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oReport summary (English)

Principal investigator: Hiroshima University, Professor Itaru Osaka
R & D title: Development of high-efficiency polymer-based organic photovoltaic cells

1. Purpose of R & D

Development of novel photovoltaic systems is an important issue for realizing global low-carbon
society. Organic photovoltaic (OPV) cells are an emerging device that can enable lightweight, large-
area, flexible, low-cost and low-energy fabrication, in contrast to the conventional silicon technology,
and thus is expected to greatly contribute to resolving the issue. A crucial issue facing OPVs is how to
improve the power conversion efficiency that is far lower than that of the silicon photovoltaics. In this
project, we aimed at creating novel p-type organic semiconducting polymers for high-efficiency OPV
cells by precisely controlling their electronic and ordering structures. Specifically, we designed
crystalline semiconducting polymers by incorporating fused heteroaromatic rings as the building
blocks. Further, analyses of the energetics for the materials and materials interfaces as well as studies
of the charge generation and recombination dynamics were also carried out, the results of which were
fully utilized for the design of materials and photovoltaic cells.

2. Outline of R & D
(1) Contents:

The project was conducted by three groups: the group of Osaka at Hiroshima University as the
project leader, the group of Yoshida at Chiba University, and the group of Ohkita at Kyoto University.
The group of Osaka conducted the development of semiconducting polymers mainly focusing on the
reduction in voltage loss that is a bottleneck issue for OPVs. The group of Yoshida carried out precise
measurements and analyses of the electronic structures of the materials by photoelectron and inverse
photoelectron spectroscopies, which are important for understanding the photovoltage of the OPV
cells. The group of Ohkita conducted transient absorption spectroscopy and transient photocurrent and
photovoltage measurements to evaluate the charge generation and recombination efficiencies, which
are crucial for understanding both the photocurrent and photovoltage of the cells.

(2) Achievements:

In this project, a number of novel semiconducting polymers were developed. For example,
polymers with precisely controlled electronic properties as well as crystallinity were developed by
rationally choosing the fluorine substitution position on the backbone. By introducing newly
developed electron-deficient m-conjugated building unit and utilizing non-covalent interactions within
the backbone, polymers having high crystallinity and good processability were also developed. As a
result, power conversion efficiencies as high as 11% that is one of the highest values for fullerene-
based OPV devices, were realized. Further, these devices were also found to be very stable under
elevated temperatures. One of the polymers developed here had nearly zero energy offset between the
fullerene, leading to significantly reduced voltage loss to 0.52—0.55 V that was among the smallest
values for OPVs. It is important to point out that even the voltage loss was small, the device showed
significantly high quantum efficiencies and thus high photocurrents, in contrast to conventional OPV
devices. Further, power conversion efficiencies of 13% were also realized by using “non-fullerene”
(NFA) n-type semiconductors. In addition, ternary blend devices in which a crystalline polymer and
fullerene were used as the host materials and an NFA material as the third component were also
developed. Interestingly, significant sensitization was observed at the NFA absorption range, leading
to improved quantum efficiencies and thereby high power conversion efficiencies. These results would
be important guidelines for further improvement of the OPV performance.

(3) Future developments:

The polymers developed in this project were found to be best-performing materials for OPVs when
combined with a fullerene derivative as the n-type semiconductor. However, the OPV community
has recently been focusing more on NFA materials as the n-type semiconductor since they
outperform the conventional fullerene materials. Therefore, we plan to develop novel NFAs as well
as polymers for further efficiency improvement. We also plan to collaborate with industrial
companies to fabricate OPV modules by using the polymers developed in this project.



