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Information Technology Group 

 

Shuichiro Inoue, Katsuji Nakagawa, Akiyoshi Itho, Arata Tsukamoto, Takeshi Kuwamoto 

 and Hideomi Hasiba 

 

! Ultimate communication security and information storage! ! ! Our information group is trying 

to develop two ultimate technologies. One is the ultimate secure communication and another is the 

ultimate information storage. 

 Quantum information group has developed high-efficiency entangled photon-pair sources at 1550 nm, 

photon number resolving detectors with high quantum efficiency and high energy resolution at 1550 

nm, 400 nm-wide Si waveguides, photonic crystals of Ti thin layer with square air gaps on a silicone 

on an insulator substrate, polarization-entangled photon pair sources resonant with a transition in 

rubidium atom, and surface plasmon-polariton waveguides and couplers. We will combine these 

technologies to realize quantum repeaters. 

 On the other hand, a high-speed recording and huge capacity for storage are extremely precious to 

our society. The phenomenon of a photo-induced magnetization applying a femto-second laser, which 

was revealed by our members, suggested a possibility to dramatically improve the high-speed 

recording of information technology. Besides, utilizing nano-technology fabrication for a near-field 

antenna and recording materials, huge capacity will be achieved. Gdx(Fe87.5Co12.5)100-x as a rare-earth 

transition metal alloy film was studied. Optical Parametric Amplifier (OPA), which is supported by the 

project, was installed to probe the phenomena from 0.5 to 5 eV in energy. Substrates with nano-

structured surface were fabricated to improve a high density recording prospects in active 

collaboration with Supermolecules and Self-Assembly Group. We also analyzed the thermal inter-

diffusion of patterned recording media with thermally assisted. The particle structure of the recording 

media is effective to enhance memory density for the thermally assisted recording. We began to study 

analyzing the field which was close to electrode when a circular polarized light was exposed for the 

purpose to effectively utilize the optical induced magnetization as high-speed recording in a local 

region. 
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   Information Storage    A high-speed recording and 

huge capacity for storage are extremely precious to our 

society. The phenomenon of an photo-induced magnetization 

applying a femto-second laser, which was revealed by our 

members[1], suggested a possibility to dramatically improve 

the high-speed recording of information technology. Besides, 

utilizing nano-technology fabrication for a near-field antenna 

and recording materials, huge capacity will be achieved. 

1) Ultra Fast Information Recording   To carry out a 

search for highly susceptible materials to the photo-induced 

magnetization, all-optical pump-probe system employing an 

amplified Ti:Sapphire laser was built. It was conformed that 

the ultra-fast dynamic behavior was measurable and can 

extract the damping property by the system, as shown in Fig. 

1. Gdx(Fe87.5Co12.5)100-x as a rare-earth transition metal alloy 

film was fabricated. Optical Parametoric Amplifier (OPA), 

which is supported by the project, was installed to probe the 

phenomena from 0.5 to 5 eV in energy. Collaborated work 

with Radboud univ. was awarded in international conference MORIS2009. 

2) Ultra High Density Recording Media    Substrates with nano-structured surface were 

fabricated to improve a high density recording prospects in active collaboration with 

Supramolecules and Self-Assembly Group. A nano-structured substrate was fabricated by 

self-assemble phenomena of silica nano-particles, on which FePt particles fabricated. The 

results were presented as an invited talk in international conference MORIS2009. The magnetic 

characteristics of fabricated magnetic materials on the nano-structured substrate will be 

analyzed by the high sensitive magnetic force microscope which is supported by the project.  

3) Thermally Assisted Recording    We analyzed the thermal inter-diffusion of patterned 

recording media with thermally assisted recording as shown in Fig. 2, which was presented in 

an international conference and would be published. The particle structure of the recording 

media is effective to enhance memory density for the thermally assisted recording. The 

preparation for surface plasmon antenna is in progress for the recording a tiny magnetic domain 

on magnetic materials. We also begun to study analyzing the filed which was close to electrode 

when a circular polarized light was exposed for the purpose to effectively utilize the optical 

induced magnetization as high-speed recording in a local region. 

Reference 

[1] C. D. Stanciu, F. Hansteen, A. V. Kimel, A. Kirilyuk, A. Tsukamoto, A. Itoh, and Th. Rasing: 

Phys. Rev. Lett., 99, 047601 (2007). 
 

 

 
Fig. 1 Compositional depend- 

ence of damping parameter 

and precession frequency f. 

 

 

 

 

 

 

 

 

Fig. 2 An example of thermally 

analysis heated by a near field 

optical light. 

 

#1 

#2 

#3 



!"#$ N.%&'()*+,  -. 21/012  1/1 

!"#$%&!

34567#897:;<=7>"?@7ABCD!

!

!!EFGHIJKLMNOPQRS7TUVUMWXPYZS[\]M^_`abcdU7

WXMefghi7jklMmn%&Po_pRZqrMstuvUwx!

!!yMGz{Po_yX|uPQRS}7pRZ~�ÄPoÅSÇÉPÑÅw7ÖÜáÜà

âL'RwäãåáÜçéPoÅS7yMGz{Po_yX|uè10 µL h–1 cm–1êbëíd

Uwèìîïñóìîòôöõk7úùêxGg.ûüPo_yX|uPYZS7†y]à

°¢RwyX£§g•P|uRwyXà£¶ßi_®l©7yX|u™à 40%´¨ßi_®

lb©≠wx'()*+,Po_mn%&M.Æ©^_x!

!!Ø∞±≤≥∞PQRS7¥µg.Äà∂O∑_®lPo∏7®Uv©πÇÉ∫Åwìîõ

ªLJ©MºgbΩæÇÉPÑ∏7ø\ïño∏¿]b¡Uw¬√0öÜáLƒI+áL≥

∞7¬≈ñ'(,Ü∆±«7¬±»…∆] »À≥∞àÃ|RwxÕŒœ7 »À≥∞M

LaFe1–xNixO3PQRS}7–íS Ni —™M“Z≈”Ñ≥∞àg.∑_®lb©≠7®M≥∞

©‘t¬Z±»…∆’à÷Rwx!

!!◊ÿ,Ÿ⁄+¤‹Po_›X´fiEF±≤Mfl’‡·M‚„à{‰∑_wíPÂÊRw7

◊J◊ÿ,Ÿ⁄+ôÜâKÁ⁄'„Ë«MÈ~Íà7±DÎLÏÌÓÔÖ◊Lèìîï

ñóìîòôöõk7ÒÚêPoÅS~�Rwx!

!

Energy Technology Group 

Yasuo Asada, Joe Otsuki, Nobuyuki Nishimiya, Takuya Hashimoto, and Sachiko Matsushita 

 

  For the use of solar light energy, an encouraging progress is being made on each aspect. In addition, 

new development is being made with combinations of respective aspects and collaboration with other 

groups. 

  Hydrogen evolution was observed at a high rate of 10 µL h–1 cm–1 with a highly lanthanum-doped 

titanium dioxide film, which was made possible by a new fabrication procedure (Suzuki, 

Nanomaterials and Nanodevices Group). For hydrogen evolution by photosynthetic bacteria, the 

amount of evolved hydrogen increased by 40% by using a water-proof hydrogen storage material. This 

is a nice example of collaboration through the project. 

  For materials for fuel cells, newly employed solution-phase synthesis has made it possible to mix 

ingredients at the nanoscale, which in turn produced better quality materials than conventional ones, 

which includes high-strength interconnector materials, highly homogeneous proton conducting 

materials, and highly conductive air electrode materials. For the air electrode material, the highest 

conductivity for LaFe1–xNixO3 was recorded owing to the homogeneous mixing at nanoscale.!

  A prototype of a nanostructure designed to have a full photonic band gap was prepared with 

electron beam lithography (Hashiba, Nanomaterials and Nanodevices Group) in the aim of revealing 

the mechanism behind high efficiencies of dye-sensitized solar cells with photonic crystal structures. 
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Medical Technology Group 

Motoichiro Takahashi, Satoru Takahashi, Shigemichi Kosinaga, Yoshiaki Matsumoto, Noboru  

Fukuda, Koichiro Kano and Hiroki Nagase 

Molecular Therapy against Cancer 

1. Development of Molecules for Cancer Diagnosis and Therapy 

   Our understanding of functional genetic research associated with cancer therapy used to be 

based almost entirely on the analysis of random combinations of either multiple- or single-targeted 

post-transcriptional products. Recent advances in developing a therapeutic strategy against cancer, 

however, have allowed us to target a specific gene or multiple genes using an antibody and RNAi 

strategy. It may also be possible to establish another designable multi-targeted approach in a tumor-

specific manner by means of pre-transcriptional targets, such as the double-stranded genomic DNA 

using nucleic acid binding chemicals. The object of this research is, therefore, to develop and evaluate 

a novel target DNA recognition approach using Pyrrole-Imidazole (PI) polyamide molecules or its 

conjugates for safe administration, diagnosis and therapy in cancer patients. 

 

2. DNA Binding Molecules for Amplified Oncogene Detection and Silencing 

   The automatic PI polyamide synthesis system has been established and is providing PI 

polyamides identifying and down-regulating the target amplified oncogenes for cancer diagnosis and 

therapy, respectively.  For instance, we developed PI poliamide recognizing MYCN gene promoter, 

where MYCN expression enhancer binding sites are located and frequently amplified in unfavorable 

neurobalstomas. The molecules successfully downregulate MYCN expression and induce growth 

inhibition in neuroblastoma cells. Molecules may also visualize MYCN amplified neuroblastoma cells 

using the PI polyamide conjugated with a fluorescent dye. 

 

3. Development of a Novel Radiation Dynamic Therapy against Cancer Cells in Internal Organs 

   Photodynamic therapy is a non-invasive therapy injecting a photosensitive drug to the patient, 

which sensitizes cells to the effects of light and tends to stay specifically in cancer cells. A beam of 

laser light is then focused on the tumor which kills the cancer cells. The therapeutic approach limits to 

cancers located on skin or surface of a limited internal organs. Since PDT drug tends to stay only in 

cancer cells, PDT drug can be used for cancer cell imaging. A PDT chemical, which is under clinical 

phase II trials as a cancer cell imaging agent, has been tested for radiation induced non-invasive cancer 

PDT therapy in internal or metastatic cancer cells. A mono-wave length coherent X-ray has induced 

cell growth inhibition in PDT drug treated cancer cells. This is a promising approach for patients with 

a metastatic progressive cancer. 

 

4. Peptide Nucleic Acid Molecules for Over-expressed Genes for Disease Diagnosis and Therapy 

  Peptide Nucleic Acid (PNA) molecule is a nucleic acid analog in which the sugar phosphate 

backbone of natural nucleic acid has been replaced by a synthetic peptide backbone. PNA molecules 

have been considered as promising anti-gene and antisense agents for gene silencing and as stable 

drug delivery molecules for molecular therapy. We will try using this molecule for detection of disease 

specific mRNA expression and developing a new strategy for differential diagnosis of disease. We 

focused on primary aldosteronism, which is a curable cause of hypertention and a condition usually 

caused by adrenal tumors or hyperplasia. We try determining adrenal tumor cells which should express 

a disease specific CYP11B2 mRNA by using PNA molecules.  

 

Publications: Nature 458:505-8 2009.  Genomics 93:130-9 2009.  J Hum Genet 54:450-6 2009. Tetrahedron Letters. 

50:7288-7292 2009. Biopharm & Drug Dispos 30:81-9 2009. J Chromatogr B 877:1070-6 2009. Bio. Pharm Bull 32:921-7 

2009. The Journal of Antibiotics. 62:339-41 2009. Molecular Therapy advance online 2009. Cancer Science in press 2009. 
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Fig. SEM image of NDA (Nano 
Dent Array) surface. 
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Supramolecules and Self-Assembly Group 

Hiroki Ikake, Akiyoshi Itoh, Joe Otsuki, Arata Tsukamoto, and Sachiko Matsushita 
 

  The goal of the supramolecules and self-assembly group is to develop advanced technologies on 

nanomaterials and nanostructures and to supply these technologies to the application-oriented groups, 

i.e., the information, energy, and medical groups, thus strongly promoting networking among these 

groups on diverse fields. 
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Nanomaterials and Nonodevices Group 

 

Kaoru Suzuki, Yoshiki Takano, Tomohiko Asai, Nobuyuki Iwata, Hideomi Hashiba, 

Takuya Hashimoto, Shigeru Chaen and Shosuke Mochizuki 

1. Summary 

This group aims at fabrication of nanomaterials and nanodevices for high functional applications such as 

electric circuits, biosensor, superconductors, EUV light source, field effect transistor, quantum dot terahertz 

single photon detector, solid oxide fuel cells, new photo-memory, and  bio-nanomotor by using fundamental 

techniques of  nano-process, fabrication of nano-materials, analysis of nano-level structure and analysis by 

nano-technique.  

2. Achievement  

Prof. K. Suzuki :  Carbon nanotubes (CNTs) and nanofibers (CNFs) have attracted great interest due to their 

novel electrical, optical, and mechanical properties.  These materials are promising candidates for a large 

variety of nanodevices, such as electric circuits, biosensors, and optical components by wide band gap, 

Eg(carbon)>5.6 eV,  semiconductor effect.  In our research, we discovered CNF wiring between one pair of 

needle-shaped carbons (NSCs) border on carbon nanorods (CNRs), and metal included CNTs.  CNF-wired 

NSCs and metal included CNTs are now sometimes grown on a silicon substrate with metal catalyst through 

thermal decomposition in ethanol at temperatures from 973 K to 1273 K by joule-heat with a DC power supply.  

As such, they can easily be used for the doping of impurities such as phosphorus of the Group 15 and sulfur of 

Group 16 by addition in ethanol.  However, one of the problems in the development of practical applications is 

controlling the position of CNFs on the substrate.  In order to irradiate the Ar-ion laser and contain the sulfur in 

ethanol, we realized to encourage and position restrict the position growth of CNFs and NSCs.  Metal 

encapsulated carbon nano-tube has been synthesized at a meshes for transmission electron microscopy or foils of 

metal by thermal decomposition method in ethanol.  We approached synthesis of carbon nano-tube include in 

several types of metal, e.g. iron, nickel, and molybdenum.  When the silicon substrate was heated up about 

1150 – 1300 K, the metal encapsulated carbon nano-tube were synthesized on mesh of molybdenum, foil of iron, 

and foil of nickel. The hydrogen yield on water decomposition with the lanthanum doped titanium dioxide thin 

films on quartz substrate that apply the photo catalytic reaction have been studied for fuel cell.  However, there 

were number of problems to the improvement.  Therefore, we improved highly efficient hydrogen evolution 

under controlled condition of plasma assisted pulsed laser deposition method with non-sintered heavily La doped 

TiO2 target.  It was measured to yield about 10 µl/h7cm2 hydrogen gas form TiO:La(70 at%) film under 

visible light (Xe lamp, AM1.5, 100 mW/cm2) irradiation. 

Prof. Y. Takano:  Since the discovery of high Tc superconductivity in (LaO1-xFx)FeAs in 2008, many 

researches on the iron-based superconductors have been carried out. Before this second superconductivity fever, 

it was reported that (LaO)FeP became superconducting at about 4 K. However, several research groups reported 

different Tc in (LaO)FeP. Thus, the electrical properties of LaOFeP is still controversial. Takano has considered 

that the stoichiometry of the sample is important to determine the electrical properties. Then, he has prepared 

single phase samples of La1-xOFeP using the special heat treatment and measured their structural, electrical and 

magnetic properties. These results indicated that the off-stoichiometry in (LaO)FeP is the origin of the scattering 

of Tc. Takano has succeeded to prepare almost single phase samples of (Sr1-xRxF)FeAs (R=La, Nd). The 

superconducting transition temperature Tc of (Sr0.6La0.4F)FeAs is 26.1 K. The value of the temperature derivative 

of the upper critical magnetic field (dHc2/dT) at Tc is -1.4 T/K and the estimated value of Hc2 at 0 K becomes 26 

T. Takano has firstly succeeded to prepare superconducting (Sr1-xNdxF)FeAs. The superconducting transition 

temperature Tc of (Sr0.6La0.4F)FeAs are about 30 K. The evaluation of its superconducting properties is under 

progress. 

F.T. Lec. T. Asai : 1. Development of high-speed film deposition technique by magnetized coaxial plasma 

gun; MCPG has been applied for new metallic thin film deposition technique using a magnetized coaxial plasma 

gun (MCPG). This method enables application of high-melting-point metals (e.g., Ti, Zr …) which had been a 

limited method of ion beam assisted deposition etc. The optimized design of MCPG for film deposition has been 
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developed and initial experiments have been performed in this fiscal year. Commercialization of the developed 

technique has also been analyzed with Plasmionique Inc., Canada.  2. Repetitive operation and merging of 

Spheromak for VUV light source; An ionized plasmoid generated by MCPG tends to be relaxed into force-free 

equilibrium called “spheromak” in the conductive metallic chamber. Counter injection of spheromaks is 

followed by magnetic reconnection event which heats the plasma itself by dissipation of magnetic energy into 

plasma energy. This new technique for light source has been tested by vacuum UV spectroscopy and possibility 

for VUV light source has been confirmed. (Patent Pending)  3. Electrodeless plasma source using rotating 

magnetic field; Steadily operated plasma source using rotating magnetic field (RMF) technique has been studied 

aiming to the applications of light source and reaction chamber. High efficiency technology by the application of 

magnetic circuit has been developed and patent application has been prepared. (Collaboration with Dr. M. 

Inomoto, University of Tokyo) 

F.T. Lec. N. Iwata is studying : i) The SWNTs were grown by alcohol chemical vapor deposition (ACCVD) 

method on quartz substrate with Co/Mo catalysts.  In order to grow SWNTs with specific chirality, free electron 

laser (FEL) was irradiated during growth.  From the results of Raman spectra, the irradiation of 800nm and 

1400 nm FEL was effective.  Possible chiral indices, that included both of metallic and semiconducting SWNTs 

growth, of approximately 15 without FEL irradiation was reduced to 5, which was semiconducting (14,0), (10,6), 

(9,7), (11,4), (10,5) indices in the case of 800 nm-FEL, and to 3, which was also semiconducting (14,0), (10,6), 

(9,7) indices in the case of 1400 nm-FEL.  Those results revealed that the FEL irradiation was effective method 

to control chirality of SWNTs.  ii) Gold (source and drain electrodes) sputtered SiO2/Si substrate was dipped 

with a speed of 1mm/s from C60 saturated toluene solution.  In advance of the dipping, the surface of the 

substrate and Au electrodes was treated into hydrophilic or hydrophobic.  Needle like C60 crystal grew on 

substrate along the dipping direction, and C60 particle grew on Au electrode with the treatment of hydrophilic 

substrate and hydrophobic Au electrode.  In the case of hydrophobic substrate and hydrophilic Au, needle like 

C60 crystal bridged the gap between Au electrodes.  A combination of surface treatment and simple dipping 

technique achieve the growth of the bridged needle like C60 crystal between Au electrodes.  iii) A 

ferromagnetic domain can be controlled by a spin direction of Cr ion at the interface in ferromagnetic metal / 

Cr2O3 multilayer.  Considering a magnetoelectric effect of Cr2O3, the ferromagnetic domain is controllable by 

a electric field applied to the Cr2O3.  Single crystal Cr2O3 thin film is required for the ferromagnetic domain 

controllability.  From the results of XRD, SPM, RHEED, Cr2O3 thin films epitaxialy grew on r-, a-, c-cut 

sapphire substrate.  iv) LaFeO3(LFO)/CaFeO3(CFO) superlattice was grown by pulsed laser deposition (PLD) 

method.  The superlattice was alternate growth of 7 units of CFO and LFO, and that was repeated for 14 times.  

From the results of RHEED, XRD, reciprocal space mapping (RSM), superlattice was grown with good quality 

and two-dimensional smooth surface.  The RSM around STO(103) showed that in-plane lattice of the 

superlattice was compressed to fit to that of substrate.  The appearance of satellite peaks indicated that the 

superlattice was also formed.  From the results of RSM around STO(113), CFO grew with twin with the 

relationship of CFO[100], CFO[010] // STO[110].  The twin started to grow after 4 layer growth, which was 

confirmed by RHEED and XRD in the CFO monolayer.  The full width at half maximum of 0.07º at (002) 

Bragg reflection of superlattice revealed a good quality growth of the film. 

Assis. H. Hashiba: Directed Single Photon Emission from CdSe Quantum Dots by TiO2 Photonic Crystals 

and Si Waveguides is studying.  We successfully developed concrete fabrication technique of 150 nm wide 

metal wires with e-beam lithography. This enables us to fabricate 400 nm-wide lines for Si waveguides. The fine 

line proves competitiveness of our fabrication technique against many other competitors.  PCs of Ti thin layer 

with square air gaps on a  “silicone on an insulator” (SOI) substrate are successfully fabricated. The PC was 

then oxidized and spun with CdSe Quantum Dots in toluene. Photoluminescence of the sample does not show 

unidirectional band-gap around 630 nm of wavelength of light in plane direction of the PC. 

Prof. T. Hashimoto : For development of new solid oxide fuel cells (SOFC) operated below 600 °C, 

development of new materials is investigated in this study. In order to develop new materials, preparation 

method employing liquid phase mixing, which can be regarded as nano-scale mixing, has been examined. At 

present, promising materials such as La1-x-yCaxSryCrO3 with mechanical high strength, uniform BaCe1-xYxO3-! 

and high electrical conducting LaFe1-xNixO3 have been discovered. 
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Prof. S. Mochizuki : The photoluminescence properties of different pristine CeO2 specimens (bulk crystal, 

film and nanocrystals) have been firstly studied at different temperatures between 7 K and room temperature. 

The photo-induced luminescence spectral change has been observed at room temperature for the first time. The 

phenomenon observed in a vacuum is explained as a photo-induced associative detachment of O2 on the 

specimen surface, while that observed in O2 gas is explained as a photo-induced dissociative adsorption of O2 on 

the specimen surface. The photoreduction is accompanied both by a valence number change of cerium ions 

(Ce4+
!Ce3+) and by oxygen defect formation. Such reversible photo-induced phenomena of CeO2 can be 

applied to light control of the oxygen-storage and oxygen-release processes at metal oxide surfaces. The 

photoluminescence and photo-induced effect have been also investigated for oxygen storage material (x)CeO2(1-

x)ZrO2. The observed photoluminescence properties and ultra-violet-laser-light-induced spectral change are 

explained in terms of both the oxygen defects arising from the deviation from stoichiometry and photo-induced 

oxygen defects.  The photoluminescence properties of pristine NiO and pristine ZrO2 have been clarified in 

detail for bulk, ceramics and nanocrystal specimens.  

Prof. S. Chaen : We have constructed expression vectors for 4 kinds of long-wavelength shifted fluorescent 

proteins.  In vitro single molecule imaging of these proteins fixed on a cover glass has been conducted.  Each 

protein exhibits distinctive characteristics upon fluorescence intensity and photo-breaching resistant properties.   
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from Rectangular Cylinders with Various Wedge Cavities and Bumps,” IEICE Trans. Electron. (in press).; S. 

Ohnuki, T. Mochizuki, and T. Yamasaki, “Error Prediction of the Point Matching Method for EM scattering 

from a Conducting Rectangular Cylinder,” IEEJ Trans., vol. 129, no. 10, 2009. 
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