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ABSTRACT

This paper  died zinc oxide-N719 based dye-sensitized solar cell (ZnO-N719 DSSCs)
preparation processes and investigated effects of N719 solution dipping time as well as
temperature on the cell performance. Light absorption, current density-voltage characterization
and pH determination techniques were used to examine the cells. The results showed that ZnO-
N719 DSSCs efficiency increased with dipping time and reached the optimum point then
decreased for both 30°c and 50°c solution temperature. The optimum dipping time for 30°c
N719 solution was 180 minutes giving 0.918% efficiency while that for 50°c N719 solution was
30 minutes with 0.922 % efficiency. The results revealed that increasing N719 solution
temperature from 30°c to 50°¢ could reduce aye adsorption period up to 6 times and improved
Zn0-N719 DSSC performance.
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Recombination reduction of ZnO-dye sensitized solar cell by thermal stimulation
Pichanan Teesetsopon

Department of Physics/Faculty of Science, King Mongkut's Institute of Technology, Thailand
ktpichan'@kmitl.ac.th
Zinc oxide nanoparticles dye-sensitized solar cells were prepared using thermal stimulated
dye loading process. DSSCs efficiency enhancement was obtained with 6 times shorter in
dye loading step. Current-voltage characterization and interfacial charge recombination
investigation by electrochemical impedance spectroscopy indicated that higher efficiency
was correlated with charge recombination reduction at the photoelectrodes.

INTRODUCTION

Dye-sensitized solar cells (DSSCs) have been an interesting photovoltaic technology due to the
lower cost of production as compared to silicon-hased solar cells'. However, recombination
process remains an important obstacle for DSSCs efficiency boosting12 This work reveals that
charge recombination at the photoelectrode could be reduced by thermal stimulated dye loading
method.

EXPERIMENTAL/THEORETICAL STUDY

Zn0 nanoparticles were prepared on fluorine doped tin oxide glass substrate by doctor blade
method and annealed at 400°c for 30 minutes. The prepared ZnO samples were dipped 0.5
mM Ruthenizer 535-hisTBA (N719) in ethanol under 30°C and 50°C temperature control at
various times. UV-Vis spectroscopy, J-V characterization and electrochemical impedance
spectroscopy (100 /! 2halogen light source at open circuit voltage) were used for ZnO-DSSCs
investigation.

RESULTS AND DISCUSSION
The optimum dye loading time for 30°c and 50°¢ dipping temperature were found at 180 mins
and 30 mins, respectively. The optimized parameters were shown in Table 1 Lower current
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density was obtained for thermal stimulated DSSCs. Therefore higher efficiency should be
influenced by higher fill factor and open circuit voltage.

Tablel. Optimized parameters of ZnO-DSSCs

Parameters 30°c 180 rates  50°c 30 rates

IS¢ (MACm'2, 159 5407

Voc 0.3% 0413

Fill Factor 0.342 0415

Efficiency (%) 0918 0929

Dye adsorption ( x 10Bmolxm'2 3960 6.740
)

400

(0]

C/ 20y

Fig. 1Nyquist plot and equivalent circuit model (inset)
Table 2. Interfacial properties determined by EIS

EIS parameters 30°c 180 mins 50°c 30 mins
: 5007
Ree( ) B2% 2806
Ceex 105() 2% 1%
Ree () %% 2904
CpexlO™(F) 18 13
Wxio2( 9 28
t 010 024

Fill factor was known as an indicator for charge recombination inside DSSCs cells2 It was also
confirmed here by electrochemical impedance analysis (Fig.I and Table 2) that enhanced
efficiency DSSCs was caused hy recombination resistance enhancement at the photoelectrode34

CONCLUSION

Thermal stimulation of dye loading process can enhance ZnO-DSSCs efficiency and shorten dye
loading step up to 6 times. J-V and EIS investigation give evidences for charge recombination
reduction at the photoelectrode.
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