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Objectives:

Great progress has been made in technologies of electronic device miniaturization and
integration, which supports the sustainable development of information ubiquitous society. For
further development of our advanced information society, we have to solve various issues posed by
this progress: for example, an increase in energy consumed by device manufacturing equipment and
the devices themselves and in the risk of device malfunction with the increasing miniaturization of
electronic devices. Molecular-scale electronics technology, which utilizes single molecules as the key
components, would facilitate our breaking away from the conventional forms of electronic devices to
conduct electricity by exploiting the quantum properties of molecules. Furthermore, new
information processing systems, which can self-repair or even take advantage of malfunctions, are
expected to be created.

As progress is made in molecular design, synthesis technology, measurement techniques
and theories, quantitative discussions on the electrical conductivity of single molecules are also in
progress these days. However, much more still remains to be done to better understand the
electrical properties of single molecules. This project aims to establish an organization serving as a
hub for researchers who proactively engage in the creation of molecular-scale electronics including
leading researchers in fields such as spintronics, photonics and quantronics, and to formulate a
roadmap to future development based on a detailed analysis of the status quo of molectronics

research.
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Achievement:

2010 fiscal year:

In the 1st meeting on June 25-26, we have discussed the current stage of the research on the
junction behavior between molecules and electrodes in molecular-scale electronics, which is one of
the most important and essential subjects to be elucidated. Steady progress has been made in the
research on the metal-molecule interface, which has encouraged us to promote the project.

In the 2rd meeting on Oct. 22-23, we have learned the recent progress in the research field of novel
computers based on quantum physics and stochastic resonance. The results demonstrated have
convinced us that these computers are the ones in which the molecular system is going to be
involved.

In the 3rd meeting on Feb. 25-26, we plan to discuss about the role of molecule in spintronics and
DNA-based electronics.

2011 fiscal year:

In the 1st meeting on July 22-23, we have discussed the current stage of the research on the design
and synthesis of molecular wires as components of molecular-scale electronics, and local potential
mapping methods using atomic force microscopy. The mechanism of charge transport through
molecular wires composed of metal complexes and wrapped-origothiophene molecules was
discussed. The mechanism of potential formation in nm scale was also discussed.

In the 2nd meeting on Oct. 21-22, theoretical studies on carrier transport mechanisms through
single molecular junction were introduced. Current stage and problem of the theoretical analysis
were discussed by comparison with experimental results. We have learned the recent progress in
studies of interaction between photon and nano-scale materials and behavior of spin on solid
surfaces.

In the 3rd meeting on Feb. 17-18, we invited young researchers working in the molecular-scale
electronics. We have discussed the position of Japanese study in the world and strategy in the

future.

As described above, we have surveyed the current stage of the research on the molecular-scale
electronics and the role of molecular-scale electronics in the filed of material physics and molecular
science, and connection with related field of science and technology. On the basis of these
understanding and survey, we confirmed the strategy of the molecular-scale electronics in world

trends and requirement of the society.
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Whole Achievement:
In this project, recent progress and next directions of the molecular-scale electronics have been

introduced by researchers aiming to realize molecular-scale electronics in the filed of measurement,
synthesis and theory. In addition to the survey on the studies of the molecular-scale electronics, new
directions and targets of the molecular-scale electronics were discussed with researchers in the field
of nano-scale photonics, DNA nanotechnology, spintronics, quantum information and information
technology based on stochastic resonance. As a result, we concluded that the molecular-scale
electronics is in the beginning of new era and growing to the new field of “molecular-scale
technology”.

In the current stage of the molecular-scale electronics, researchers are able to discuss the electrical
characteristics of metal/single molecule/metal (single molecular) junctions based on quantitative
experimental results and theoretical calculation including the whole electronic structure of the
junction, which have been the desire for last 40 years in the filed of the molecular-scale electronics.
Collaborations among synthesis, theory, and measurement, which are necessary to proceed the
study, are actively carried out especially in Japan.

The active components for electronics such as diodes, field effect transistors and light emitting
devices have been experimentally demonstrated by single molecular junctions. We have discussed
the characteristics and possible problems in these results. The detailed theoretical interpretation of
the working principle of diode revealed that the diode function is realized by complex change of the
electronic structure of the molecule caused by the coupling with electrodes. It was emphasized that

the function of the molecular junction cannot be predicted only from the structure of the molecule
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and importance of the analysis of the electronic structure of the whole junction.

New direction and application of the molecular-scale electronics were discussed with researchers in
the field of quantum information and stochastic resonance. As a result, interesting directions such
as molecular-scale spintronics were proposed. The potential application of techniques developed by
molecular-scale electronics to single molecular DNA sequence technology was demonstrated.

The result of the project including future load map of the molecular-scale electronics will be
summarized as a novel text book for graduate students interested in the molecular-scale electronics

and molecular-scale technology.
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