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ABSTRACT

In this study, porphyrin-sensitized nanocrystalline TiO, was used as the working electrode
(photo-anode) for dye-sensitized solar cells (DSSC). The key process parameters in fabricating
high-efficiency DSSC, including the deposition of wide band-gap thin semiconductor films, were
investigated as preliminary tests for further detailed study later. The results indicate that the best
cell performances were Voc=0.53 V, Jsc=5.81 mA/cm?, and FF=0.34 with a solar energy conversion
efficiency of 0.39% (in laboratory conditions). The addition of a co-adsorbent shifted the absorption
spectrum of the sensitizer. The dark-current diode analysis revealed that the series resistance (R,)
for the equivalent circuit of solar cells was closely related to the filled factor (FF). In this case, the
low conversion efficiency was a result of the very low FF value. Moreover, the morphology of TiO,
films revealed that spin-coated films have better quality with uniform thickness compared to those
coated by the doctor-blade process. When analyzing the transport behavior of photo-generated
carriers by a simple diffusion model, the anticipated diffusion length of the photo-injected electrons
lies within 10um, being in accordance with our experimental results. To control the porosity of a
TiO, working electrode, poly(ethylene glycol) was introduced. As the amount of PEG was
increased, the BET surface area of the thin TiO, films also increased. The TiO, working electrode
reached a maximum BET surface area of 48.2 m?/g as the added PEG content reached 20%. After
the amount of PEG was increased to 30%, the BET surface area declined to 44.6 mzlg while the
maximum Jsc (3.91 mA/cm? ) was being obtained. The normalized surface-area-to-photocurrent
ratio indicated that the result was approximately consistent with the increase in the trend of the BET
surface area. Consequently, it was revealed that one of the governing factors for photo-injected
electron transport is the surface area of thin TiO, films. In contrast to the relationship between BET
and Jsc, the relationship between BET and Voc was oblique because the change in surface states for
nanocrystalline TiO, was compensated by other non-ideal factors such as impurities in the entire cell
and hydrocarbon residues after calcinations. Furthermore, the DSSC fill factor in this study was
quite low compared to other published results of studies using Ru-complex dyes. Therefore,
working porphyrin-sensitized nanocrystalline TiO, electrodes show a satisfactory high Jsc of 5.81
mA/cm? at Voc=0.53 volt, and FF=0.34. The low FF in this study still needs research toward further
improvement.
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