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Organic solar cells have been intensively studied due to 
many advantages like flexible, printable, light, low-cost, 
fashionable, etc. We have been focused on the research on the 
ppm-Level doping effects in organic semiconductor (OSC) 
films and organic single crystals for organic solar cells. We 
believe that the following features are indispensable. (i) A 
ppm-doping strategy should be performed on sub-ppm purified 
OSCs together with the total removal of oxygen from the air, 
which acts as an external dopant. (ii) Perfect pn-control, 
namely, any single or blended OSCs should exhibit either n or 
p-type behavior only by impurity doping. (iii) To pre cisely 
clarify the nature of the doping effects, ppm doping in the bulk 
of OSC single crystals with few grain boundaries should be 
performed.

So far, we have reported complete pn-control, doping 
sensitization, ppm-level doping effects using an extremely 
low-speed deposition technique reaching 10−9 nm s−1 (Figure 
1), in organic single crystals measured by the Hall effect, 
which shows a doping efficiency of 24%, and enhancement of 

open-circuit voltage of organic solar cells by doping. These 
results can be regarded as a foundation for the construction of 
high efficient organic solar cells.

Figure 1.  Ultra-slow co-deposition technique to produce the doped 

rubrene single crystal for Hall effect measurements.
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1.  Lateral Multilayered Junction for 
Organic Solar Cells1)

Bulkheterojunctions (blended junctions) are indispensable 
for organic solar cells. However, the fabrication of electron 
and hole transport routes in blended junction remains quite 
challenging. We proposed a novel concept of the structure of 
organic solar cell, namely, a lateral alternating multilayered 
junction (Figure 2). An essential point is that the photo-
generated holes and electrons are laterally transported and 
extracted to the respective electrodes. 

Minimum units of proposed junction are hole highway and 
electron highway. At first, we demonstrated that lateral extrac-
tion of photogenerated holes and electrons of the order of 1 
mm in the hole and electron highways using ultra-high mobil-
ity organic films. Observed macroscopic value of milli-meter 
order is surprising long compared to the conventional value 
below 1 μm. Next, we demonstrated the successful operation 
of organic solar cell having a lateral alternating multilayered 
junction by combining the hole highway and electron high-
way. A total of 93% of the photogenerated electrons and holes 
are laterally collected over a surprising long distance (0.14 
mm). The exciton-collection efficiency reaches 75% in a 
lateral alternating multilayered junction with a layer thickness 
of 10 nm. Therefore, the lateral junction is proved to have an 
ability to collect both excitons and carriers almost completely.

A lateral alternating multilayered junction can be regarded 
to be an alternative blended junction for organic solar cells. 
Advantage of a lateral cell is its unlimited thickness in the 
vertical direction. Therefore, tandem solar cells that can utilize 
the full solar spectrum can be freely designed. The present 
new concept paves the way to exceed the conversion effi-
ciency of organic solar cells above 20%.

Figure 2.  Lateral alternating multilayered junction. Present junction 

has layer thickness of 10 nm and lateral distance of 0.14 mm, i.e., 

aspect ratio reaches 1.4 × 104.

2.  Organic pn-Homojunction Solar Cell2)

Formation of pn-homojunction in a single semiconductor 
material through doping is key for photocurrent generation in 
inorganic solar cells. In contrast, a donor/acceptor hetero-
junction is generally utilized in organic solar cells to split 
coulombically bound exciton forming in organic semi-
conductors. We reported an organic pn-homojunction solar 
cell showing high internal quantum efficiency of about 30%. 
pn-homojunction was created by co-deposition of p or n type 
dopants and an organic semiconductor. An increase of the 
photocurrent density by more than 8 times, from the undoped 
device to pn-homojunction device with 5% doping, was 
observed. The increase of photocurrent due to charge separa-
tion assisted by the built-in potential near the pn-homojunction 
interface that was controlled by doping concentration (Figure 
3). The result demonstrated that the pn-homojunction interface 
in a single organic semiconductor layer formed by doping can 
achieve efficient charge separation and provide a suitable 
alternative to the donor/acceptor interface that has been con-
sidered necessary for photoconversion in organic solar cells.

Figure 3.  Schematic diagram of the working mechanism of organic 

pn-homojunction solar cells.
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