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Research & Development of High Efficiency Dye-sensitized Solar Cells
by (Cation/Anion) Codoping Treatment
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Abstract
Dye-sensitized solar cells (DSCs) are most expected to be one of the next—generation solar cells because of their simple
manufacturing process and low-cost fabrication. In this study, in order to increase the power conversion efficiency () of the DSC,

the photochemical performance of the DSC comprised of the TiO, electrode prepared by (cation/anion) codoping treatment using both

the hydrolytic sol-gel method and the ion-implantation has been investigated.

Zr-doped TiO, nanocrystals have been prepared by the

hydrolytic sol-gel method. The cells comprised of the Zr ion-doped TiO, electrode showed higher open-circuit voltage (Voc) with increasing

the amount of doping Zr ions up to 0.05 wt%.

have been prepared by N-ions implantation into the Zr-templated TiO, electrodes.

showed higher short-circuit photocurrent density (Jsc), Voc and 5, compared with the original cell.

The Voc could be improved remarkably by Zr anion doping.

(Zx/N) ions doped TiO, electrodes
The cells comprised of the (Zr/N) ions doped TiO, electrodes

It was recognized that the

(cation/anion) codoping method is very effective treatment technique to improve the performance of the DSCs.
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the TiO, electrode prepared by (cation/anion) codoping.
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Fig.2 DFM Images of TiO, electrodes prepared by Zr doping.
(a) Zr/Ti =0 and (b) Zr/Ti = 0.05

Table 1 Roughness parameter (Ra) and surface area (S) of TiO,
electrodes prepared by Zr doping.

Sample Ra/10'nm S/10°nm’
Zr/Ti=0 6.696 4.146
Zr/Ti=0.01 7.026 3.888
Zr/Ti=0.05 6.848 4.493

Zr/Ti=0.10 5.709 3.793
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Fig.3 Diffuse reflectance UV-Vis absorption spectra of

the TiO, electrodes prepared by Zr doping.
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Fig.4 Zr;,, XPS spectra of TiO, electrodes prepared by
Zr doping.
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Fig.5 1-V curves of dye-sensitized solar cells based on the
TiO, electrodes prepared by Zr doping.

Table 2 Performance of the dye-sensitized solar cells based on
the TiO, electrodes prepared by Zr doping.

Sample Jsc / mA Voc/V I % nl %
Zr/Ti=0 18.74 0.663 57.0 7.08
Zr/Ti=0.01 18.98 0.696 58.7 7.76
Zr/Ti=0.05 18.42 0.698 58.6 7.53
Zr/Ti=0.10 14.94 0.683 62.1 6.33
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Fig.6 Action spectra of photocurrent for the dye-sensitized

solar cells based on the TiO, electrodes prepared by Zr

doping.
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Fig.7 Njs XPS spectra of Zr-doped TiO, prepared by
N-ion implantation.

[
<

3.

(B B i B

IR ——— ﬁ%@%@]@/
i %

o
wn

=
&

1. O Non-doped A‘E@
[ 2. A N-ion implantation at 298K 20,
3. 0 N-ion implantation at 373K 29,

n

Photocurrent Density / mA *cm?
B

=]

01 02 03 04 05 0.6 0.7
Voltage / V

Fig.8 I-V curves of the dye-sensitized solar cells based on the

<

TiO, electrodes prepared by the N-ion implantation.

Table 3 1-V characteristic values for the dye-sensitized solar
cells based on the TiO, electrodes prepared by the N-ion

implantation.

Sample Jsc/mA  Voc!V  ff/% nl%
Non-doped 16.84 0.666  65.7 7.37
N-ion implantaion at 298K 16.90 0.666  65.3 7.35
N-ion implantation at 373K 17.53 0.664  64.8 7.53
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Fig.9 I-V curves of dye-sensitized solar cells based on the

Zr-doped TiO, electrodes prepared by N-ion implantation.

Table 4 Performance of the dye-sensitized solar cells based on
the Zr-doped TiO, electrodes prepared by N-ion implantation.

Sample Jsc/mA  Vocl/V ff/% nl%
Zx/Ti=0 17.00 0.675 63.2 7.25
Zr/Ti=0.01 17.12 0.691 64.8 7.60
N-ion implantation, Zr/Ti= 0 18.60 0.670 62.5 7.85

N-ion implantation, Zr/Ti=0.01  20.79 0.686 58.1 8.28
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