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Introduction

This project, funded by the Global Climate and Energy Project, involves making
efficient photovoltaic (PV) cells with semiconducting polymers that could be deposited in
reel-to-reel coaters. Careful analysis and optimization of each process that occurs in bulk
heterojunction PV cells will be carried out and devices based on ordered interpenetrating
networks of organic and inorganic semiconductors will be created. Specifically this
research will lead to devices that will efficiently split excitons and carry charge to
electrodes, that will have improved packing of the molecules in the organic
semiconductor to enhance its ability to carry charge, and that will have a modified
organic-inorganic interface to prevent recombination of electrons and holes. It is
anticipated that charge recombination in the cells will be almost completely eliminated
and energy conversion efficiencies in the range of 10-15% will be obtained.

Background

Currently the best commercially available PV cells are made of crystalline silicon and
have an energy conversion efficiency of 12%. The cost of these cells is $3 per Watt of
power generated under solar AM 1.5 conditions. These costs need to be reduced by an
order of magnitude to around $0.3 per Watt for PV cells to be competitive with other
energy generation systems and be manufactured on a large scale. A revolutionary
breakthrough in reducing the costs of PV cells may be achieved if the semiconductor
were deposited from solution onto large flexible substrates in reel-to-reel coating
machines similar to those used to make food packaging. Manufacturing costs would be
much lower because reel-to-reel coaters use very little energy and have an exceptionally
high throughput. Installation costs would be lower because lightweight flexible PV cells
could be handled more easily than heavy silicon panels. Since organic semiconductors,
such as conjugated polymers, can be deposited from solution, they are very attractive for
PV applications. Research on organic PV cells has shown that it is important to have two
semiconductors with a large interfacial area so that photogenerated excitons can be split
by electron transfer.™* PV devices with interpenetrating networks of two semiconductors
are known as bulk heterojunction cells.

The processes involved in operating a bulk heterojunction PV device are shown in
Figure 1. To optimize performance of these cells, the desirable processes (1. light
absorption, 2. exciton diffusion, 3. forward electron transfer, and 4. charge transport)
should be maximized, while the undesirable recombination processes (5. geminate
recombination and 6. back electron transfer) should be limited. This can be achieved by
improving charge carrier mobility and slowing down the rate of back electron transfer so
that photogenerated charge carriers can escape from the film before recombination
occurs, while maintaining a thick enough film to allow most of the light to be absorbed.
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Figure 1: A schematic diagram of the energy levels in an organic
heterojunction photovoltaic cell and the electronic processes (defined in the text)
that occur in one.

Results and Future Plans

We have made ordered bulk heterojunction PV cells by infiltrating semiconducting
polymers into mesoporous titania.>® Currently, we are trying to make the pores straight
to align the polymer chains and improve their hole mobility. We are also trying to
improve exciton diffusion and electron transfer. These are important steps towards our
long-term goal of enabling the reel-to-reel manufacturing of bulk heterojunction PV cells.
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