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“Modification” and “Characterization” of solid surfaces are important to control various functions of materials. The beam
application team has been promoting researches on modification and characterization of solid surfaces by using ion,
electron, photon, and plasma techniques. Current research topics are “Development of methods and technologies for
characterization”, “Fundamental studies on development of advanced materials by beam/plasma technologies”, and
“Application of beam/plasma technologies to bio/medical and new functional materials”, and our main targets are
“macroscopic collective modification” and “microscopic manipulation” of surface structures and properties mainly for
carbon related materials. The beam application team has also managed the institute instruments such as RBS, TEM,
imaging XPS, FE-AES, AFM, laser confocal microscopy, EPMA, and Raman spectroscopy.

1. Development of methods and technologies for characterization, and fundamental researches of new analytical method

(1) X-ray photoelectron spectroscopy (XPS) analysis become necessary in extremely front field, especially for Life Science
area. According to this phenomenon, many kinds of specimens form, such as powder, insulator, thin film, micro size
specimen, ceramic tube become necessary for analysis.. XPS analyses for insulator need high-level technique to avoid the
charge-up effects. The analysis method for insulator using monochromate X-ray has investigated. Analysis for oxidation
films for Alminum materials according to the different surface modification methods were also investigated using
monochromate X-ray.

The electron probe X-ray micro analyzer (EPMA) is used to analyze the element contents of magnetic material and
organic conducting material, element distribution of thin film, and so on. When using the wavelength dispersive X-ray
spectrometer (WDS), the particles of a few t m are usually embedded in the resin and polished, or pressed and pelletized
with the intention of decreasing the measuring error by the shapes. The WDS can exactly analyze crystalline particles of
pyrochlore oxide (A2xB207) without the advance process as a result of optimum spectrum crystal and statistical technique,
and we can obtain the X-value. Moreover, we observe the microscale structure of the ferrite complex materials, as the
tunneling magneto resistance materials, by EPMA.

The secondary ion mass spectroscopy (SIMS) is a well-established and useful technique for depth profiling analysis of
metals and semiconductors with high sensitivity. In SIMS analysis of insulating soft materials such as polymer or
biomaterial, charging up would be a serious problem, which disturbs the collection of secondary ions. In order to resolve
the problem, we have attempted a new approach for preventing charging up of thick soft materials by coating with
nonmetallic conductors. The depth profile of the hair sample coated wholly with a conducting polymer was successfully
measured in longer time without any charging up even in the maximum current of the primary ion beam..

(2) Structure analysis of self-assembled ErSi2 nanowires
ErSi2 nanowires were synthesized by self-assembling on silicon substrates using ErCls solution. The structures and growth
direction were invsetigated by high-resolution cross-sectional TEM and EDX. The conductivity of the wires was observed by
forming micro-electrodes attached on both ends of a wire using FIB-CVD.

(3) Development of a next-generation electron source
GaAs semiconductor photocathodes with negative electron affinity surface (NEA-GaAs photocathodes) have been used as
polarized electron source in high-energy physics. The only candidate for the polarized electron source of the future linear
collider (ILC Project) is the combination of a DC-gun and a GaAs semiconductor photocathode with negative electron



affinity (NEA) surface. On the other hands, NEA-GaAs photocathodes is considered as the most promising electron source
with high-brightness performance for a next-generation X-ray light source based on a linac. We consider NEA-GaAs
photocathodes to be suitable electron source for a next-generation electron microscopy, because an electron gun producing
an e-beam with high-brightness is a key component to realize a next-generation electron microscopy. We are developing
new type of semiconductor photocathode for a future electron microscopy and a photocathode DC gun for photocathode
surface lifetime estimation under large current operation.

(4) Consideration on the origin of micro-fiber materials and development of their in-situ observation techniques

Development on in-situ observation techniques of micro-fiber materials existing in human living environments have been
started. Structural and compositional analyses of micro-fibers has been also studied by electron microscopic techniques in
comparison with conventional analytical methods. It is expected that results from these researches will be used in
real-time monitoring of various micro-fiber materials such as asbestos.

2. Fundamental studies on development of advanced materials by beam/plasma technologies
(1) Fabrication of nanomaterials by beam/plasma technologies
Nanocarbon creation has been being studied by atomic layer deposition technique employing atmospheric plasma. DC
voltage was supplied between an outer cap electrode and an inner electrode which were made by graphite, and novel
convex-shaped carbon disks deposit on (001)Si in nano/micro scale. It was also found that very thin carbon films were
grown in He plasma generated by the pulsed DC voltage and graphite electrode system with hexane feeding as a precursor.
(2) Cell attachment on super-hydrophobic surfaces

Nano-sized protrusions are formed on polytetra-fluoroethyrene (PTFE) surface by ion-beam irradiation. Although the
surfaces were super-hydrophobic, cells attached at the tops of protrusions with formation of pseudopodia. The cells can be
cultured at the surface one by one by using patterning irradiation controlling the attaching area.

3. Application of beam/plasma technologies to novel functional materials

(1) Ion beam modification of materials for the application of medical devices
Polymeric materials have contributed significantly to the development and improvement of medical devices and systems.
Various interactions take place between biomaterials and a body when polymeric biomaterials come into contact with a
living organism. Ion implantation is a physicochemical surface modification process that results from the impingement of a
high-energy ion beam. The chemical characteristics of expanded polytetrafluoroethylene (ePTFE), chitosan, collagen, and
poly-L-lactic acid (PLLA) surfaces are changed when ion implantation is performed. Therefore, alteration and
manipulation of the thrombogenicity and control of the cell-attachment properties of a material surface are potentially
possible and could be advantageous. Newly designed polymers using ion-beam modification methods have been studied to
improve blood and tissue compatibility for the fabrication of cellular sheet, artificial dura matter, wrapping material for
therapy of aneurysms, artificial lung, artificial vascular grafts, cellular sheet, cellular chip and coronary stent.

(2) Surface modification of medical polymers
Silicone catheter tubes were irradiated with noble gas ions by PBII method to improve the cell attachment ratio. It
increased to 95% by combination use of sandblasting to increase the surface area. The modification effects at the surface
was enhanced by decrease of ion incidence angle due to the microasperity formed by sandblasting.
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