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Abstract: Dye-sensitized solar cells (DSSCs) based on titanium dioxide (TiO:2) have been extensively studied
because of their promising low-cost alternatives to conventional semiconductor based solar cells. DSSCs consist
of molecular dye at the interface between a liquid electrolyte and a mesoporous wide-bandgap semiconductor
oxide. Most efforts for high conversion efficiencies have focused on dye and liquid electrolytes. However,
interface engineering between dye and electrode is also important to reduce recombination and improve
efficiency. In this work, for interface engineering, we deposited semiconducting ferroelectric BiFeO; with bandgap
of 28 eV on TiO; nanoparticles and nanotubes. Photovoltaic properties of DSSCs were characterized as a
function of thickness of BiFe(Os; We showed that ferroelectric BiFeOs;-coated TiO; electrodes enable to increase
overall efficiency of DSSCs, which was associated with efficient electron transport due to internal electric field
originating from electric polarization. It was suggested that engineering the dye-Ti(O: interface using ferroelectric
materials as inorganic modifiers can be key parameter for enhanced photovoltaic performance of the cell.
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Fig. 1. Photography of TiO:; nanotube (TNT) membrane
fabricated by anodizing method.
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Fig. 2. (a) The schematic diagram and (b) photography
of dye-sensitized solar cell (DSSC) with ferroelectric
BiFeOs;-coated TiO: nanoparticles (TNP) and nanotubes
(TNT) as a photoelectrode.
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Fig. 3. SEM images of the top view for (a) TNP, (b)
BFOI5/TNP and (c) BFO45/TNP.
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Fig. 4. Plane-view and cross-sectional SEM images of
(a,b) TNT and (c,d) BFO45/TNT.
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Fig. 5. X-ray diffraction patterns for (a) BFO/TNP (b)
BFO/TNT as a function of BFO deposition time.

Fig. 6. PFM-phase image of BFO45/TNT sample.
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Fig. 7. Photocurrent density-voltage (/-V) characteristics
of DSSCs consisted of (a) BFO/TNPs and BFO/TNTs
with various BFO deposition times.
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Table 1. Photovoltaic parameters of DSSCs fabricated
with BFO/TNPs and BFO/TNTs.

Voe Jse FF PCE
sample %
(mV) (mA/em’) (%) (%)
TNP 757.6 79 57.8 35
BFO15/TNP 787.9 7.4 66.8 39
BFO30/TNP 727.2 84 67.0 4.1
BFO45/TNP 666.6 2.3 63.8 0.9
BFOG60/TNP 565.6 0.68 54.4 0.2
TNT 747.5 10.2 66.5 5.1
BFOI5/TNT 686.8 85 59.3 3.5
BFO30/TNT 686.8 5.5 59.8 23
BFO45/TNT 565.5 1.2 47.3 03
BFOG60/TNT 525.2 0.81 55.3 0.2
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Fig. 8. Energy levels of the components of DSSCs with
BFO/TiO»FTO structure.
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