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Research and Development of High-efficiency Photovoltaic Nanomaterial
Using by (Low-temperature Plasma/lon-implantation) Combined Treatment

YAMANE HIROKAZU

Dye-sensitized solar cells (DSCs) called Gratzel cells have
attracted a great deal of interest, as they offer simple assembling process and
low-cost fabrication alternative to silicon solar cells. In this study, for the
purpose of the development of the new organic solar cell with the photovoltaic
conversion efficiency (n) of 12%, the photochemical performance of the DSC
comprised of the Ti0, electrode prepared by (low-temperature
plasma/Zion-implantation) combined treatment has been investigated. The cells
comprised of the Ar plasma irradiated and N or Zr ions-implanted TiO, electrode
showed a higher short-circuit photocurrent density (Jsc¢) and higher n, compared
with the original cell. It has been found that the (cold plasma/ion-implantation)
continuous treatment is very effective technique to improve the performance of
the DSCs with long wavelength absorption dye used as the oxide semiconductor sensitizer
which was absorbed the solar light up to a wavelength of 920nm, and could be taken out
energy effectively from the solar light.
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Fig.1 |-V curves of dye-sensitized solar cells based on the
TiO, electrode prepared by (Ar plasma / N

ion-implantation) continuous treatment. Ar plasma
power: 50, 100 and 200W, irradiation time: 10s.

Table 1  Performance of dye-sensitized solar cells based
on the TiO, electrode prepared by (Ar plasma / N
ion-implantation) continuous treatment. Ar plasma
power: 50, 100 and 200W, irradiation time: 10s.
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I-V curves of dye-sensitized solar cells based on the
TiO, electrode prepared by Zr* and (Zr* / N
ion-implantation.

Performance of dye-sensitized solar cells based on
the TiO, electrode prepared by Zr" and (Zr* / NY)
ion-implantation.

Jsc/mA cm” Voc /V i 1/ %

Original 12.73 0.742 0.521 4.92

Zr" ion-implantation 15.07 0.682 0.551 5.67

@' IND) i 16.22 0.697 0.456 5.15
Table 3  Performance of dye-sensitized solar cells based on the

(Zr* I N") ion-implanted TiO, electrode prepared by Ar plasma
irradiation. Ar plasma power: 50, 100, 150 and 200W.

Jsc/mA cm’ Voc /V ff n/ %
Original 16.38 0.687 0.478 5.38
Continuous treatment SO0W 18.32 0.703 0.416 5.36
Continuous treatment 100W 21.44 0.694 0.453 6.74
Continuous treatment 200W 21.99 0.684 0.421 6.34
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(Zr" / N*) ion-implantation 14.49 0.735 0.456 4.86
Ar plasma 50W 15.82 0.726 0.493 5.67
Ar plasma 100W 13.45 0.724 0.513 5.00
Ar plasma 150W 14.13 0.728 0.521 5.35
Ar plasma 200W 12.72 0.710 0.458 4.13
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1-V curves of dye-sensitized solar cells based on
the TiO, electrode prepared by
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