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Abstract of Thesis

Polymer/inorganic hybrid photovoltaics (HPVs) are promising candidates for the next—generation solar cells
because of their low production cost and light weight, which are considered essential for greatly decreasing
the cost of electricity generated by solar energy. The devices made of zinc oxide nanorods (ZnO-NRs) as an
acceptor material and poly (3-hexylthiophene) (P3HT) as the donor material are one of the most widely studied
structures of HPVs. The ZnO-NRs layer has high expectation because it can form the ideal interdigitated
structure for organic photovoltaics. The high aspect ratio of ZnO-NRs can provide not only a larger surface
area for exciton dissociation but also a continuous pathway for efficient electron transport. However, despite
these possible advantages of the HPVs having a ZnO-NR layer, their reported efficiency is still low. To improve
the efficiency of HPVs made of polymers and ZnO-NRs, it is essential to gain deep insights about the carrier
generation and carrier transportation processes and also factors limiting the efficiency on the basis of the
fundamental properties of the polymers and ZnO-NRs.

In HPVs, the exciton diffusion length of polymer (L) is of great importance. Due to the low dielectric
constant of polymers, photogenerated excitons can dissociate only at the donor/acceptor interface. This means
that only the excitons photogenerated in the region within the distance of Z, from the interface can contribute
to photocurrent. Hence, information about Z, is very important for designing the structure of HPVs. [, values
were experimentally studied using 4 kinds of representative polymers. The Z; values of the polymers were
determined to be 5 to 12 nm, depending on the structures, from the analysis of the quenching of fluorescence
from the polymers by Cg,, which formed a planar interface with the polymer layers. The efficiency of photovoltaics
made of these polymers showed the tendency to increase with the increase of the , value because more excitons
can reach the interface for charge separation.

7Zn0-NRs best suited to HPVs are expected to be aligned perpendicularly to the substrate with a spacing
of 2 x L, so that all the excitons generated in the gaps of the nanorods can reach the surface of nanorods.
Such a structure of ZnO-NRs having a length of about 300 nm, diameter of about 25 nm was successfully synthesized
by optimizing the parameters of the chemical bath deposition method

Surface of ZnO-NRs formed was contaminated by organic materials which were used for the deposition. These
contaminants impede the exciton dissociation and electron injection processes at the ZnO-NRs/P3HT interface
Normally, these contaminants are removed by heat treatment at about 400-500 ° C, which restricts the choice
of substrates. We found that utilizing the photocatalytic ability of ZnO, organic contaminants can be removed
by UV-irradiating the ZnO-NRs layer at room temperature before depositing a polymer layer on it

Properties of organic solar cells having a metal-oxide interlayer, which is usually made of assembly of
small particles, show improvement by UV irradiation, which is known by the name of the light-soaking effect
The effect is attributed to desorption of molecular oxygen from the surface of metal oxides by UV irradiation.
We found that HPVs having a ZnO-NRs/P3HT junction also show improvement in the properties by UV irradiation,
and that its effect on the photocurrent—-voltage characteristics is very different from that of the conventional
light—-soaking effect. The difference is attributed to the fact that, in the case of HPVs, oxygen molecules
existing at the ZnO-NRs/P3HT are very harmful for the charge separation at the interface, whereas the electrons
injected into ZnO-NRs can be transported to the electrode easily due to the nanorod structure, leading to

different light soaking effect of the HPVs from the effect observed with conventional OPVs.
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