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The Beam Application Team has been promoting re-
search on surface modifications and surface manipula-
tions, and advanced research and support for users on sur-
face characterization of various materials using ion, elec-
tron and/or photon beams. Our main research targets are
macroscopic modifications and microscopic manipulations
of the surface-electronic structures of carbon related ma-
terials (elemental carbon, polymers, biomaterials ...), in-
tending the development of new functional materials and
structures. The team is also engaged in maintaining and
managing the institute instruments such as RBS, TEM,
XPS, FE-SEM, AFM, laser microscope, EPMA, Raman
Spectroscope, ICP-MS etc.

1. Development of methods and technologies for
surface characterization

(1) Research on development of surface characteriza-
tion techniques

To investigate the interaction between substrate and
thin insulated materials, in analyzing the thin insulated
materials on several substrates using monochromate X-ray
source by X-ray photoelectron spectroscopy (XPS) analy-
sis, the relations between sample and substrate character
were examined. It was found that a too thin layer sample
interacted with the substrate and made the peak energy
to shift to the minus when there was a strong interaction
between sample and substrate.

Secondary ion mass spectroscopy (SIMS) is a well es-
tablished and useful technique for depth profiling analysis
of metals and semiconductors. We have discussed SIMS
analysis of polymer materials which are easily charged up.
The electron probe X-ray micro analyzer (EPMA) was
used to analyze the element contents of magnetic mate-
rial and organic conducting material, element distribution
of thin film, and so on. The EPMA with particle analysis
software can automatically measure the size and composi-
tions of particles such as aeolian dust.

(2) Analysis of Earth-science-materials and environ-
mental materials

This year we participated in the project “Aeolian Dust
Experiment on Climate Impact” via Special Coordination
Funds of MEXT. In order to obtain better understand-
ing of the physical and chemical characteristics of soil-
derived mineral aerosols, aerosol samples were collected
at four observation stations in arid and semi-arid regions
of NW China. Sr-isotope analyses of aeolian dust, as well
as chemical and mineralogical studies, were carried out by
using TIMS, ICP-MS, ICP-AES, Raman Spectroscopy and
EPMA etc.

2. Fundamentals of the formation of advanced

materials employing beam irradiation
(1) Fabrication and surface modification of carbon re-
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lated materials by plasma and/or ion processing

A new carbon material with a unique surface has been
created from polytetrafluoroethylene (PTFE) using a com-
bination of ion irradiation and chemical defluorination.
Amorphous carbon needles were generated perpendicu-
lar to the target PTFE specimen. Diamond-like carbon
(DLC) films were produced by the plasma based ion im-
plantation and deposition (PBIID) method. The cell at-
tachment behavior was controlled by nitrogen doping and
introduction of functional groups. TEM observation and
structural analysis has been performed with in a joint re-
search, as follows (i) Carbon products fabricated by at-
mospheric micro-plasma, (ii) Carbonized surface of ion-
irradiated polymers, (iii) Cross-section of nanoindented
HOPG.

(2) Nanoscale modification of carbon by a highly
charged ion beam impact

We have discussed the nanoscale modification of
graphite surfaces induced by slow, highly charged ion ir-
radiation. From Raman measurements, it was found that
vacancy clusters were generated by the single impact of
Ar®*. The planer sps structure was estimated as the most
probable structure of the Ar®T impact region.

(3) Research on the electronic structures of electron
beam irradiation Cgo by in-situ XPS

The electronic structure of an electron-beam (EB) ir-
radiated Cgp film, which exhibited metallic electrontrans-
port properties, has been investigated by using in-situ
x-ray (XPS) and ultraviolet (UPS) photoelectron spec-
troscopy and compared with that of pristine Cgo and
graphite (HOPG). The valence spectra of the Cgo film
showed an electronic structure similar to that of HOPG
as EB-irradiation time increases and the density of states
exist at the Fermi level to some extent after 20-h EBirra-
diation. This result indicates that the electronic structure
of a Cgo film changed from a semiconductor to a metal by
the EB irradiation. Interestingly, after the irradiated film
was exposed to air (atmospheric conditions) for 5 days, the
electronic structure remained metallic, which is the origin
of the metallic electron-transport property previously re-
ported.

3. Applications of beam-assisted processes to
medical devices and biomaterials

(1) Ton beam modification of materials for the applica-
tion of medical devices

Ton implantation has been used for the surface modi-
fication of materials in order to improve blood compati-
bility, tissue compatibility and the treatment of cerebral
aneurysms. Seven subjects described below were studied
using cell and platelet control by ion beam technology.
(i) The formation of a super-thin film and self-assembly
cellular Chips and DNA microchips by ion beam irradi-
ation; (ii) Improvement of blood compatibility of coro-
nary stent grafts with helium ion beam irradiation; (iii)
Ton implantation into ePTFE for the application of a du-
ral substitute; (iv) Ion implantation into collagen for the
substrates of small diameter artificial graft and stent; (v)
Ton implantation into ePTFE for the treatment of cere-
bral aneurysms; (vi) Gas transport properties and cell at-
tachment of novel ion-irradiated asymmetric 6FDA- 6FAP
membranes. Surface modification of medical indwelling
catheters using plasma-based ion implantation.

(2) Membrane permeabilization by photodynamic
treatment using pulsed laser irradiation

Photosensitized HeLa cells receiving high-intensity
pulsed laser irradiation exhibited pores on the membrane
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surface. We attempted to deliver FITC-labeled dextran
(71.6kDa) into the cell cytoplasm. The ratio of FITC pos-
itive cells in photodynamic-treated HelLa cells was signif-
icantly higher than that of non-treated HeLa cells, with
no loss in cell viability. It will be necessary to define the
Photodynamic therapy (PDT) parameters necessary for a
more effective temporary permeabilization without a loss
of cell viability.
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