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Theoretical study on the physics of exciton dynamics in solar cells (Dept. of Mathematics,
Physics and Computer Science, Japan Women's University) O Azusa Muraoka'

Organic thin-film solar cells, which are attracting attention as a renewable resource, have
been reported to be effective in increasing short-circuit current due to the high absorption
efficiency of visible light in the donor/acceptor layer. However, for further improvement of
efficiency, it is important to clarify the dynamic process of excitons generated at the D/A
interface and the photoelectric conversion mechanism, i.e., the dissociation of excitons and the
diffusion process of generated carriers. We are focusing on the dissociation of excitons at the
D/A interface and the promotion of free electron carriers to the electrode to elucidate the
dynamic processes of excitons at the D/A interface in organic thin film solar cells.

Of particular interest is the proposal of two hypothesized processes by which photo-induced
excitons generate free carriers. One is the cool process, in which excitons generated on the
donor side relax to the charge transfer (CT) state and thermally unbind from the CT state to the
charge separation (CS) state, and the other is the Aot process, in which excitons at the D/A
interface do not relax in the CT state but directly generate free charge. We have reported that
the Frenkel exciton generated on the D side becomes a Wannier exciton at the interface and
that the exciton size, i.e., electron-hole distance, correlates with the photoelectric conversion
efficiency. The Wannier exciton in the initial stage of formation is considered to be a weakly
bound electron-hole polaron pair, and the process of their dissociation into a free electron
polaron and a hole polaron without relaxing to the charge-transfer state may correspond to a
The process of their dissociation into free electron polarons and hole polarons, which diffuse
without relaxing into the charge-transfer state, may correspond to the hot process. Therefore,
we consider that the choice between the cool process and the hot process is due to the non-
adiabatic process caused by the vibrational interaction in the initial Wannier excitonic state.

In this talk, we will present a theoretical study of the process of photo-induced exciton
generation of free carriers based on density functional theory calculations.
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