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ABSTRACT 
 
In the last few years, several articles have been devoted 

to the study of the flexible dye-sensitized solar cell (DSSC) 
in stainless steel substrate, but few of them dicuss the 
performance of 1cm x 1cm photoelectrode permuted 
differently on different size stainless steel substrate. The 
size of stainless steel changes with the photoelectrode 
permutation, and is augmented on a scale from 2cm x 2cm, 
2cm x 4cm, to 4cm x 4cm while the figures of short circuit 
current density (Jsc ) and power conversion efficiency (ŋ) 
show little discrepancy, the figures of open circuit voltage 
(Voc) and the fill factor (FF) reduce when the size of the 
substrate is enlarged. Such a reduction is caused by the 
suppression of Jsc. Besides, put on 4cm x4cm substrate, the 
performance of 4 pices 1cm x 1cm photoelectrodes is bettet 
then one piece of 2cm x 2cm photoelectrode. With this 
result, we intend to find an efficient way in the 
manufacturing process for large-area. 
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1 INTERDUCTION 

 
Since the end of 20th century, different kinds of energy, 

such as coal, oil, natural gas, have been consumed 
considerably. And these kinds of energy will also bring 
about serious environmen pollution. Therefore, many 
countries start to pay attention to the development of 
renewable energy. Solar cells, for instance, are utilized to 
transform light into electricity by photovoltaic effect [1–3]. 
With solar cells, some energy loss caused by complicated 
procedures of energy conversion can be avoided. Nowadays, 
solar cells are divided into crystalline silicon solar cells, 
multicrystalline silicon solar cells, dye-sensitized 
nanostructured solar cells and organic solar cells. The first 
two kinds of solar cells are characterized by high  
efficiency. However, the application is limited by the 
abundant but high-priced silicon. The last two kinds of 
solar cells are still at the development stage. Although 
organic semiconductor thin film solar cells are flexible and 
controllable, their efficiency is still quite low.  

The dye-sensitized solar cell (DSSC) has attracted much 
scientific attention in recent years because of its low cost, 
relatively high photoelectric conversion efficiency and its 
facile fabrication process [1, 4]. However, it is difficult for 
DSSC to enter the market since commercial silicon solar 
cells have achieved low costs due to the scale in production 
and would be the long-term market leader. Thus, DSSC 
assembled with a flexible electrode is competitive and 
expected to facilitate market entry, both for use in domestic 
devices as well as in architecture or decorative applications 
[5, 6]. Considerable efforts have focused on the flexible 
substrate including conducting plastic substrates [7–9], 
stainless steel [10, 11], Ti substrate [12–14], etc.  

Flexible DSSC was initially proposed by Pichot et al. 
[15], though it was not until 2005 that the stainless steel 
was proposed as the substrate for flexible DSSC [16]. 
Although similar studies were presented subsequently, it 
was not until 2009 that the substitution of stainless steel 
sheet by titanium (Ti) sheet was proposed to achieve higher 
photoelectric conversion efficiency [17]. The most 
important advantage of the StSt-based TiO2 film electrode 
over plastic-based electrodes lies in its high-temperature 
sinterability. Both ITO- and SiOx-sputtered StSt were 
chosen as substrates for flexible DSSCs, because it has 
previously been ascertained that the insertion of an 
insulating SiOx layer improves the photovoltaic properties 
over DSSCs without a SiOx layer.[18] The power 
conversion efficiency (ŋ) of the DSSC with a 
StSt/SiOx/ITO/TiO2 electrode was improved by 17 and 
30%, compared to those based on StSt/ITO/TiO2 and 
StSt/TiO2 electrodes, respectively[19]. 

This paper is intended as an investigation of available 
method for large-area. When the flexible dye-sensitized 
solar cell (DSSC) in stainless steel substrate was up to 4cm 
x 4cm, change the photoelectrode size as the same total area 
in stainless steel substrate. The fill factor (FF) showed little 
change and the power conversion efficiency was increased 
significantly. 

 
2 EXPERIMENTAL 

In this paper was used four different kinds of flexible 
dye-sensitized solar cells (DSSC) in stainless steel devices 
and used the performance of 1cm x 1cm photoelectrode in 
2cm x 2cm stainless steel substrate to discuss others. Those 
devices had the same conditions of manufacturing process. 
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Figure 1 shows the different type of  flexible dye-sensitized 
solar cells (DSSC) in stainless steel devices. A is 1cm x 
1cm x 1pcs photoelectrode in 2cm x 2cm stainless steel 
substrate, B is 1cm x 1cm x 2pcs photoelectrode in 2cm x 
4cm stainless steel substrate, C is 1cm x 1cm x 4pcs  
photoelectrode in 4cm x 4cm stainless steel substrate, and 
D is 2cm x 2cm x 1pcs photoelectrode in 4cm x 4cm in 
stainless steel substrate. 

  

 
Figure 1: The different type of  flexible dye-sensitized solar 
cell (DSSC). A is 1cm x 1cm x 1pcs photoelectrode in 2cm 
x 2cm stainless steel substrate, B is 1cm x 1cm x 2pcs 
photoelectrode in 2cm x 4cm stainless steel substrate, C is 
1cm x 1cm x 4pcs  photoelectrode in 4cm x 4cm stainless 
steel substrate, and D is 2cm x 2cm x 1pcs photoelectrode 
in 4cm x 4cm in stainless steel substrate. 

 
2.1 Fabrication of photovoltaic devices 

16 μm nanocrystalline TiO2 photoelectrodes were 
prepared from titania paste (Ti-Nanoxide T series, 
Solaronix SA). The paste was applied to the transparent 
conducting oxide by ‘doctorblading’ techniques and 
annealed at 450 ℃ for 30 min in air. The thickness of the 
TiO2 films was measured with an Alpha-Step 300 profiler. 
Once the TiO2 electrodes had been cooled to around 100 ℃, 
they were dipped in a 0.3 mM solution of N719 in tert-
butanol–AN (1 : 1, v/v). The TiO2 electrodes were 
immersed in the dye solutions and then kept at 25 ℃ for 
more than 12 h to allow the dye to adsorb on the TiO2 
surface, and rinsed with the same solvents. The dye-loaded 
TiO2 film (as the working electrode) and Pt-coated TCO (as 
the counter electrode) were separated by a hot-melt Surlyn 
sheet (60 mm) and sealed together by pressing them under 
heat. The electrolytes was heated to 80 ℃  for a clear 
solution and introduced into the gap between the working 
and the counter electrodes from the two holes predrilled on 
the back of the counter electrode. Finally, the two holes 

were sealed with a Surlyn film covering a thin glass slide 
under heat. The electrolyte, 0.6 M [PMI][I] + 0.1 M LiI + 
0.03 M I2 + 0.5 M TBP in methoxypropionitrile, was used 
in this work. 

 
2.2 Photovoltaic measurements 

The current–voltage (I–V) characteristics in the dark and 
under illumination were measured with a Keithley 2400 
sourcemeter. The photocurrent was measured in a nitrogen-
filled glove box under a solar simulator (Oriel 96000 150W) 
with AM 1.5G filtered illumination (100 mW cm-2). The 
spectra-mismatch factor of the simulated solar irradiation 
was corrected using a Schott visible-color glass-filtered 
(KG5 color filter) Si diode (Hamamatsu S1133). [20]  

 
3 RESULTS AND DISCUSSION 

 
Under illumination of 100 mW cm-2, the photovoltaic 

performances of DSSCs based on photoelectrode 
permutation 1cm x 1cm x 1pcs, 1cm x 1cm x 2pcs, 1cm x 
1cm x 4pcs, and 2cm x 2cm x 1pcs are shown in Table 1, 
and its graph it presented in Fig. 2. Fig. 2 shows the 
photocurrent density vs. voltage response of four cells made 
with 16 μm layers of TiO2. In this case, device A shows a 
higher light-to-electricity conversion efficiency (η 4.51%) 
than device B (η 4.30%), C (η 3.79%) and D (η 3.47%). 
This result is probably caused by a series connection of the 
same DSSC in stainless steel substrate. Similar 
observations have also been made by Yamaguchi et al.[21]. 
Fig. 3 shows the different type device of  flexible dye-
sensitized solar cells (DSSC). 

 
Figure 2: The J-V curve of  different type of  flexible dye-
sensitized solar cell (DSSC) in stainless steel substrate. 
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Table 1: The performance of different type of  flexible dye-
sensitized solar cell (DSSC) in stainless steel substrate. 
 

 
Figure 3: The different type of  flexible dye-sensitized solar 
cell (DSSC). A is 1cm x 1cm x 1pcs photoelectrode in 2cm 
x 2cm stainless steel substrate, B is 1cm x 1cm x 2pcs 
photoelectrode in 2cm x 4cm stainless steel substrate, C is 
1cm x 1cm x 4pcs  photoelectrode in 4cm x 4cm stainless 
steel substrate, and D is 2cm x 2cm x 1pcs photoelectrode 
in 4cm x 4cm in stainless steel substrate. 

  
Compared device A with device D, exhibits excellent 

photocurrent density (9.61 mA cm-2), Voc (0.72 V), but  
lower efficiency of power conversion by 23%. Hence, it can 
be assumed that the high  internal resistance of device D 
will cause the Fill Factor (FF) to decrease and that the 
increase of activated area and length of electron pathway 
will cause the resistance value of device D to enhance.  

Compared with device A (1cm2 activated area), B 
(2cm2 activated area) and C (4cm2 activated area), exhibits 
lower Jsc (8.57 mA cm-2), because devic C has higher 
stainless steel resistance. The variation of Voc for these 
devices is within 0.7V ± 3%. This resistance value was 
responsible for the lower Jsc  and η.  

The activated area for device C and D is the same 
(4cm2 activated area). However, device C shows lower Jsc 
(8.57 mA cm-2) but higher FF (0.62) This phenomenon 
results from the too high inner resistance of activated area 
which will cause FF to decrease.(as shown in Fig. 4.) The 
influence of parallel resistance Rp on the J-V characteristic 
is ignorable in device C, so we just discussed the influence 
of series connection in this case. [21] 

 

 
Figure 4: Influence of series resistance Rs and parallel 
resistance Rp on the J-V characteristic: (a) illuminated, R, 
varied; (b) illuminated, Rp varied [21] 

 
4 CONCLUSION 

 
In conclusion, we find an efficient method to enlarge the 

flexible dye-sensitized solar cell (DSSC) in stainless steel 
devices. To compare device C with device D, we discover 
that in the manufacturing process for large-area, the 
performance for dispersed same-sized photoelectrode is  
better than that for gathered same-size photoelectrode.  
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