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In recent years, morphology control has emerged as an important research
topic in many fields such as chemistry, biology, and medicine for the
development of highly efficient materials and functional structures of
devices based on organic and inorganic materials and their hybrids. Once
developed, these techniques will pave the way for a wide range of
possibilities such as the creation of highly efficient novel functional
structures in many research fields. Here, I describe the methods for
morphology control of nano-phase separation structures in the photoactive
layer of organic thin-film solar cells and organic-inorganic hybrid thin-film
solar cells from the viewpoint of chemical engineering and
electrochemical fields [1-3].

In typical organic thin-film solar cells and organic-inorganic hybrid thin-
film solar cells, the photoactive layer is composed of bulk heterostructures
of a p-type semiconducting material as the electron donor and an n-type
semiconducting material as the electron acceptor [4]. The photoactive
layer is formed by dissolving the p-type and n-type semiconducting
materials into an ink. The photoactive layer is capable of light absorption,
exciton generation and diffusion, charge separation, and transportation.
Therefore, phase separation of a bulk heterostructure is important,
especially in terms of morphology control and the control methods [1-3,5].
The typical thickness of a multi-functional photoactive layer is of the order
of a few hundred nanometers. Therefore, the bulk heterostructure formed
inside the photoactive layer largely governs the characteristics of the layer.
The photoelectrical energy conversion process can be explained as follows
[6]. First, an organic polymer as the electron donor absorbs light,
generating excitons. The generated excitons diffuse to the phase-separation
interface between the electron donor and electron acceptor. An exciton
splits into an electron and a hole as charge carriers via the charge
separation process at the phase-separation interface. Individual electrons
and holes then move into the n-type semiconductor phase and p-type
semiconductor phase, until they reach the electrodes. Thus, the thin-film
solar cell generates photoelectric current. The diffusion length of the
exciton is approximately 10 nm; therefore, the domain size of the p-type
semiconductor needs to be less than the diffusion length [7]. Moreover, in
order to generate many holes and electrons as charge carriers by the charge
separation process, many charge separation interfaces (p/n junctions) are
required. Furthermore, each phase must be continuous in order to transport
charge carriers across both the electrodes. Therefore, morphology control
is important for smooth charge transport. Ideally, the morphology of the
photoactive layer should be continuous and moderately fine. Many studies
have reported on the morphology control of bulk heterostructures.

The most typical method involves changing the solvent that is used to
dissolve the n-type and p-type semiconducting materials. The solvent for
modifying the phase separation structure can be selected by considering
the solubility of the n-type and p-type semiconductors or the deposition
forces. Single solvents or solvent blends are then selected. For example,
the morphologies of photoactive layers fabricated from several solvent

blends with chlorobenzene were investigated by scanning electron
microscopy; the resulting images are shown in Figure 1. For the solvent
blend of chlorobenzene and n-propyl alcohol, the morphology was
drastically different from those obtained with other mixture solutions.
Morphology control has also been achieved by adding a small amount of
additives. Some effects of various additive agents have been reported in
some articles [8,9]. In some studies, heat-annealing treatment was applied
to photoactive layers based on polythiophene derivatives as the electron
donor [10,11]. This method accelerates the self-organization of the
polymer structure to primarily improve its carrier transportation ability.
Conversely, when a metal alkoxide that can dissolve into restrictive
solvents is used as the electron acceptor, the molecular bulkiness of the
metal alkoxide is utilized for morphology control [12,13]. Utilization of
the difference in molecular weight of the polymer for phase separation
control has been reported by many studies for polymer-polymer thin-film
solar cells that employ polymers as the electron donor and acceptor
(Figure 1) [14].

Figure 1: SEM images of photoactive layers.

Currently, the energy conversion efficiency of printed organic thin-film
solar cells has exceeded 10% [15]. Hence, it is expected that efforts will be
invested to further develop them for commercial use. I described the
complex role that morphology plays in functional layers of the order of
hundreds of nanometers. Studies on morphology control and its methods
need to be carried out for the development of more functional materials
and devices that employ not only the two-ingredient system, but also
three- or more-ingredient system. Finally, I expect that techniques of
morphology control will immensely benefit novel developments in
nanotechnology in various fields such as chemistry, biology, and medicine.
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