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Development of Low-Temperature annealing Technique for Plastic
Dye-Sensitized Solar Cells
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Dye-sensitized solar cells (DSSCs) requires annealing of a TiO, photoelectrode at 450-550-C to be
manufactured. However, the high-temperature annealing is disadvantageous because it limits the use of
materials that cannot withstand high temperatures. In our previous work, we propose a technique for
annealing the TiO, electrode in 150°C by using both atmospheric-pressure non-thermal plasma and
ultraviolet (UV) light. We are also succeeded in manufacturing plastic DSSCs annealed at 150-C by using
the technique. In this paper, we analyzed the mechanism of 150-C-annealed DSSCs by using a frequency
response analyzer (FRA), and discussed the impedance of TiO, photoelectrode. It was founded that our
low-temperature annealing technique is due to reactive oxygen species (Os, O, OH) produced by the

plasma and UV light.

1. Introduction

Recently, dye-sensitized solar cells (DSSCs) has
been receiving increasing attention as a low-cost
photovoltaic device [1, 2]. The DSSCs have a
photoelectrode of a nanoporous TiO, film made by
sintering TiO, paste, applied on a conductive
substrate. The optimum sintering temperature of the
TiO, paste is 450-550 °C. The high sintering
temperature restricts the use of materials with low
heat resistance. Flexible, low-cost, and lightweight
plastic substrates are also used in addition to glass
substrates. However, the energy conversion
efficiency of DSSCs with a plastic substrate is
much lower than that of DSSCs with a glass
substrate because the sintering temperature for the
former is limited below 150 °C [3-7]. To overcome
these disadvantages, manufacturing techniques
involving a low sintering temperature have been
developed particularly for the plastic substrate
DSSCs [8-14].

In our previous work, we propose atmospheric
pressure non-thermal plasma treatment [15] and
ultraviolet (UV) treatment [16]. Those techniques
can reduce the annealing temperature from 450 °C
to 250 °C, while maintaining the energy conversion
efficiency. Then we propose a technique of
reducing the annealing temperature to 150 °C, by
improving and combining those techniques [17]. In
this paper, we analyzed the 150 -C-annealed DSSCs
by using a frequency response analyzer (FRA), and
discussed the impedance of TiO, photoelectrode.
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2. Methodology

The DSSC samples were prepared as shown in
Fig.1 [17]. TiO, paste containing organic binder
(JGC cCatalysts and Chemicals, PST-18NR) was
applied on a fluorine-doped tin oxide (FTO) glass
substrate (AGC Fabritech) using screen printing.
The area of the TiO, film was 5 mm x5 mm. Then
the paste was Hot UV annealed for 18 hours. The
thickness of the TiO, film was 4 um after the
annealing treatment, which was measured with a
Dektak M6 stylus profiler. After the annealed TiO,
paste was subjected to dielectric barrier discharge
(DBD)-treatment, the samples were immersed in a
dye solution (Solaronix N-719, 1.9 mM/L in
ethanol) for 24 hours at 25 °C. Then, the substrates
were glued to a platinized counterelectrode with a
spacer sheet, and electrolyte (Solaronix lodolyte
AN 50) was injected between the substrate and the
counterelectrode.
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Fig.1 Manufacturing methods for DSSCs. [17]
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3. Results and discussion

Electrical impedance of DSSCs was measured by
a FRA (Nihon Denkei co. LTD., FRA5022). Figure
2 shows typical Nyquist diagrams (Cole-Cole plot)
of DSSCs using 500 °C annealed samples(A), 150
°C Hot UV annealed samples without DBD
treatment (B), and 150 °C Hot UV annealed
samples with DBD treatment (C). X-axis and Y-axis
are the real and the imaginary component of the
electrical impedance, respectively. A semicircle was
observed in each case in the frequency range of
1-1kHz. Those semicircles are attributed to the
electrical impedance at the TiO,/dye/electrolyte
interface [18]. The shape of the semicircle at the
case (B) was changed compared with that of the
case (A). This indicates that the electron transport
resistance of TiO, film is not sufficiently low, and
the necking of TiO, nanoparticles is insufficient. On
the other hand, the semicircle at the case (C)
remained nearly spherical, which indicates that
DBD treatment can reduce the electron transport
resistance and promote the necking of Hot UV
annealed TiO, nanoparticles as well as the 500 °C
annealed samples.
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Fig.2 Typical Nyquist diagrams of DSSCs using
different manufacturing methods.

4. Conclusion

We analyzed the 150 -C annealed DSSCs by
using a frequency response analyzer (FRA). It was
shown that the necking of 150 °C Hot UV annealed
TiO, nanoparticles is insufficient compared with
500 °C annealed samples. It was also shown that
DBD treatment can reduce the electron transport
resistance and promote the necking of Hot UV

annealed TiO, nanoparticles as well as 500 °C
annealed samples.
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