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Influence of O, Annealed Electrode on Microcosmic Performances in
Dye—sensitized Solar Cells

Kou, Dongxing™’ Liu, Weiging” Hu, Linhua® Chen, Shuanghong”
Huang, Yang” Dai, Songyuan**
(“ Key Laboratory of Novel Thin Film Solar Cells, Institute of Plasma Physics, Chinese Academy of Sciences, Hefei 230031)
¢ Key Laboratory For Special Functional Materials, Henan University, Kaifeng 475004)

Abstract Over the last decade, different techniques had been employed to prepare nanoporous TiO, electrode, aiming to
improve the electron transport and depress electron recombination processes in dye-sensitized solar cells (DSCs). Preparing
TiO, films by various atmospheres and annealing processes was an effective method to change their surface properties. Many
results had been published recently regarding the effect of annealing atmospheres on cell performances, but there is no de-
tailed study disclosing the working mechanism of O, annealed electrode so far. In the present work, the influence of O, an-
neal electrode on charge transport and recombination processes in dye-sensitized solar cells (DSCs) was investigated. TiO,
films were prepared by a two-step annealing process. The 1st-step of annealing was performed in air or oxygen at 510 ‘C for
30 min which effectively removed the residual organics originated from the TiO, precursor pastes. The 2nd-step of annealing
was performed in nitrogen at 510 C for 10 min which removed extra oxygen atoms resulted from the incorporation of oxy-
gen atoms adsorbed onto photoanode surface during the 1st-step of annealing. Series resistance and fill factor (FF) of the cell
can be improved by the 2nd-step. The surface properties of sintering films were characterized by X-ray photoelectron
spectroscopy analysis (XPS). The microcosmic processes of recombination, transport and band edge movement were detected
by intensity-modulated photocurrent spectroscopy (IMPS)/intensity-modulated photovoltage spectroscopy (IMVS). It was
found that both open-circuit photovoltage (¥,.) and short-circuit photocurrent (J5.) were improved by O, annealed electrode.
0, anneal could reduce the recombination centers of Ti** defects and the recombination between electron and I, was
consequently depressed. Additionally, the electron transport process in TiO, films was also improved due to the increase of
dye absorption amount and more positive band shift by O, anneal. Overall, O, annealed electrode enhanced the light
absorption efficiency, electron collection efficiency and injection efficiency, inducing the cell efficiency rose from 6.90% to
Keywords dye-sensitized; solar cells; anneal atmospheres; electron transport and recombination
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Figure 1 XPS spectra of the Ti2p spectral region in electrodes annealed
in O, and air
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Figure 2 UV-Vis absorbance spectra of the dye molecules detached
from electrodes annealed in O, and air by 0.1 mol/L NaOH aqueous solu-
tion
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trodes annealed in O, and air
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