversion efficiency of 
DSSCs.  

2 Experimental  

The structure of the DSSC is shown in Fig. 1. A DSSC 
consisted of a fluorine-doped tin oxide (FTO) conductive 
glass substrate, a TiO2 film as a working electrode, a dye, 
a counter electrode and an electrolytic solution. The 
structure components of the DSSC were stacked like a 
sandwich. 

2.1 Preparation of working electrodes  

The working electrode of the DSSC was fabricated by 
the doctor blade method. A TiO2 thin film was used for 
the fabrication of the working electrode of the DSSC. 

At first, an invisible tape was pasted on the FTO 
substrate. The circle area of the tape with an inner radius 
of 0.5 cm was cut out. Then, the TiO2 film was coated on 
the FTO substrate by the doctor blade method. The TiO2 
working electrode was placed on a 70-˚C hot plate for 10 
min. The working electrode was then placed in a 450-˚C 
high temperature furnace for 20 min for high 
temperature sintering. A fabricated TiO2 working 
electrode is shown in Fig. 2. There were three thickness 
conditions of TiO2 films, indicated by A, B, and C, 
corresponding to one layer, two layers, and three layers 
of the invisible tape, respectively. 

2.2 Preparation of counter electrodes 

The platinum (Pt) material was used for the fabrication 
of the counter electrode. The Pt counter electrode was 
fabricated by the spin coating method. 

Firstly, the Pt solution was dropped onto a drilled 
FTO substrate. Secondly, the Pt was uniformly coated on 
the FTO substrate with a spin speed of 500 rpm for 90 s 
utilizing a spin coater. Finally, the Pt counter electrode 
was placed in a high temperature furnace at 450 ˚C for 
30 min for high-temperature annealing. A fabricated Pt 
counter electrode is shown in Fig. 3. 

 
 
 

 
Fig. 1. The structure of DSSCs. 

 

Fig. 2. Fabricated TiO2 film working electrode. 
 
 
 

 

Fig. 3. Fabricated Pt counter electrode. 
 
 

2.3 Preparation of dyes 

The chemicals utilized to prepare the dye included N719 
dye powders, tert-Butyl alcohol (TBA), and acetonitrile. 
TBA and acetonitrile were mixed at a ratio of 1:1. The 
dye concentration was 5 × 10−4 mol/L. The prepared 
TiO2 working electrodes were then immersed in the 
prepared dye solution for 24 h. 

2.4 Preparation of electrolyte 

The chemicals utilized to prepare the electrolyte 
included 0.1 M lithium iodide (LiI), 0.6 M 1,2-dimethyl-
3-propylimidazolium iodide, 0.005 M iodine (I2), and 0.5 
M tert-butylpyridine. These chemicals were added to 
acetonitrile. 

2.5 Cell assembly 

DSSC components were assembled utilizing a membrane 
(Surlyn) with an area of 1.5 cm × 1.5 cm and a thickness 
of 60 μm. Firstly, a circle of the membrane with a radius 
of 0.5 cm was cut out. Secondly, the membrane was 
placed on the TiO2 working electrode without covering 
the TiO2 layer. Thirdly, the counter electrodes were then 
aligned and stacked on top of the membrane. The 
stacked components were placed in the heat press sealing 
machine with the settings of 145-˚C temperature and 1.5-
kg/mm2 pressure. Fourthly, after the stacked components 
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of DSSCs were heat press sealed, the electrolyte was 
then injected through the drilled opening hole of the Pt 
counter electrode. Finally, the drilled hole of the Pt 
counter electrode was sealed with a 3M invisible tape. A 
fabricated DSSC is shown in Fig. 4.  

3 Results and discussion 

The surface morphology of the thin film under various 
coating conditions was studied by scanning electron 
microscopy (SEM) analysis. The thickness, uniformity, 
porosity, and grain size, of the thin film were observed. 
The SEM photographs of the cross-sectional views of the 
TiO2 working electrodes fabricated under different 
conditions are shown in Fig. 5. The thickness values of 
the TiO2 working electrodes fabricated under the 
conditions A, B, and C are 7.67, 18.5, and 24.3 μm, 
respectively. 

The light transmittance characteristics of TiO2 
working electrodes, fabricated under the conditions A, B, 
and C, were measured utilizing ultraviolet-visible (UV-
Vis) spectroscopy. The measured light transmittance 
characteristics are shown in Fig. 6. The light 
transmittance characteristics of the TiO2 working 
electrodes fabricated under the conditions A, B, and C 
are 73%, 69%, and 66%, respectively, at a wavelength of 
850 nm. It was found that the increasing thickness of the 
TiO2 film reduced the light transmittance of the TiO2 
working electrode. 

The photovoltaic characteristics of the DSSCs were 
measured by an AM-1.5 sunlight simulator with a light 
intensity of 100 mW/cm2. The photovoltaic 
characteristics of the DSSCs, including open-circuited 
voltage (VOC), short-circuited current density (JSC), fill 
factor, and photovoltaic conversion efficiency were 
obtained. Table 1 lists the photovoltaic characteristics of 
the DSSCs. Fig. 7 shows the photocurrent density versus 
voltage (J-V) characteristics of the DSSCs. The short-
circuited current density of the DSSCs with the TiO2 
working electrodes fabricated under the conditions A, B, 
and C were 16.28, 14.27, and 14.07 mA/cm2, 
respectively. The photoelectric conversion efficiency of 
the DSSCs with the TiO2 working electrodes fabricated 
under the conditions A, B, and C were 6.01%, 5.29%, 
and 4.98%, respectively. It was seen that the increasing 
thickness of the TiO2 film from 7.67 to 18.5 and 24.3 μm 
decreased the photocurrent density and photovoltaic 
conversion efficiency of the DSSC.  

 
 

 

Fig.4. Fabricated DSSC. 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 5. Cross-sectional views of the TiO2 working electrodes 
fabricated under different conditions. (a) condition A, (b) 
condition B, and (c) condition C. 
 
 
 

The thicker TiO2 film resulted in the lower light 
transmittance. The lower light transmittance reduced the 
amounts of dye molecules excited by the photons. The 
fewer dye molecules excited by the photons led to the 
lower photocurrent density and photoelectric conversion 
efficiency of the DSSC. 
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Fig. 6. Light transmittance characteristics of TiO2 working 
electrodes.  
 
 
 

Table 1. Photovoltaic characteristics of DSSCs. 

 
Condition Voc 

(V) 

Jsc 

(mA/cm2) 

FF 

(%) 

Efficiency 

(%) 

Condition A 0.76 16.28 48.00 6.01 
Condition B 0.75 14.27 48.82 5.29 
Condition C 0.73 14.07 48.32 4.98 
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Fig. 7. Photocurrent density versus voltage (J-V) characteristics 
of the DSSCs. 
 
 

4 Conclusion  

The influence of the TiO2 film thickness (from 7.67 to 
24.3 μm) of the working electrodes on the DSSC 
performance, including VOC, JSC, fill factor, and 
photovoltaic conversion efficiency, was studied herein. 
Both the SEM and UV-Vis were used for the material 
analysis of the TiO2 working electrodes. The dye of the 
DSSC used the chemicals of N719 dye powders, TBA, 

and acetonitrile. The photovoltaic characteristics of the 
DSSCs were measured by an AM-1.5 sunlight simulator. 
The relations among the TiO2 film thickness, light 
transmittance characteristics, and photovoltaic 
characteristics were investigated. The TiO2 film 
thickness of the working electrodes affected the light 
transmittance and the light absorption of the dye, and 
gave rise to the final photovoltaic conversion properties. 
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