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The aim of this project is to develop innovative solar cells using ferroelectrics.
Based on the theoretical prediction obtained by the first—principles calculations,
ferroelectrics in the form of bulk single crystals and epitaxial thin films are
investigated. At first, titanium—based crystals are chosen as a model ferroelectric
and materials design for enhancing photovoltaic—current properties has been developed.
The following definite principles are demonstrated to be effective for enhancing
photovoltaic properties of ferroelectrics: the introduction of ferroelastic domains
and the visible—light absorption originating from defect—induced intermediate bands.
As a result of the applications of the materials design to niobium— and iron-based
ferroelectrics, their photovoltaic properties are found to be markedly improved
Specifically, a giant open—circuit voltage of 33 V, which is much higher than those
in semiconductor—based solar cells ("1V), is achieved in the niobium—based crystals.
Furthermore, the materials design described above enables us to obtain a large
short—circuit current in niobium—-based films, which is 40, 000 times as large as that
in the titanium—based crystals.

The materials design we have developed is applied to iron—-based ferroelectric
films, which leads to an extremely large short-circuit current. This short—circuit
current is four times as large as that in the niobium—based films and is comparable

to that in dye—sensitized solar cells using titanium oxide single crystals.
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