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Non-equilibrium plasmas have a variety of controllable parameters such as charged 
particle and radical species, photon, particle fluxes, temperatures and energies, and 
gas-liquid-solid interfacial electromagnetic fields. This feature has greatly contributed 
to the development of materials science and technology through various kinds of 
plasma processing methods. Here our attention is focused upon innovative synthesis 
and functionalization of low-dimensional nanocarbons such as fullerenes, carbon 
nanotubes, and graphene based on the versatile control of non-equilibrium plasmas. 
  The first subject is the atomic-nitrogen encapsulated fullerene (N@C60) with a long 
spin relaxation time applicable to a quantum computer, the synthesis purity of which, 
molecular concentration ratio of N@C60 to pristine C60, has been only of the order of 
10-2〜10-3 % so far. This purity is now increased up to 0.83 %, almost two orders of 
magnitude higher than, by the control of electron-beam energy effectively generating 
nitrogen ions, and ion energy and flux appropriate for the N insertion into the C60 in 
an RF-discharge double plasma device with plasma production and process regions. 
  The second is structure-controlled single-walled carbon nanotubes (SWNTs). In the 
process of challenging the chirality control of SWNTs, which is the most urgent topic 
in the field concerned, the extremely narrow-chirality distributed growth of SWNTs is 
realized with nonmagnetic-catalyzed plasma CVD in the presence of an appropriate 
hydrogen flow. Even in the case of magnetic catalyst such a growth is also achieved 
with time programmed plasma CVD. As for functionalization of SWNTs, the 
pn-junction embedded SWNTs created by a unique substrate-bias method in plasmas 
display a high performance of solar cells in the infrared wavelength range. 

The third is structure-controlled functional graphene. For the practical application 
of graphene two serious issues have to be overcome. One is its direct growth on an 
insulating (SiO2) substrate. This is realized by adjusting the growth parameters using 
diffusion plasma CVD. The other is to cause semiconducting properties to 
metallically-behaved graphene in general. Correspondingly, narrow graphene 
nanoribbon devices with a clear transport gap and a high on/off ratio are directly 
fabricated using a new, simple, and scalable method based on advanced plasma CVD. 
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