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In this study, we developed a novel technique to improve the surface band
structure and to control the nanosurface and interface structure of semiconductor oxide nanoparticles by
codope processing of the cation and the anion using the sol-gel method that was a chemical treatment
method and the low-temperature plasma treatment method and the ion-implantation that were a physical
treatment method. By the developed technique, we clarified the effects of the surface and interface
nanostructure and surface band structure of the inorganic matter (semiconductor oxide nanoparticles) in
the (inorganic/organic) composite material on the electronic movement and diffusion between the
semiconductor oxide electrodes and organic molecules (dyes). Also, we examined to optimize the surface
band structure to improve a photoelectric conversion characteristic of the cells. It was tried to examine
the high efficiency of the dye -sensitized solar cells by the optimized combined treatment.
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Fig.1 -V curves of dye-sensitized solar cell

based on the TiO, electrodes prepared
by Ta doping.



N
(V)]

£ 1. 5
o ° 3
<20} o
£ ﬁém%ﬁwﬁﬁﬁéﬁﬁﬁ@ %
~ 0606000066000p6000060050000600p-H.
2 Ooooo°oooo°o°oo°ooo°iooo 2 °005iy :
E 15 o < °<>‘>°oo‘2§mﬁ/
g g5
)
S10 “
E VVVVYVVVVYYIVIVIVIVVVYIVVVYVIVIVVyyyy ﬁﬁ 6-
£ NEE; 4
5 1. 0 HfITi=0 4. O Hf/Ti=0.03 "
2 5[ 2 4 HTi=001 e
g 3.0 Hf/Ti=0.02 6. V Hf/Ti=0.10 %
-9 0 1 " " 1 1 ! B
0 01 02 03 04 05 06 07
Voltage / V
Fig.2 1-V curves of the dye-sensitized solar

cells based on the TiO, electrodes
prepared by the Hf doping.
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Fig.3 1-V curves of the dye-sensitized solar

cells based on the Hf-doped TiO,
electrodes  prepared by the N
ion-implantation.
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