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Nano-optoelectronics devices and systems are those exerting novel functions based on the 

coupled configulations of electronic transport in the form of exciton confined within 

semiconductor nanostructures of arbitrary shape and optical near-field interactions between 

resonant excitonic states belonging to several isolated electronic confinment structures.  Due 

to partly coherent and partly dissipative features of the coupled electronic and optical systems 

under an influence of local environmental systems and the hierarchical property of optical 

near-field interactions [1], the nano-optoelectronics devices and systems have potential to 

exhibit complexity far beyond the conventional system architectures for signal transfer and 

informtion processing. The author’s group has demonstrated the functionality of several basic 

configurations of nano-optoelectronics devices based on modulated multi-layered quantm 

well structure of diluted magnetic semiconductor (ZnMnCdSe), corresponding to shaped 

quantum confinment structures of excitons, using the optical near-field imaging technique of 

local photon emission with extremely high spatial position reproducibility under external 

magnetic field up to 9 T based on a low temperature STM-assisted near-field optical 

microscopy. In such basic configurations employed, the applied magnetic field locally 

modulates the shape of each electronic confinment potential for excitons as well as the 

Zeeman-shifted resonance between excitonic states in isolated electronic sysmets. This 

realized magnetic-field control of the coupled electronic transport and optical near-field 

interaction dynamics and resulting photon emission via complicated coupled processes. 

Study of optical near-field interactions between nanometer-sized isolated electronic systems 

reveals number of basic problems remain unsolved related to electrodynamics and quantum 

mechanics. One of the most important issues is the optical excitation transfer via optical 

near-field interactions. Due to the nature of strong light-matter coupling, the optical properties 

of matter and the nature of electromagnetic fields are strongly modified from the mean-field 

properties by the environmental structures and the excitation/dissipation processes. 



Accordingly, the physical quantities conserved during the near-field interaction turn out to be 

dependent on the environmental conditions. In order to treat the problems of optical near-field 

excitation transfer, we should employ theory of electromagnetic interaction based on the 

half-space problems where evanescent electromagnetic waves play the dominant role [2]. 

Several problems related to elementary processes have been solved on the bases of 

angular-spectrum representation of scattered fields and second quantization of 

electromagnetic fields involving evanescent waves employing the triplet-mode descriptions 

related to the optical sources and detectors [3]. For further developments towards theoretical 

description of nano-to-macro coupling and evaluation of optical functions of sub-wavelength 

space, we should include the hierarchical properties of optical near-field interactions, the 

partly coherent and partly dissipative processes of near-field interactions reflecting the local 

environment, the natures of non-equilibrium open system related to the source-to-detector 

problem, and so on.  

In this study, we consider the physical meaning of function in nanometer space and discuss 

on the fundamental processes of optical interactions of nanometer scale from these 

viewpoints. 
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