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Bio-inspired Materials Synthesis
R. Jusin Joseyphus and Balachandran Jeyadevan
Edited by Yanfeng Gao
ISBN: 978-81-308-0401-9, Research Signpost, India, 341-376 (2010)

(Chapter 14: Polyol process for materials synthesis % 47 {H#H%E)

The synthesis of metals and alloys through chemical methods are demanded for a variety of
engineering and biomedical applications. Polyol process is found to be one of the most promising
technique to synthesize metals and alloys due to theenvironmentally friendly, cost effective and
high purity nature of the system. Also, the control of structure, morphology and composition of
the products can be achieved relatively easily. In this review, the basic understanding of the
polyol process and the synthesis of metals and alloys obtained using the above technique are

addressed.

Thin-Film Solar Cells
Takeo Oku, Atsushi Suzuki, Kenji Kikuchi, Nariaki Kakuta, Ryosuke Motoyoshi, Katsuya
Nomura, Atsushi Kawashima, Yasuhiko Hayashi, Tetsuo Soga (ftfl 9 4)
Nova Science Publishers, Inc. (2010)
(Formation and characterization of Ceo- and perylene-based bulk heterojunction solar cells
(179-192H) %/ HHAE)

PNV T ST G K AR L, BBV R OGS & 2 B R e BRI LV Al L 72, n
BpEAR L U CPCBM, Ceo MU L, piligifk L LU CP3HT, MEH-PPV, Cuv7 ¥ a7 =,
In7Znuy 7=y, Xraty, CulnSe, ¥4 YEY Reflni. £z, HFiuEstEicky = xn
F— L UL R OERMBEN OV TELR LT,

Microscopy: Science, Technology, Applications and Education
T. Oku (ff 881 #41)
Formatex (2010)
(Atomic structures and properties of boron nitride nanomaterials (1630-1641 &) % 4#H#%E)
Bex7e BN 2 WE (2 TR —, T ) Fa—7, FI/Fx—r, T2kt T/ 78N &, Hix
TR AZLVER L. 2D OWME DR RS L EELENE, Mo RREE FIMEE, 5
EEFIZL VRN, S - 0 - RERICHATREPEIC DWW T E & T,

HEFWHR
B fw (fth 5 44)
(s ESE 73 B) =tk (2010)
AT T 7 a Y= b AR, BREEDOFH BRI D FE TRIAWEIRIZB W T,
K EWEOMEERAPBESIND. Z2TIE, K- &L 3MnG, WEOHESE, FH - =¥
— - WEOMARER, |Efab—L X, ERG, WHARKEER, EFEREMRLE, ke fhE
ZEY R
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Boron Based Solids
Takeo Oku, Jan-Olov Bovin, Reine Wallenberg, Anna Carlsson, Jan-Olle Malm,
Iwami Higashi, Takaho Tanaka and Yoshio Ishizawa (ft 13 4)
Research Signpost (2011)
(Chapter 1: Atomic structures of Biz-based solid clusters studied by high-resolution electron
microscopy (1-30 H) % /rfH#E%E)
Nu L RYE OB HE 2 BT 5 72DI20E, FICRITRE S AT 2 ANETH D.
Z 2T, BuiRiE 20 HKY T AKX —ToH % Al26CuisBios 2 Y Bsefiti i O it 2, #8520 fiEREFE 1R
WEE, GETE, RaFRERAL I XV BRI L7z, YR ED F— v VTR E & BT
L, FRCHE YR 2 L. 2O 3 RoTmma &I L0, JRpThR RS ELaL 2 f i L7z,

Boron: Compounds, Production and Application
Takeo Oku (fttl 45 44)
Nova Science Publishers, Inc. (2011)

(Chapter 14: High-Resolution Electron Microscopy of Bi2-Based Solid Clusters (493-519 E) %%y
fHEREE)

EEMERCHXHHE , 7 m A =2 L LTHEIRF SN D, 1E 20 A FRB R B 7 7 2 & — DR+
WIS R OME R Ma 2, Mmoo fEREE 7B, BEtE, M PauBiGguas, 2B &K 3 WRotE s fifhe
BRI E v EEMICEE L, RETaREEY 2 L.

Dye-Sensitized Solar Cells and Solar Cell Performance
Takeo Oku, Ryosuke Motoyoshi, Akihiro Takeda, Akihiko Nagata, Tatsuya Noma, Atsushi
Suzuki, Kenji Kikuchi, Shiomi Kikuchi, Balachandran Jeyadevan, Jhon Cuya (ftl 29 4 )
Nova Science Publishers, Inc. (2011)
(Chapter 7: Fabrication and characterization of Ceo-based bulk heterojunction solar cells with
Cu20, CulnSs, diamond, porphyrin and exciton-diffusion blocking layer (155-174 H) % /;{H#%E)
AT AR ROV 7 AT a S KGEm 2R L, 8RR K& OVl & 2 2 MY 3 7 BRI
K UFHME L7z, nfil 8k & LCTCe0, pMlY-E{AL L CTCu0, ZnH/N7 4 U, CulnS;, #A YEY
KEHAW, 7 ey 7@a8A L. $iz, DTEFHEREIZE Y o f X — LUV R OVERBE)
IZDONWTHELT.

HCTRTE» 3D}/ I—1F
SN

—FEtk, 204 H (2011)
A MA7EAo 20 E2AND, BINREDOXIITAEENTZON, TLTEDOLIIZLTH
DEY DH DN TETCNWDEDD, F /T 7 ) ad—gEMOSENSAMEET, BFNEDLII
REATNDEDNIONTA—AT T —THTRTONS LD ITHB L. ACHORTESIET v
LT X TfHE D CD-ROM [ZULER S 41, FHEERIZEN D DR FEL] 2 /3 2 CHRWTH S TRT%2 B H
HIEICEINE D X212 o T D,

FIRE=T A =W BET A ARRBKATHR
Bl %, imE vE (fh 41 44)
TXF 4—=TA (2011)
(5, 77 XEVICHKGEMOMICHHFEEIR (199-213 H) % /oH#E)
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B&RT /R DRET 7 XE B EFIH L KGEROEDRILOT 7o —F2 20T, Z0
JEER 7 & KB EE D @ 2h R b 2 B L72AF 2B SV CTREE Lo, A RETEIE R, o35 MR
BHLA 1L U & T DM DOMFERFIZ DN T IR L, EFOMFEREIMIZOVWTHAT L&D
(2, 7T R BEAF SRR OB A OW T BRI L TR L.

Electronic Properties of Carbon Nanotubes - Electronic Structure and Magnetic
Properties of N@Cgo-SWCNT
Atsushi Suzuki, Takeo Oku (il 73 44)
InTech (2011)
(Chapter 20: Electronic structure and magnetic properties of N@Ceo-SWCNT (423-446 BH) %%y
fHEEE)

NMR&E =2 B a—F —D[% & A v OBLEN GHMET 7 — 1L U N@Ceo, Sc2@Css, La@Cssz,
Gd@Cs2Z WL L7-SWCNT (1 —AR U =y R) OBFHEEOBKAINEE O EZERHE 7o b NI B
FEMTICEAS WG R - BREZWE L. FR2HFiliE (HOMO, LUMO) RE AL A E UH
DOREEBIFEHEAER, FhEREEIZ >V TNMR, ESR, ENDOR, UV-vis, Raman<Ci — FELEHE & D bl
REtaAT o 72, FRIZSWCNTDOERRT A 7 U T 1 72 E DR F 58 2 RS RS DF TR RS R
SN TR ZIT o 7.

T RY = —T v A OHF L IRREM O REL

TERREAL (fh 31 4)

HAriE @iz (2010)

(FBTEFE 1M RARY ~—T v A OFFHEMAEERADO 2 hr—/L (3851~363 H) &4 HHE%E)
BT B A LA FIRICHIA T 5 7-0101%, SREESRENE (B, MR, BRAVEMES)
EWMRETONENRS L. L LRRL, FEaMEE S22 6T 2 3R MBI b a8iic b %K
REHENELDH. 22T, BEHKA DH ORI TELLfEDLILTWAILHMEZ HWT, T2 okt
MAEED LIEEAME (R ~—714) BN cExiuE T2 nemblns, tikpmE s ch
FTXDH] LWVWIHIRAT y "RdH5. KETIE, ZOLIRBENSEZHENZRY ~—7T 01 OFEC
BLT, =& LTHINT 2MBALAD DRI DN T, B 2R~ B2 L7 30y
— & DEMRIC DWW TR L 7.

MRS & R E LB
I Ft (fth 45 4)
T A —HiAR (2011454 )

(FI9EE 28 ) F U LA A BMAE SN — X DEITOEE % 47 HHEE)

FIMEIRORE B R bR FE P I X 2 HEKIRE(L 22 &3 NBSEE OB & 720, R E TR
FHEE2EBT L OOEFERPMIHE S TWD. Z0H T, L E L To“E’23, 10
HOIESRPERLICRET D Z LB SATWDS. BAEOBEMBANNIL, =0 20 4ERH], #HAZ2Y—FK
LTERED, ZOEERBMIET 0t 24 H% DO T THATELOE, FHOMB IO 72 5Bk
B chH o, RN RERERZED TS, 1990 FEWHIC, = v 7V KEEME )V F 7 LA F
B PESAL S AL, HEHEIEC ) — MUY oy, FUN AR ORI L LY, EET
VA NHERESCER LA COSHAAR, S5, N 7Y v FEBESC A TR & o KRB
WET, K<HHASHh, HEEFEOHR TR TUIR LRV DL TE . £z, HRMITKEL
HESCESFEER EORBFEANELTEY, BEHOKRE RAMESEZ 1T S & “KREE B
ORI L » THIEFT AR EREERE (A~— 7V o N OBALMBELERSTER., ZNHOE
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72 E DZRRIR RN % 5302 0 03 < figait L, MERRROEMSRIC LV Rl Rl G b e st 272
DOERE D, ZNHIXINE TITEMRIE ) D7 e UTOMBIZARIND Z L1TIT & A RN
o7, UL, TEROERMEIRMIZH T, B HEHEMH TILEMmY A X1% 1000 £, Bl o %
U 100 UL FICKAUE LT, 230, 10 L EOFMMPER SN D720, T/ LUL TOMERE
A B FHEA, FHERE T, “DEREIRTOE 525 mELRD LN TS, BARRET
EHN B TIE, 10 R D BIMBEHIN ORI A2 L6 B, SmHEAN & AOBHEAR, AT o 5
IR AT TR Y, WFERRR N O R E CRE R E LT b, “BiREf &35 b0,
WIREMAZHIT 27 Wbt TR Y, EHEEHEAIIH DK 72D ORMBHINL, “DiEEiich s 2 &
H HEN R,

— 2. BARE@MX —

Present status and prospects of magnetite nanoparticles-based hyperthermia
Balachandran Jeyadevan

Journal of the Ceramic Society of Japan, Vol. 118 [6], pp. 391-401 (2010)
Magnetic fluid hyperthermia is a cancer treatment technique that utilizes the heat dissipated
by magnetic nanoparticles exposed to an alternating current magnetic field. The heat dissipated
1s consequence of the conversion of the magnetic energy through different relaxation mechanisms,
which depends on the physical properties of the magnetic particles. Particularly, in the case of
magnetic nanoparticles, the magnetic energy is converted to heat energy either by the resistive
response of the rotation of the magnetic particles (Brownian relaxation) or the rotation of the
magnetic moment within the particles (Néel relaxation) to the alternating magnetic field. In this
article, the main focus has been on the progress of theoretical and experimental investigations
towards the realization of magnetic fluid hyperthermia (MFH) through heat dissipation by Néel
relaxation of magnetite particles. We discuss about the present status and prospects of magnetite
nanoparticles-based hyperthermia focusing mainly on the dissipation of heat through Néel
relaxation mechanism. In doing so, an attempt has been made to review and deepen the
understanding on specific topics such as (a) specific heat absorption characteristics of magnetite,
especially the physical properties of particles that generate heat through Néel relaxation, (b) the
preparation techniques available to synthesize particles with required properties, (c)
experimental investigations carried out to determine the relative contribution of Néel relaxation
to dissipate heat and their potential for in vivo application, and (d) the theoretical estimation of
and experimental verification of heat diffusion characteristics of magnetite. The theoretical and
experimental studies have suggested that the development of case specific treatment technologies
based on an integrated approach considering both the physical constraints of the magnetic
particles to be used as thermal seeds and practically feasible alternating magnetic field

generators is a must for the establishment of MFH therapy in the foreseeable future.
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Size controlled Fe nanoparticles through polyol process and their magnetic
properties
R. Justin Joseyphus, Kozo Shinoda, Disuke Kodama, Balachandran Jeyadevan
Materials Chemistry and Physics, Vol. 123, pp. 487-493 (2010)
The first report on the synthesis of submicron sized pure Fe particles solely by polyol process
was published by the authors a couple of years ago. Recent applications in biomedical fields
demand stable and high saturation magnetization particles of sizes below 100 nm. In this paper,
we report the successful synthesis of size controlled Fe nanoparticles ranging between 90 and
10nm by polyol process using H2PtCl6 as the nucleating agent. The size of cubic Fe particles
synthesized without the nucleating agent was 150 nm. The gradual decrease in size was observed
with the increase in Pt ion concentration and the minimum size of 10—15nm was achieved under a
Pt ion concentration of 2x10-7 M. The Fe particles retained their cubic morphology for sizes above
25nm and became spherical and agglomerated with further reduction in size. Saturation
magnetizations of Fe particles were size dependent and varied between 210 and 90Am2 kg—1. The
as-prepared particles with diameters up to 60nm were highly stable in air due to the formation of
a thin passive layer of Fe-oxide shell. Consequently, this particle is considered a better candidate
for biomedical application than magnetite due to higher saturation magnetization and

biocompatible nature of the oxide layer formed on the surface.

Inhibition of the Dissolution of Fe from Fe-Pt Nano Particles by a Structural
Phase Transitions

Takashi Itoh, Masaki Uebayashi, Kazuyuki Tohji, Balachandran Jeyadevan

Electrochemistry, Vol. 78, pp. 157-160 (2010)

Fe-Pt nanoparticles fabricated by the polyol process have been reported as a possible
alternative material for use in catalytic electrodes for polymer electrolyte fuel cells (PEFCs).
Catalytic Fe-Pt alloys suffer from a problem where Fe dissolves from the alloy. Here, we
examined the dissolution of Fe into the electrolyte for various composition ratios of Fe to Pt. We
have also described the characteristics of Fe-Pt nanoparticles on the basis of XRD, XRF,
TEM-EDX and electrochemical measurements and have discussed the rinse effect of Fe-Pt
nanoparticles in acid solutions and the annealing effect of Fe-Pt caused by structural phase

transitions from disordered fcc to ordered fct phase structures.

Synthesis of Submicron Sized FeaoNigo Particles and Their Magnetic Properties

Daisuke Kodama, Kozo Shinoda, Ryo Kasuya, Kazuyuki Tohji, Masaaki Doi,

Jeyadevan Balachandran

Journal of Applied Physics, Vol. 107, pp. 09A320-1- 09A320-3 (2010)

Fe—Ni alloy nanoparticles were synthesized by polyol process using hydrazine as a reduction
assist reagent. Particle size, crystallite size, and crystal phases varied with the type of polyol. The
saturation magnetizations of the as-synthesized Fe-Ni particles synthesized in ethylene
glycol(EG) and 1-heptanol were similar to the bulk and were 73 emu/g and 83 emu/g, respectively.
On the other hand, the coercivities of the same were 41 and 123 Oe. The coercivity of the Fe—Ni
particles synthesized in EG decreased to 27 Oe after heat treatment. Though the magnetic
properties were very similar irrespective of the polyol used in this study, the Mossbauer
spectroscopic measurements revealed that Fe—Ni particles with single permalloy phase was

synthesized only when EG was used.
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Synthesis and Magnetic Properties of Platelet Fe—Co Particles

Hisanori Hiyama, Daisuke Kodama, Takatoshi Matsumoto, Kozo Shinoda, Ryo Kasuya, and

Jeyadevan Balachandran

Journal of Applied Physics, Vol. 107, pp. 09A329-1-09A329-3 (2010)

The synthesis scheme for hexagonal shaped Fe—Co platelets with magnetic properties
comparable to the bulk is reported for the first time. The hexagonal Fe—Co platelets with the size
of about 8 um and an aspect ratio of about 5.4 were prepared by reducing the platelet shaped
intermediate obtained in ethylene glycol-metal salts-sodium hydroxide system. The saturation
magnetization and coercivity of the Fe—Co hexagonal platelets obtained by reducing the solid
intermediate at 673 K in hydrogen atmosphere were above 220 emu/g and 25 Oe, respectively.
Since the use of such particles in high frequency applications demand further reduction in size
and increment in aspect ratio, a synthesis scheme for particle morphology control was devised.
The proposed synthesis scheme using nucleating agents clearly demonstrated that the shape, size,
and aspect ratio of the platelets can be controlled freely. Consequently, platelets with elongated
shape and thickness of about few hundred nanometers were produced. Though further reduction
in size and aspect ratio is demanded, the proposed synthesis scheme holds promise for the

development of Fe—Co platelet particles suitable for high frequency applications.

High-frequency Properties of Sub-micron-sized Fe-Co Particles

Daisuke Kodama, Kozo Shinoda, Yutaka Shimada, Masahiro Yamaguchi, Kazuyuki Tohji,

Balachandran Jeyadevan.

Journal of the Magnetics Society of Japan, Vol. 34(4), pp. 503-508 (2010)

We report the high-frequency properties of sub-micron-sized Fe-Co particles synthesized with
a polyol process, and what influence hard magnetic and non-magnetic oxide layers had on those
high-frequency properties. The Fe-Co particles exhibited a resonance peak in the range of a few
gigahertz, and the resonance peak shifted to a higher region for decreasing particle size.
Furthermore, the presence of a multi-resonance peak in the gigahertz range was recorded. The
permeability of surface-oxidized particles decreased and the resonant frequency shifted to a
higher region for increasing CoFezO4 layer thickness on the surface of the particles. However,
S102 coating did not influence the resonant frequency even though the permeability decreased

due to the decrease in the volume fraction of FeCo particles in the sample.

Order-Disorder Transformation of FesoCoso Particles Synthesized by Polyol
Process
G. B. Chon, Kozo Shinoda, Shigeru Suzuki, Balachandran Jeyadevan
Materials Transactions, Vol. 51(4), pp. 707-711 (2010)
X-ray diffraction applied anomalous dispersion effect was used for characterizing the
order-disorder transformation in FesoCoso fine particles synthesized by polyol process. The long
range order parameter was estimated from the superlattice peak intensities in the diffraction
pattern of particles annealed in the temperature range between 20 and 800°C. The results
showed that fine particles of as-synthesized Fe-Co have a disordered structure at room
temperature, while the ordered structure is present, to a great extent, in Fe-Co bulk alloys. The
fine particles of the disordered alloy were transformed to the ordered state by annealing up to
about 450°C. The magnetic properties of the Fe-Co alloy fine particles annealed at different

temperatures were also investigated using a vibrating sample magnetometer, in which magnetic
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fields of up to 15 kOe were applied to samples at room temperature. The saturation
magnetization of the as-synthesized particles increased with annealing temperature. This may be

attributed to transformation from disordered to ordered structure, along with sintering.

Heat Dissipation Characteristics of Magnetite Nanoparticles and Their
Application to Macrophage cells

Ryo Kasuya, Teppei Kikuchi, Hiroaki Mamiya, Koji Ioku, Shota Endo, Akira Nakamura,

Toshiyuki Takai, Jeyadevan Balachandran

Physics Procedia Vol. 9, pp. 186-189 (2010)

We report the results of the study undertaken to determine relative contributions of Néel and
Brownian relaxations on magnetic heat dissipation by investigating the physical, magnetic and
heating characteristics of magnetite suspension dispersing particles ranging in average diameter
from 10.0 to 15.7 nm. Heating characteristics depended on the primary particle size and the
viscosity of the medium. In the case of the sample with average diameter of 12.5 nm, the effective
specific absorption rate dropped by 27 % (22.9x10-9 to 16.8x10-9 Wg-10e-2Hz-1). In contrast, the
decrease of 67 % (29.5x10-9 to 9.7x10-9 Wg-10e-2Hz-1) was observed for the sample with average
diameter of 15.7 nm. The potential of these particles as thermal seeds was tested by feeding the
macrophage and exposing them to an alternative current magnetic field strength and frequency of
40 Oe and 600 kHz, respectively. The uptake of magnetite particles by the macrophage was

adequate to raise the temperature of cell suspension by 8 °C required for thermal necrosis.

Copper Nanoparticles Synthesized by Hydroxyl Ion Assisted Alcohol Reduction
for Conducting Ink

Jhon L. Cuya Huaman, Kimitaka Sato, Satoru Kurita, Takatoshi Matsumoto,

Balachandran Jeyadevan

J. Mater. Chem., Vol. 21, pp.7062-7069 (2011)

A hydroxyl ion assisted alcohol reduction method has been applied for the preparation of
copper nanoparticles with an average diameter of 10.5 nm and narrow size distribution. The
addition of specific amounts of hydroxyl ions to the alcoholic solution is the key to enhance the
reducing potential of alcohols to obtain metal copper from their salts even with 1-butanol. The
synthesis of copper metal was realized through intermediate steps corresponding to the formation
of copper oxides (CuO and Cu20). The obtained nanoparticles were coated with necessary
surfactants and dispersed in organic solvent such as dodecane to prepare conducting ink. Samples
annealed at 250 °C in nitrogen and vacuum atmosphere showed electrical resistivity of 26 and 35

uf2em, respectively.

Novel Standing Ni—Pt Alloy Nanocubes
Jhon L. Cuya Huaman, Shunya Fukao, Kozo Shinoda, Balachandran Jeyadevan
Cryst. Eng. Comm., Vol. 13, pp. 3364-3369 (2011)
The synthesis of novel cubic shaped-standing Ni—Pt alloy nanoparticles is reported.
Incorporation of a few percent of Pt atoms in the presence of chloride ions and oleylamine, which
helps to control the growth and prevents agglomeration, facilitates the formation of highly
monodispersed cubic shaped particles. Furthermore, these cubic-shaped particles stand on their
corners, which is believed to be due to the magnetic interaction between particles whose easy axis

is in the [111] direction. The formation of these unique shaped particles with different sizes has
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been realized by using platinum particles as seeds. It should be noted that these particles are

highly reproducible and holds great potential for catalytic applications.

Grain Size Effect on the Phase Transformation Temperature of Nanostructured
CuFe20.4

D. Prabhu, A. Narayanasamy, K. Shinoda, B. Jeyadevan, J.-M. Greneche,

K. Chattopadhyay

Journal of Applied Physics, Vol. 109, pp. 013532-1- 013532-6 (2011)

We report a large decrease in tetragonal to cubic phase transformation temperature when
grain size of bulk CuFe204 is reduced by mechanical ball milling. The change in phase
transformation temperature was inferred from in situ high temperature conductivity and x-ray
diffraction measurements. The decrease in conductivity with grain size suggests that ball milling
has not induced any oxygen vacancy while the role of cation distribution in the observed decrease
in phase transformation temperature is ruled out from in-field 57Fe Mossbauer and extended
x-ray absorption fine structure measurements. The reduction in the phase transformation
temperature is attributed to the stability of structures with higher crystal symmetry at lower

grain sizes due to negative pressure effect.

Low Temperature Synthesis of ITO Nanoparticles Using Polyol Process

R. Justin Joseyphus , Balachandran Jeyadevan

Journal of Physics and Chemistry of Solids, Vol. 72, pp. 1212-1217 (2011)

A low temperature synthesis technique to prepare indium tin oxide (ITO) nanoparticles by
the polyol process is proposed. On examining the phase formation of ITO nanoparticles in polyols
and alcohols such as ethylene glycol, trimethylene glycol, and 1-heptanol, it was found that ITO
nanoparticles could be synthesized directly without any post—annealing treatments at 175° C in
1-heptanol. The morphology of the particles is influenced by the type of polyol. The composition of
Sn in the ITO system could be easily controlled by simply varying the In/Sn precursor ratio in
1-heptanol. The low temperature synthesis method has enabled the formation of highly
crystalline ITO nanoparticles with diameters less than 25 nm even at annealing temperatures as
high as 700° C.

Preparation of Magnetite Aqueous Dispersion for Magnetic Fluid Hyperthermia

Teppei Kikuchi, Ryo Kasuya, Shota Endo, Akira Nakamura, Toshiyuki Takai,

Nils Metzler-Nolte, Kazuyuki Tohji, Jeyadevan Balachandran

Journal of Magnetism and Magnetic Materials, Vol. 323, pp. 1216-1222 (2011)

An aqueous magnetic suspension was prepared by dispersing amphiphilic co-polymer-coated
monodispersed magnetite nanoparticles synthesized through thermal decomposition of iron
acetylacetonate (Fe(acac)3) in a mixture of oleic acid and oleylamine. The average diameter of
narrow-size-distributed magnetite nanoparticles varied between 5 and 12 nm depending on the
experimental parameters such as reaction temperature, metal salt concentration and oleic
acid/oleylamine ratio. Though the as-synthesized particles were coated with oleate and were
dispersible in organic solvent, their surfaces were modified using amphiphilic co-polymers
composed of poly(maleic anhydride-alt-1-octadecene) and polyethylene glycol-methyl ether and
made dispersible in water. Infrared spectra of the sample indicated the existence of -COOH

groups on the surface for further conjugation with biomolecules for targeted cancer therapy.
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Optimal Design of Nanomagnets for Targeted Hyperthermia
Hiroaki Mamiya, Balachandran Jeyadevan
Journal of Magnetism and Magnetic Materials Vol. 323, pp. 1417-1422 (2011)
We have numerically simulated the dynamic response of single-domain nanomagnets to
alternating magnetic fields and discuss nanometer-sized thermal seeds suitable for selectively
targeted magnetic hyperthermia. When we assign priority to the easy delivery and biological
safety of these fields, the maximum heating power is obtained by the irradiation of a weak field at
a medium frequency (~1 MHz) on almost spherical magnetite nanomagnets with a diameter of
approximately 20nm. On the other hand, the irradiation of the amplified field at a low frequency

(~100 kHz) is more effective if the neural stimulation is allowable.

Hyperthermic Effects of Dissipative Structures of Magnetic Nanoparticles in
Large Alternating Magnetic Fields
Hiroaki Mamiya and Balachandran Jeyadevan
Scientific Reports, Vol. 1:157, pp. 1-7 (2011)
Targeted hyperthermia treatment using magnetic nanoparticles is a promising cancer
therapy. However, the mechanisms of heat dissipation in the large alternating magnetic field
used during such treatment have not been clarified. In this study, we numerically compared the
magnetic loss in rotatable nanoparticles in aqueous media with that of non-rotatable
nanoparticles anchored to localised structures. In the former, the relaxation loss in
superparamagnetic nanoparticles has a secondary maximum because of slow rotation of the
magnetic easy axis of each nanoparticle in the large field in addition to the known primary
maximum caused by rapid Ne’el relaxation. Irradiation of rotatable ferromagnetic nanoparticles
with a high-frequency axial field generates structures oriented in a longitudinal or planar
direction irrespective of the free energy. Consequently, these dissipative structures significantly
affect the conditions for maximum hysteresis loss. These findings shed new light on the design of

targeted magnetic hyperthermia treatments.

Potential of Sub-Micron-Sized Fe-Co Particles for Antenna Applications

Daisuke Kodama, Kozo Shinoda, Ryo Kasuya, Masaaki Doi, Kazuyuki Tohji,

Balachandran Jeyadevan

Journal of Applied Physics, Vol. 111, pp. 07A331-1-07A331-3 (2012)

High frequency properties of (a) as-synthesized and (b) flattened by ball milling Fe-based
alloys particles and their potential as antenna materials is reported. The high frequency
properties of Fe-Co nanoparticles exhibited a resonance peak in the range of a few gigahertz
(GHz), and the resonance peak shifted to a higher region for decreasing particle size. However,
magnetic permeability was not high enough to be used as high performing electromagnetic wave
absorbers. On the other hand, the permeability of Fe-Ni particles at 1 GHz was 2.5 and the
magnetic loss was 0.36. However, permeability was enhanced to a value of more than 3 and the
magnetic loss decreased by more than half, when the dispersibility and planular aggregates were
realized through ball milling. Additional experiments suggested that the particle aggregation had
greater influence in the high frequency properties than the composition and magnetic properties.
Similarly, when Fes0Coso particles were also subjected to ball milling, their magnetic loss
decreased below the values achieved by Fe-Ni and suggested the possibility of becoming a

potential candidate for antenna applications.
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Low Temperature Synthesis of FePt Alloy Nanoparticles by Polyol Process
K Fukuda, S Fujieda, K Shinoda, S Suzuki and B Jeyadevan
Journal of Physics: Conference Series, Vol. 352, pp. 012020 (1-6) (2012)
Low temperature synthesis of equiatomic FePt alloy nanoparticles with the FCC structure
was carried out by the polyol process in the presence of NaOH at above 383 K. The Pt content in
the FePt alloy particles decreased with decreasing reaction temperature and equiatomic
FCC-FePt alloy nanoparticles were successfully obtained at 383 K. When the FCC-FePt alloy
nanoparticles synthesized at 383 K were annealed at 573 K, a partially ordered phase with the
L10 structure was observed. For comparison, FCC-FePt alloy nanoparticles were synthesized at
468 K without adding NaOH. Results showed that the degree of atomic ordering of the sample
synthesized at 383 K with the addition of NaOH was higher than those obtained at 468 K after
annealing at low temperatures. Thus, it is concluded that the temperature employed during the

synthesis of FCC-FePt alloy nanoparticles affects the ordering transformation temperature.

Synthesis of Copper Nanoparticles by Polyol/alcohol Reduction Method

dJ. L. Cuya Huaman, K. Sato, S. Kurita, T. Matsumoto, H. Miyamura and B. Jeyadevan.

MRS proceedings, pp. 144-149 (2012)

Oleylamine stabilized copper nanoparticles with an average diameter of ~10 nm were
obtained by reducing copper chloride with 1-heptanol. Surfactants such as oleylamine, poly
(N-vinylpyrrolidone) and oleic acid were used to avoid the agglomeration and growth of the
particles during the synthesis and consequent dispersion in organic solvent. The analyses of the
samples indicated that oleylamine results to be more suitable to prepare stable copper
suspensions in dodecane. The electrical resistivity of the copper thin films prepared by spin
coating the copper nanoink and annealed at 250 °C under different atmospheres was less than 35
pQ-cm, which is closer to the values reported for Cu nanoparticles.

Effect of Densification on Crack Initiation under Vickers Indentation Test
Yoshinari Kato, Hiroki Yamazaki, Satoshi Yoshida, Jun Matsuoka
J. Non-Crystalline Solids, Vol.356. pp.1768-1773 (2010)
Crack initiation in various commercial glass compositions was investigated by measuring
“crack resistance”, which is determined by a series of Vickers indentation and counting of cracks
around the indentation. The crack resistance of glass does not have clear relationship with
hardness, fracture toughness, nor “brittleness” which is a ratio of the hardness to the fracture
toughness. However, the crack resistance has a strong relationship with densification. Glass
experiencing larger densification around the indentation shows higher crack resistance.
Densification is assumed to reduce residual stress around the indentation, resulting in an

increase in the crack resistance.

Effect of B2O3 Content on Crack Initiation under Vickers Indentation Test
Yoshinari Kato, Hiroki Yamazaki, Yoshihiro Kubo, Satoshi Yoshida, Jun Matsuoka,
Tomoko Akai
J. Ceram. Soc. Jpn., Vol.118, pp.792-798 (2010)
Effect of B20s content on crack resistance was investigated by indentation tests of glass
samples with various compositions of B2Os. The ternary SiOz-B203-Na20 glass system (SBN

series) and non-alkaline aluminoborosilicate glass system (SAB series). When B203 is substituted
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with SiOz in the SBN system (“SBN1” series), crack resistance has a relationship with density. In
a series of the SBN system where density did not change with B203 content (“SBN2” series), crack
resistance decreased with increasing B20Os content. On the other hand, crack resistance increased
with increasing B20s content in the SAB series, where density did not change. According to the
results of NMR measurement, boron in 4-cordination state (4B) increased in the SBN2 series
while boron in 3-cordination state (3/B) increased in the SAB series with increasing BzOs content.
Therefore, crack resistance increases with increasing 3B and decreases with increasing 4/B. The
difference in structure between BB and 4B containing glasses leads to different effect on residual

stress around the indentation, resulting in difference in crack resistance.

Load dependence of densification in glass during Vickers indentation test
Yoshinari Kato, Hiroki Yamazaki, Satoru Itakura, Satoshi Yoshida, Jun Matsuoka
J. Ceram. Soc. Jpn., Vol.119, pp.110-115 (2011)
The load dependence of densification during a Vickers indentation test was investigated for
three commercial glass compositions, soda-lime silicate glass, aluminoborosilicate glass, and lead
borosilicate glass, each of which exhibits markedly different susceptibility to crack initiation. The
contribution of densification to the total deformation due to indentation was evaluated as the
ratio of the depths of indentation before and after heat treatment measured with an atomic force
microscope (AFM). For the soda-lime silicate and aluminoborosilicate glasses, the contribution of
densification decreases with increasing applied load, but the rate of the decrease is less for the
alumonoborosilicate glass than for the soda-lime silicate glass. For the lead borosilicate glass, the
contribution of densification is low throughout the range of loads investigated. The residual stress
can be estimated from the contribution of densification, and the variation of load dependence of
the residual stress is considered to result in a large difference in the crack initiation load among

the glasses.

Synthesis of 3-Buten-1-ol from 1,4-Butanediol over Indium Oxide

Ryoji Takahashi, Ikuya Yamada, Aiko Iwata, Naoya Kurahashi, Satoshi Yoshida,

Satoshi Sato

Applied Catalysis A: General, Vol.383, pp.134-140 (2010)

Dehydration of 1,4-butanediol (14BDO) was investigated over indium oxide. Over the indium
oxide prepared by precipitation, both conversion of 14BDO and selectivity to unsaturated alcohol,
3-buten-1-ol (3Blol), increase with the increase in calcination temperature of indium oxide
irrespective of the decrease in the specific surface area. The maximum values of 79.6% conversion
and 79.0% selectivity to 3Blol are obtained over indium oxide calcined at 900 °C. The values are
much higher than the activities of commercial indium oxide. The activities of indium oxide
depend on the shape of particles. Indium oxides prepared by the precipitation are composed of
particles with diameter of 10—70 nm. The size and shape of particles change by calcination:
spherical shape at low temperature of <800 °C varies to angular one at >800 °C with a slight
growth of particle size. The change in the shape of the particles means that indium oxide
crystallites calcined at >800 °C mainly expose 2 2 2 facets. The dehydration reaction of 14BDO to

3B1ol is preferentially promoted over 2 2 2 surface of bixbyite structure.
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Effects of Composition on Redox Behaviors of Antimony or Arsenic Ion in Silicate
Melts by Differential Pulse Voltammetry

Satoshi Yoshida, Takahiko Sudo, Mitsuo Kato, Toru Sugawara, Jun Matsuoka,

Yoshinari Miura, Yasushi Kii

J. Non-Crystalline Solids, Vol.356, pp.2842-2849 (2010)

Redox behaviors of antimony or arsenic ions in 16Na20-10R0-74Si02 (mol%, R = Mg, Ca, Sr,
Ba) glass melts are investigated using differential pulse voltammetry. The redox ratio of each
ion in every glass composition at a given temperature is estimated from the peak potential in each
voltammogram. With increasing temperature, the redox equilibria shift to reduced states. The
[Sb3+]/[Sb5*] and [Sb°]/[Sb3*] ratios show minimums at the composition of 16Na20-10Sr0Q-74Si02
glass. It is not the case for arsenic ion in these glasses. The compositional variations of the
redox ratios for arsenic ion, [As3*]/[As>*] and [As0]/[As3*], can be reasonably explained by the
basicity of melt. It is suggested that the redox state of multivalent ion in silicate melt is affected

not only by the basicity of melt but also by the stability of complex containing the multivalent ion.

Effects of Indenter Geometry on Indentation-Induced Densification of Soda-Lime
Glass
Satoshi Yoshida, Hiroshi Sawasato, Toru Sugawara, Yoshinari Miura, Jun Matsuoka
J. Mater. Res., Vol.25, pp.2203-2211 (2010)
Hardness of glass is known to be related to the resistance to permanent deformation.
However, the mechanism of permanent deformation of glass under a sharp diamond indenter is
not clear yet. One of the deformation modes of oxide glass at room temperature is permanent
densification. In this study, the indentation-induced densification of sodalime glass under
diamond indenters was evaluated from the volume recovery of indentation imprint by thermal
annealing. The volume change of the indentation imprint by annealing corresponds to the
densified volume under the indenter. Using some kinds of diamond indenters, which have
different inclined face angles, the ratios of densified volume to the total “lost” volume under the
indenters were determined. With an increase in the inclined face angle, the densification
contribution decreased and the shear-flow contribution increased. This indenter-shape
dependence of densification in glass is discussed in terms of the stress dependence of the

deformation mechanisms in glass.

Intrinsic Strength of Sodium Borosilicate Glass Fibers by Using a Two-Point
Bending Technique
Yoshinori Nishikubo, Satoshi Yoshida, Toru Sugawara, Jun Matsuoka
IOP Conf. Series: Materials Science and Engineering, Vol.18, pp.112019-1-4 (2011)
Flaws existing on glass surface can be divided into two types, extrinsic and intrinsic.
Although the extrinsic flaws are generated during processing and using, the intrinsic flaws are
regarded as structural defects which result from thermal fluctuation. It is known that the
extrinsic flaws determine glass strength, but effects of the intrinsic flaws on the glass strength
are still unclear. Since it is considered that the averaged bond-strength and the intrinsic flaw
would affect the intrinsic strength, the intrinsic strength of glass surely depends on the glass
composition. In this study, the intrinsic failure strain of the glass fibers with the compositions of
20Na20-40xB203-(80-40x)Si02 (mol%, x =0, 0.5, 1.0, 1.5) were measured by using a twopoint

bending technique. The failure strength was estimated from the failure strain and Young’s
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modulus of glass. It is elucidated that two-point bending strength of glass fiber decreases with
increasing B20s content in glass. The effects of the glass composition on the intrinsic strength are

discussed in terms of elastic and inelastic deformation behaviors prior to fracture.

Fracture- and Indentation-Induced Structural Changes of Sodium Borosilicate
Glasses

Satoshi Yoshida, Yoshinori Nishikubo, Akiko Konno, Toru Sugawara, Yoshinari Miura,

Jun Matsuoka

Intl. J. Appl. Glass Sci., Vol.3, pp.3-13 (2012)

It is known that indentation using a diamond indenter induces permanent densification to
result in plastic or inelastic deformation of glass. However, it is still unclear whether a high
tensile stress causes such a structural change or not. In this study, fracture- and
indentation-induced structural changes of glasses with the compositions of 20Na20-40x
B203-(80-40%Si02 (in mol%, x = 0, 0.5, 1, 1.5) are investigated. Two-point bending tests of the
glass fibers are performed to apply a high tensile stress to the glasses, and Vickers indentation
tests of the glasses are also carried out for comparison. The structural change of the glass is
evaluated by using Raman spectroscopy. It is elucidated that a tensile side of the fractured fiber
for every composition shows a permanent structural change, which is characterized by a lower
wave number shift of Raman peak assigned to the Si-O-Si bending vibration mode. It is also found
that the behaviors of Raman peaks of the fractured fiber are opposite to those of the indented

glass under a high compressive stress.

Thermodynamic Mixing Properties of Liquids in the System Na2O-SiO2
Toru Sugawara, Kentaro Shinoya, Satoshi Yoshida, Jun Matsuoka
J. Non-Crystalline Solids, Vol.357, pp.1390-1398 (2011)
Enthalpies of fusion have been measured by differential scanning calorimetry for a Na20-SiOz
system at 50, 66.6, and 74.4 mol% SiOz. Enthalpies of mixing of liquids obtained from different
calorimetry techniques are critically evaluated. The data on calorimetric enthalpy, activity of
Na20, cristobalite liquidus, and immiscibility gap are used to determine the enthalpy and entropy
of mixing of sodium-—silicate liquids are determined as a function of composition by the least
squares method. The derived mixing properties are based only on the experimental data and are
independent of any assumption about the structure and chemical species in liquids. The enthalpy
of mixing has a minimum value of =120 kd/mol at 35—40 mol% SiO:z and is convex upward around
80-90 mol% SiOs. The entropy of mixing have a maximum value of+6 J/K-mol at 75 mol% SiOg,
and it decreases with the SiO2 content to—5 J/K-mol at 40 mol% SiO2. This decrease in entropy
can be accounted for by ideal mixing of Q4, Q3, and Q+2 (=Q°+Q'+Q?) species in the liquids and
1s responsible for the negative temperature dependence of the partial molar Gibbs energy of
mixing of Na20, observed in activity measurements. Comparison of the present results with
previous values suggests that a quasi-chemical model and the Adam—Gibbs model overestimate

the configurational entropy of mixing of liquids.
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Hydrogen Peroxide Formation on Several Carbon Materials in Sulfuric Acid
Solution
Taro Kinumoto, Junichi Nakamura, Kenji Kikuchi and Zempachi Ogumi
3, 244, 143-146 (2010)
Hydrogen peroxide (H202) formation on Ketjen black® EC300J, Vulcan XC-72R® and
acetylene black in sulfuric acid solution was investigated. For this purpose, an
ultra-microanalysis system for H202 was constructed. It was clarified that H202 was produced
through an oxygen reduction reaction on these carbon materials. When oxidized acetylene blacks
were employed, both the content of alcohol-like groups and the amounts of H20:2 produced
increased. It is, therefore, surmised that the alcohol-like groups on acetylene blacks mainly
contribute to H2Oz formation in a similar manner as the so-called “anthraquinone process”, the

practical method for H202 production.

Fabrication and Characterization of Fullerene-Based Bulk Heterojunction Solar
Cells with Porphyrin, CulnSs, Diamond and Exciton-Diffusion Blocking Layer
Takeo Oku, Akihiro Takeda, Akihiko Nagata, Tatsuya Noma, Atsushi Suzuki, Kenji Kikuchi
Energies Vol.3, pp. 671-685 (2010)
Fullerene-based bulk heterojunction solar cells were fabricated, and the electronic and optical
properties were investigated. Cso were used as n-type semiconductors, and porphyrin, CulnSz and
diamond were used as p-type semiconductors. An effect of exciton-diffusion blocking layer of
perylene derivative on the solar cells between active layer and metal layer was also investigated.
Optimized structures with the exciton-diffusion blocking layer improved conversion efficiencies.
Electronic structures of the molecules were investigated by molecular orbital calculation, and
energy levels of the solar cells were discussed. Nanostructures of the solar cells were investigated
by transmission electron microscopy, electron diffraction and X-ray diffraction, which indicated

formation of mixed nanocrystals.

Fabrication and Photovoltaic Property of Diamond: Fullerene Nanocomposite
Thin Film
Akihiko Nagata, Takeo Oku, Atsushi Suzuki, Kenji Kikuchi, Shiomi Kikuchi
J. Ceram. Soc. Jpn. Vol.118, pp. 1006-1008 (2010)
Diamond:fullerene nanocomposite thin films were fabricated, and the photovoltaic properties
were investigated. Ceo and diamond were used as n-type and p-type semiconductors, respectively,
and the nanostructures of the thin films were investigated by transmission electron microscopy
and X-ray diffraction. Energy levels of the clusters were calculated by molecular orbital

calculations, and the nanostructure and electronic property were discussed.

Structure and Photovoltaic Activity of Cupric Oxide-based Thin Film Solar Cell
Ryosuke Motoyosi, Takeo Oku, Hiroki Kidowaki, Atsushi Suzuki, Kenji Kikuchi,
Shiomi Kikuchi, Balachandran Jeyadeva
J. Ceram. Soc. Jpn. Vol.118, pp. 1021-1023 (2010)
Cupric oxide (CuO) thin films were prepared and their microstructures and photovoltaic
properties were investigated. Thin film devices based on the CuO/Cso heterojunction structure
were fabricated on F-doped SnO: by spin-coating, and displayed photovoltaic activity under

AM1.5 simulated sunlight conditions. The CuO thin film microstructure was examined using

27



X-ray diffraction and transmission electron microscopy, which indicated the presence of CuO
nanoparticles of size 10-30 nm. The energy levels for the solar cell and its constituent components

were also discussed.

Fabrication and Characterization of Ccuprous Oxide: Fullerene Solar Cells
Ryosuke, Motoyoshi, Takeo Oku, Atsushi Suzuki, Kenji Kikuchi, Shiomi Kikuchi,
Balachandran Jeyadevan, Jhon Cuya

Synthetic Metals, Vol.160, pp.1219-1222 (2010)
Cuprous oxide (Cuz0)-based solar cells with fullerene (Ceo) were fabricated on indium tin oxide

(ITO) by a spin-coating method. The microstructure and cell performance of the solar cells with

the Cu20:Ceo structure was investigated.Aphotovoltaic device based on an ITO/Cu20:Ceo bulk

heterojunction structure fabricated by the spin-coating method provided short-circuit current
density of 0.11 mAcm~2 and opencircuit voltage of 0.17 V under an Air Mass 1.5 illumination. The
microstructures of the Cu20 active layer were examined by using X-ray diffraction and

transmission electron microscopy. The energy levels of the present solar cells are also discussed.

Fabrication and Characterization of Copper System Compound Semiconductor
Solar Cells
Ryosuke, Motoyoshi, Takeo Oku, Atsushi Suzuki, Kenji Kikuchi, Shiomi Kikuchi,
Balachandran Jeyadevan, Jhon Cuya
Advances in Materials Science and Engineering Vol.2010, pp. 562842-1-11 (2010)
Copper system compound semiconductor solar cells were produced by a spin-coating method,
and their cell performance and structures were investigated. Copper indium disulfide- (CIS-)
based solar cells with titanium dioxide (TiO2) were produced on F-doped SnO: (FTO). A device
based on an FTO/CIS/TiOz structure provided better cell performance compared to that based on
FTO/TiO2 /CIS structure. Cupric oxide- (CuO-) and cuprous oxide- (Cuz0-) based solar cells with
fullerene (Ceo) were also fabricated on FTO and indium tin oxide (ITO) . The microstructure and
cell performance of the CuO/Ceo heterojunction and the Cu20:Ceo bulk heterojunction structure
were investigated. The photovoltaic devices based on FTO/CuO/Cso and ITO/Cuz20:Ceo structures
provided short-circuit current density of 0.015 mA ecm=2 and 0.11 mAcm=2, and open-circuit voltage
of 0.045 V and 0.17 V under an Air Mass 1.5 illumination, respectively. The microstructures of

the active layers were examined by X-ray diffraction and transmission electron microscopy.

Fabrication, Nanostructures and Electronic Properties of Nanodiamond-based
Solar Cells
Akihiko Nagata, Takeo Oku, Kenji Kikuchi, Atsushi Suzuki, Yasuhiro Yamasaki, Eiji Osawa
Progress in Natural Science: Materials International Vol.20, pp. 38-42 (2010)
Nanodiamond-based solar cells were fabricated and the photovoltaic properties were
investigated. Fullerene (Ceéo) and fullerenol (Céo (OH) 10-12) were used as n-type semiconductors,
and diamond nanoparticles and metal phthalocyanine derivative were used as p-type
semiconductors. The nanostructures of the solar cells were investigated by transmission electron

microscopy and X-ray diffraction, and the electronic property was discussed.
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Formation and Characterization of Phthalocyanine Dimer / Cgo Solar Cells

Akihiro Takeda, Akira Minowa, Takeo Oku, Atsushi Suzuki, Kenji Kikuchi,

Yasuhiro Yamasaki

Progress in Natural Science: Materials International, Vol.20 pp. 27-30 (2011)

Organic solar cells with p-oxo-bridged gallium phthalocyanine dimer (GaPc dimer) and
fullerene were produced by an evaporation method. A device based on the GaPc dimer provided a
conversion efficiency of 4.2xX103 %, which is better compared to a device based on phthalocyanine
monomer. Dimerization effect was discussed with a molecular orbital calculation, and the
crystalline phases of the present solar cells were investigated by X-ray diffraction. Further

improvement of the efficiency was discussed on the basis of the experimental results.

Theoretical Study of Gallium Phthalocyanine Dimer-Fullerene Complex for
Photovoltaic Device
Akihiro Takeda, Takeo Oku, Atsushi Suzuki, Yasuhiro Yamasaki
Journal of Modern Physics, Vol.2, pp. 966-969 (2011)
Geometry and electronic structures of gallium phthalocyanine dimer and fullerene molecules
were investigated by theoretical calculation. The highest occupied molecular orbital was localized
on the donor site, and the lowest unoccupied molecular orbital were localized on accepter site. The
present results indicate that high conversion efficiency would be expected when phthalocyanine

dimers were used as solar cell materials.

Effects of Au Nanoparticle Addition to Hole Transfer Layer in Organic
Photovoltaic Cells Based on Phthalocyanines and Fullerene
Akihiko Nagata, Takeo Oku, Tsuyoshi Akiyama, Atsushi Suzuki, Yasuhiro Yamasaki,
Tomohiro Mori
Journal of Nanotechnology, Vol.2011, pp. 6 (2011)
Phthalocyanines / fullerene organic photovoltaic cells were fabricated and characterized.
Effects of Au nanoparticle addition to a hole transfer layer were also investigated, and power
conversion efficiencies of the photovoltaic cells were improved after blending the Au nanoparticle
into PEDOT:PSS. Nanostructures of the Au nanoparticles were investigated by transmission
electron microscopy and X-ray diffraction. Energy levels of molecules were calculated by

molecular orbital calculations, and the nanostructures and electronic property were discussed.

Fabrication and Characterization of Copper Oxides/Fullerene Solar Cells
Prepared by an Electrodeposition Method
Kazuya Fujimoto, Takeo Oku and Tsuyoshi Akiyama
Journal of the Ceramic Society of Japan, Vol.119, pp.402-404 (2011)
Copper oxide based solar cells with fullerene (Ceo) were fabricated on indium tin oxide (ITO)
by an electrodeposition method. Cell performance of the solar cells with the Cu20/Ceéo and
CuO/Ceo structures was investigated. A photovoltaic device based on an ITO/Cu20/Ceo
heterojunction structure provided short-circuit current density of 67 pAcm?2 and open circuit
voltage of 0.20Vunder an air mass 1.5 illumination. The microstructures of the Cu20 and CuO

layers were examined, and the energy levels of the present solar cells were also discussed.

29



High-Resolution Electron Microscopy of Nanostructured Materials
Takeo Oku
Nanoscience & Nanotechnology-Asia, Vol.1, pp.59-75 (2011)
High-resolution electron microscopy (HREM) analysis has contributed to the direct analysis
of the atomic structures of advanced nanostructured materials, of which properties of these
materials are strongly dependent on the atomic arrangements. In the present paper, the direct
atomic analysis of nanostructured materials such as borides and oxide materials was described,
and the HREM methods were applied to boron nitride nanomaterials such as nanotubes and

nanoparticles.

Structures and Photovoltaic Properties of Copper Oxides / Fullerene Solar Cells

Takeo Oku, Ryosuke Motoyoshi, Kazuya Fujimoto, Tsuyoshi Akiyama,

Balachandran Jeyadevan, Jhon Cuya

Journal of Physics and Chemistry of Solids, Vol. 72, pp.1206-1211 (2011)

Copper oxide (CuOx) thin films were produced by spin-coating and electrodeposition methods,
and their microstructures and photovoltaic properties were investigated. Thin film solar cells
based on the CusO/Ceo and CuO/Ceo heterojunction or bulk heterojunction structures were
fabricated on F-doped or In-doped SnO2, which showed photovoltaic activity under air mass 1.5
simulated sunlight conditions. Microstructures of the CuOx thin films were examined by X-ray
diffraction and transmission electron microscopy, which indicated the presence of Cuz0 and CuO

nanoparticles. The energy levels of the present solar cells were also discussed.

Fabrication and Characterization of TiOz2-based Dye-sensitized Solar Cells
Takeo Oku, Nariaki Kakuta, Kengo Kobayashi, Atsushi Suzuki, Kenji Kikuchi
Progress in Natural Science: Materials International, Vol.21, pp. 46-50 (2011)
Dye-sensitized solar cells TiO2 with were fabricated. The phase composition and
microstructures of the solar cells were examined by X-ray diffractometry and transmission
electron microscopy, and the energy levels of the present solar cells were also discussed. The
results show that a solar cell mixed with xylenol orange and rose Bengal shows a higher
conversion efficiency compared to solar cells with a single dye. An introduction of amorphous TiO2

layers results in an improvement of the conversion efficiency.

Fabrication and Characterization of CuO-based Solar Cells

Hiroki Kidowaki, Takeo Oku, Tsuyoshi Akiyama, Atsushi Suzuki, Balachandran Jeyadevan,

Jhon Cuya

Journal of Materials Science Research Vol.1, pp. 138-143 (2012)

Cuprous oxide (CuO) -based solar cells with fullerene (Ceo) were fabricated on indium tin
oxide (ITO) by a spin-coating method. The microstructure and cell performance of the solar cells
with the CuO/Ceo structure was investigated. A photovoltaic device based on an ITO/CuO/Ceo
hererojunction structure fabricated by the spin-coating method provided short-circuit current
density of 0.18 mAem™? and open circuit voltage of 0.04 V under illumination. The crystal
structure of the CuO active layer was examined by using X-ray diffraction. The energy levels of

the present solar cells are also discussed.
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Effect of Perylenetetracarboxylic Dianhydride Layer as a Hole Blocking Layer on
Photovoltaic Performance of Poly-vinylcarbazole:Cso Bulk Heterojunction Thin
Films
Takeo Oku, Katsunori Nomura, Atsushi Suzuki, Kenji Kikuchi
Thin Solid Films, Vol.520, pp. 2545-2548 (2012)
Thin film solar cells with a structure of poly (9-vinylcarbazole) and Ceo bulk heterojunction
were fabricated and characterized. The effects of 3,4,9,10-perylenetetracarboxylic dianhydride
(PTCDA) as a hole blocking layer for the organic solar cells between active layer and metal layer
were also investigated, and the optimized cell structures with PTCDA improved the short-circuit
current density and fill factor up to twice values, which resulted in an increase of the conversion
efficiency. Microstructure analysis was carried out by using X-ray diffraction and transmission
electron microscopy, which indicated the bulk nanocomposite structure Energy levels of the
molecules were calculated, and the interfacial structure was discussed based on the experimental

and calculated results.

Effect of an Amorphous TiO2 Addition on Dye-Sensitized Solar Cells with
Organic Dyes
Nariaki Kakuta, Takeo Oku, Atsushi Suzuki, Kenji Kikuchi, Shiomi Kikuchi
Journal of Ceramic Processing Research, Vol.13, pp.28-31 (2012)
Dye-sensitized solar cells with organic dyes of xylenol orange and rose bengal were fabricated
and characterized. A solar cell with mixed xylenol orange and rose bengal showed a higher
conversion efficiency compared to solar cells with one type of dye. In addition, amorphous TiO:z
layers were introduced to attract electrons, which were mixed phases of anatase and amorphous.
The current density was improved by the TiOz layer introduced, and the conversion efficiency

increased.

Microstructures and Photovoltaic Properties of Fullerene-Based
Organic-Inorganic Hybrid Solar Cells

Takeo Oku, Akihiro Takeda, Akihiko Nagata, Kazuya Fujimoto, Tsuyoshi Akiyama,

Atsushi Suzuki

Journal of Physics : Conference Series Vol.352, pp.012024-1-9 (2012)

Ceo-based bulk heterojunction solar cells were fabricated, and the electronic and optical
properties were investigated. Ceo were used as n-type semiconductors, and copper oxides, CulnSz
and diamond were used as p-type semiconductors. Electronic structures of the molecules were
investigated by molecular orbital calculation, and energy levels of the solar cells were discussed.
Nanostructures of the solar cells were investigated by transmission electron microscopy, electron

diffraction and X-ray diffraction, which indicated formation of mixed nanocrystals.

Fabrication and Characterization of Polysilane/Cgo Thin Film Solar Cells
Junya Nakagawa, Takeo Oku, Atsushi Suzuki, Tsuyoshi Akiyama, Katsuhisa Tokumitsu,
Masahiro Yamada, Mika Nakamura
Journal of Physics : Conference Series, Vol.352, pp.012019-1-5 (2012)
Polysilane/fullerene bulk heterojunction solar cells were fabricated on indium tin oxide
electrode by a spin-coating method, and performance and microstructures of the solar cell were

investigated. Poly-methyl-phenylsilane, poly-phenylsilane, deca-phenyl-cyclopentasilane and
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[6,6]-phenyl Cei-butyric acid methyl ester (PCBM) , poly[3-hexylthiophene] (PSHT) were used
for the present cells. A device based on the P3HT and PCBM provided better efficiency, fill factor,

and short-circuit current compared to those of a device based on P3HT and fullerene.

Fabrication and Characterization of Poly[diphenylsilane]-Based Solar Cells
Makoto Iwase, Takeo Oku, Atsushi Suzuki, Tsuyoshi Akiyama, Katsuhisa Tokumitsu,
Masahiro Yamada, Mika Nakamura

Journal of Physics : Conference Series, Vol.352, pp.012018-1-5 (2012)

Polyl[diphenylsilane] (PDPS)-based photovoltaic cells were fabricated by using mixture
solution of PDPS, phosphorus and boron. An influence of phosphorus and boron doping into PDPS
on the performance of the photovoltaic device was investigated. The solar cell using fluorine
doped tin oxide glass plates provided short-circuit current density of 0.12 mA/cm2 and
open-circuit voltage of 0.28 V under simulated sunlight. Energy levels, formation mechanism and

microstructure of the solar cells were discussed.

Microstructure Analysis of Spherical Silicon Solar Cells Coated with
Anti-Reflection Films

Yuji Ono, Takeo Oku, Tsuyoshi Akiyama, Yoichi Kanamori, Yoshimasa Ohnishi,

Yoshikazu Ohtani, Mikio Murozono

Journal of Physics: Conference Series Vol.352, pp.012023-1-5 (2012)

Microstructures of spherical silicon solar cells were investigated by transmission electron
microscopy and X-ray diffraction. Optical absorption and photoluminescence of the solar cells
were also measured by UV-visible and fluorescence spectroscopy. F-doped SnO:z anti-reflection
coating layers were investigated by XRD, and the nanostructures and grain sizes were
determined. The present work indicated a guideline for spherical silicon solar cells with higher

efficiencies.

Fabrication and Characterization of CuO/ZnO Solar Cells
Hiroki Kidowaki, Takeo Oku, Tsuyoshi Akiyama
Journal of Physics: Conference Series Vol.352, pp.012022-1-5 (2012)
Cuprous oxide (CuO) and zinc oxide (ZnO) heterojunction solar cells fabricated on indium tin
oxide-coated glass were studied. CuO and ZnO films were deposited using a galvanostatic method.
Structural, morphological and optoelectronic properties of the CuO/ZnO heterojunction were
studied by wusing X-ray diffraction, atomic force microscopy and light current-voltage

characteristics.

Electrochemical Modulation of the Optical Property of Polythiophene-Gold
Nanorod Composite Films
Kosuke Sugawa, Tsuyoshi Akiyama, Sunao Yamada
Molecular Crystals and Liquid Crystals, Vol. 539, pp. 341-344 (2011)
In order to electrochemically modulate the optical property of transparent films, we have
fabricated composite films consisting of gold nanorods having strong absorption bands in near
infrared region and polythiophene exhibiting electrochemical activity. On applying
electrochemical potentials of 800 and 0 mV repeatedly, the plasmon band showed irreversible but

consecutive changes due to the proceeding of aggregation of the nanorods in the film, while the
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absorption of polythiophene around 540 nm changed reversibly. It was found the composite film
could electrochemically modulate the color of the film, by utilizing the aggregation of gold

nanorods in the electrochemically reversible polythiophene film.

Effects of Capping Layers on the Photoelectrochemical Property of Silver
Nanoparticle-Modified Indium-Tin-Oxide Electrode
Ken-ichi Matsuoka, Hironobu Tahara, Tsuyoshi Akiyama, Sunao Yamada
Journal of Photochemistry and Photobiology A: Chemistry, Vol. 221, pp. 239-243 (2011)
Photoelectrochemical properties of indium—tin-oxide (ITO) substrate modified with silver
nanoparticles (AgNPs) and effects of surface capping layer of AgNP were investigated in the
water/acetonitrile (H20/MeCN) electrolyte solutions with the presence of oxygen as an electron
acceptor. The modified ITO substrate showed photocurrent response mainly driven by the
photoinduced electron transfer from ITO substrate to AgNPs. In addition, its
photoelectrochemical property significantly depended on the solvent composition of electrolyte
solution which was in correlation with surface status of AgNPs. Combination of
photoelectrochemical measurements and spectroscopic analysis suggested that presence of
considerable amount of MeCN in the electrolyte solution triggered partial displacement of

capping citrate ions to activate photocurrent generation.

Effects of Film Thickness on the Photocurrent Generation from
Polythiophene—Fullerene Thin Films Containing Silver Nanoparticles

Jing You, Yukina Takahashi, Hiroaki Yonemura, Tsuyoshi Akiyama, and Sunao Yamada

Japanese Journal of Applied Physics, Vol. 51, pp. 02BK04 (4pages) (2012)

We have investigated the incident-photon-to-current conversion efficiency (IPCE) of thin
films of poly (3-hexylthiophene) (P3HT) and [6,6]-phenyl-C61 -butyric acid methylester (PCBM)
as a function of film thickness, in the presence or absence of silver nanoparticles (AgPs) between
the films and the indium—tin-oxide (ITO) electrode. The thickness of the film was evaluated by
atomic force microscopy. The absorption and photocurrent action spectra of the films were
measured to investigate the effect of the thickness of the PSHT:PCBM film. The results show that
IPCE increased steeply in thinner films and the optimal range of thicknesses of the PSHT:PCBM
film was 50-120 nm. In this optimal range, the IPCEs were 1.5-1.8 times larger in the presence
of AgPs.

Photocurrent Enhancement Tuned with Plasmonic Resonance in Self-Assembled
Monolayers Fabricated on Regularly Arrayed Gold Nanostructures
Kosuke Sugawa, Shuichi Hirono, Tsuyoshi Akiyama and Sunao Yamada
Photochemical & Photobilogical Sciences, Vol. 11, pp. 318-322 (2012)
We investigated the enhancement properties of the photocurrent generation from
self-assembled monolayers of porphyrin fabricated on periodic structures of gold half-shells.
Tuning the surface plasmon frequency of the nanostructures led to correlated wavelength
dependences of the external quantum efficiencies of the photocurrents, as well as fluorescence

intensities resulting from effective electronic excitation of porphyrin molecules.
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Magnetic Properties of the Fell Spin Crossover Complex in Emulsion
Polymerization of Trifluoroethylmethacrylate using Poly (vinyl alcohol)
Atsushi Suzuki, Motoi Iguchi, Takeo Oku, Motoyasu Fujiwara
J. Solid State Chem. Vol.183, pp. 951-956 (2010)
Influence of chemical substitution in the Fell spin crossover complex on magnetic properties
in emulsion polymerization of trifluoroethylmethacrylate using poly (vinyl alcohol) as a protective
colloid was investigated near its high spin/low spin (HS/LS) phase transition. The obvious
bi-stability of the HS/LLS phase transition was considered by the identification of multiple spin
states between the quintet (S=2) states to single state (S=0) across the excited triplet state (S=1).
Magnetic parameters of gradual shifts of anisotropy g-tensor supported by the molecular
distortion of the spin crossover complex would arise from a Jahn-Teller effect regarding ligand
field theory on the basis of a B3LYP density functional theory using electron spin resonance

(ESR) spectrum and X-ray powder diffraction.

Electronic Structure and Magnetic Properties of 14N@Csp within Single-Walled
Carbon Nanotube as Peapods
Atsushi Suzuki, Takeo Oku, Kenji Kikuchi
Physica B Vol.405, pp. 2418-2422 (2010)
Design of spin labels inside for possible molecular spintronics, which contains 1D spin chain
filling single-walled carbon nanotube (SWCNT) with magnetic endohedral fullerenes of “N@Ceo,
has been suggested. Electronic structure and magnetic properties of 4N@Ce-SWCNT armchair
for chiral index (n, n) n=9-13 in contrast with SWCNT and “N@Ceo were characterized. Especially,
influence of the SWCNT diameter on electronic structure, magnetic parameters of chemical shift
of 13C, principal g-tensor and hyperfine coupling constant of nitrogen atom was investigated by

ab-initio density functional theory.

Fabrication and Characterization of Ceo/Tetrathiafulvalene Solar Cells
Atsushi Suzuki, Kei Inoue, Katsuya Yano, Takeo Oku, Kenji Kikuchi

Journal of Physics and Chemistry of Solids Vol.71, pp. 1587-1591 (2010)
Fabrication and characterization of Ceo/tetrathiafulvalene solar cells was carried out.
Photovoltaic properties of bulk-hetero and heterojunciotn solar cells were investigated by
light-induced current vs. voltage curves and optical absorption. Transmission electron microscopy
(TEM) image, X-ray and electron diffraction showed that the bulk-heterojunction film had the
microstructure of Ceo crystal structure with TTF phase. Heat treatment of the heterojunction film
with tetraethylsilane improved the photovoltaic performance, yielding a slight increase of
conversion efficiency. This result would be originated in improvement of microstructure around
inner interface between the both crystal phases. Mechanisms of the photovoltaic properties were

discussed on the basis of the experimental results.

Fabrication and Characterization of Porphyrin Dye-Sensitized Solar cells
Atsushi Suzuki, Kengo Kobayashi, Takeo Oku, Kenji Kikuchi
Mater. Chem. Phys. Vol.129, pp. 236-241 (2011)
Solid dye-sensitized solar cells of porphyrin adsorbed on TiO:z particles with iodine have been
fabricated and characterized. Influence of the porphyrin in the dye-sensitized solar cells on

photovoltaic properties was investigated by experimental results. Microstructure and X-ray
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diffractions suggested that TiO2 molecules were ordered to form the tetragonal crystal. A slight
amount of the crystal disorder caused to inhibit carrier diffusion with recombination at interface
between TiO2 and amorphous porphyrin. Photovoltaic mechanism of the solar cells was discussed

by the experimental results using quantum calculation.

Fabrication and Characterization of Fullerene / Dibenzotetrathiafulvalene Solar
Cells
Atsushi Suzuki, Katsuya Yano, Takeo Oku
Materials Science Forum Vol.688, pp. 80-84 (2011)
Fabrication and characterization of fullerene (Ceo) / dibenzotetrathiafulvalene (DBTTF) solar
cells were carried out. Photovoltaic and optical properties of the organic solar cells were
investigated. Transmission electron microscopy, x-ray and electron diffraction confirmed that the
bulk heterojunction thin films had microstructure of Ceo crystal phase in DBTTF amorphous
phase. The photovoltaic performance of the bulk heterojunction solar cell would be originated in
the extent of electron diffusion across interface around the microstructure. Photovoltaic

mechanism was discussed on the basis of experimental results.

Geometrical effects of (14N@Ceo)2, 1“N@Ceo and CsoN Endohedral Fullerenes
within Single-Walled Carbon Nanotube as Peapods on Electronic Structure and
Magnetic Properties
Atsushi Suzuki, Takeo Oku
Physica B Vol.406, pp. 3274-3278 (2011)
Design of spin labels inside for possible molecular spintronics, which contains of 1D spin
chain filling single-walled carbon nanotube (SWCNT) with magnetic endohedral fullerenes of
(1*N@Ce0)2, 1*“N@Ceo and CssN has been proposed. Electronic structure and magnetic properties of
(1UN@Ce0)2-SWCNT, 1“N@Ceo-SWCNT, 14N@Ceo and CsoN were characterized. Geometrical effect of
(1N@Ceo)2. “N@Ceo and Cs9N within SWCNT on chemical shift of 13C, principal g-tensor, A-tensor
in hfc of nitrogen atom and excited state transition was investigated by ab-initio density
functional theory. The magnetic properties would be originated in the spin density distribution
with m-electron interaction between encapsulated fullerenes and inner surface on SWCNT and

extent of charge transfer.

Electronic Structure and Magnetic Properties of 31P@Cgo-SWCNT as Peapods
Atsushi Suzuki, Takeo Oku
Journal of Physics : Conference Series, Vol.352, pp. 012012-1-8 (2012)
Design of the NMR quantum computer of 1D spin chains based on 31P@Ce-SWCNT as
peapods was studied. Electronic structure and magnetic properties of 3'P@Ceso encapsulating
fullerenes within SWCNT as peapods was investigated by quantum chemical calculation.
Characterization of chemical shifts of 13C, principle g-tensor and A-tensor of hyperfine structure
for phosphorus atom with electronic spin S=3/2 and nuclear spin /=1/2 were studied. The excited
energy and wavelength at 1512 nm and 728nm confirmed assignment of the first and second
states as van Hove transitions. Molecular design of carbon peapods is important to control
quantum spin qubits, splitting by spin-local interaction and dipole-dipole interaction based on
prorbital spin density distribution under hybrization of molecular orbital at excited state and

grand state.
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The anode performance of the hard carbon for the Li ion battery derived from the
oxygen-containing aromatic precursors
Hiroyuki Fujimoto, Katsuhisa Tokumitsu, Akihiro Mabuchi, Natarajan Chinnasamy
Journal of Power Sources, Vol. 195, No.21, pp.7452-7456 (2010)
The hard carbon is attractive for the Li ion secondary battery because of its higher capacity
than the theoretical value of 372 Ah kg! based on the composition of stage 1 Li-intercalated
graphite, LiC6. However, the structure of hard carbon as an anode has not been optimized and
the reaction mechanism also has not been clarified in detail. In the present study, the structure of
hard carbon derived from oxygen-containing coal tar pitch was investigated by X-ray diffraction,
small angle scattering and density measurement, and the relationship between the structure of

hard carbon and its anode performance was discussed.
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7Li nuclear magnetic resonance studies of hard carbon and graphite/hard carbon
hybrid anode for Li ion battery,
Hiroyuki Fujimoto, Akihiro Mabuchi, Katsuhisa Tokumitsu, Natarajan Chinnasamy,
Takahiro Kasuh
Journal of Power Sources, Vol.196, No.3, pp.1365-1370 (2011)
The hard carbon is attractive for the Li ion battery because of its higher capacity than the
theoretical value of 372 Ah kg~! based on the composition of stage 1 Li-intercalated graphite, LiCs.
However, since the Li-doping reaction occurs at the potential of around 0 V versus Li/Li*
reference electrode, it is often pointed out the possibility of Li metal deposition on the surface of
anode. From the viewpoint of the safety, it may be a moot point. In the present study, 7Li NMR
measurement was performed to estimate the degree of Li metal deposition on the surface of
graphite and hard carbon anode. As a result, it is clarified that the Li metal deposition does not
occur up to 110% over-discharge of the reversible capacity of hard carbon, whereas in the case of
graphite anode, Li metal deposition occurred above 105% over-discharge of the capacity. From the

Li NMR spectroscopy, the safety limit of hard carbon is rather superior to that of graphite.
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Mechanical properties and morphological changes of poly(lactic acid)/
polycarbonate/poly(butylene adipate-co-terephthalate) blend through reactive
processing
Takeshi Kanzawa, Katsuhisa Tokumitsu
Journal of Applied Polymer Science, Vol.121, No.3, pp.2908-2918 (2011)
The mechanical properties and morphological change of poly(lactic acid) (PLA), polycarbonate
(PC) and poly(butylene adipate-coterephthalate) (PBAT) polymer blends were investigated.
Several types of blend samples were prepared by reactive processing (RP) with a twin-screw
extruder using dicumyl peroxide (DCP) as a radical initiator. Dynamic mechanical analyses
(DMA) of binary polymer blends of PC/PBAT indicated that each component was miscible over a
wide range of PC/PBAT mixing ratios. DMA of PLA/PBAT/PC ternary blends revealed that PBAT
is miscible with PC even in the case of ternary blend system and the miscibility of PLA and PBAT
can also be modified through RP. As a result, the tensile strain and impact strength of the ternary
blends was increased considerably through RP, especially for PLA/PBAT/PC=42/18/40 (wt/wt/wt)
with DCP (0.3 phr). Scanning electron microscopy (SEM) analysis of the PLA/PBAT/PC blends
revealed many small spherical island phases with a domain size of approximately 0.05—-1 um for

RP, whereas it was approximately 10 pm without RP.
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In the automobile industry, getting out of the structure which is depending on oil is a
problem concerning not only an energy field such as the fuels, but also some parts of a vehicle. We
have developed a practical molding method for converting rice husks united with poly vinyl
alcohol into component of a vehicle. This component of mold piece is the porous structure with
continuous pore, which is useful for sound absorbing and environment-friendly material that has
biodegradable performance. The new component was evaluated for its performance of noise
reducing effect and crash energy absorption effect in a vehicle. As a result, it was shown that
physical properties of rice husks molding compare favorably with those of plastic foam molding.
Although some problems for commercialization have been left, it has been understood that this

method is efficient measures to realize the advanced low carbonization society.
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Melt Electrospinning by Cylinder Heating Method
Yoshihiro Yamashita, Katsuhisa Tokumitsu, Hiroshi Shibata, Hajime Miyake

Trans Mater Res Soc Jpn ,Vol.37, No.1, pp.61-64 (2012.03)
Melt electrospinning using a heating-element molding device with polypropylene (PP) has
already been discussed by Dalton!® and Maruyamal?V12), et al., attempted the fabrication of
nanofiber through melt electrospinning using isotactic polypropylenes (I-PP) of an average
molecular weight of 12,000 and atactic polypropylenes (A-PP) of an average molecular weight of
19,600. When they produced fiber at a distance of 2cm between the nozzle and the target with a
heating temperature of 180°C and an applied voltage of 12kV, the I-PP fiber crystallized at a
degree of 36% with fiber diameters of 7pum, while the A-PP fiber crystallized at a degree of 4%
with fiber diameters of 40pm. Electrospinning becomes possible owing to the fact that the melted
shear viscosity 7 of this polymer is in the vicinity of 10,000Pa. Fig. 1 shows the relation between
the melted viscosity and the melt temperature of typical polymers!®. Thus, PP is a polymer
suitable for research of melt electrospinning. Although the spinning method employed herein was
identical to that in Maruyama, et. al., we examined the special properties of nanofibers produced
through the latest heating-type melt electrospinning device whose amount of extrusion is strictly
controlled. Melt electrospinning was achieved by improving a general-purpose melt-spinning
device. The possibility of the melt electrospinning was clarified by this research. The amount of
the polymer release of the device has been adjusted to 0.4-0.6ml/hr with six nozzles. Nozzle was
applied in the earth and a high voltage of the plus was applied by the collector. Fiber diameter
becomes thin so that fiber melting temperature was low. On the other hand, the crystallinity of
the nanofiber showed a maximum at spinning temperature of 250°C. There is large distribution to
provided fiber diameter. It seems that the cause depends on inhomogeneity of the miniaturization

by the electrostatic repulsion.

PET 7 4 /W DDA T ARRBIREE % C D J)5-288) & BUUNE D F FRE R RHT
FEHEDR, ASPdE—, BRF, ILTEE, KA
H A 2200 U A fR, 78 %% 785 75, 81~94 H (2012)
Finite element analysis has been performed based on a mechanical model proposed here to
interpret the experimental data of stress-strain curves and thermal shrinkage behavior of
poly(ethylene terephthalate) (PET) films observed in the temperature region near the glass
transition point. The proposed mechanical model consists of a parallel array of hyper-elastic
element and plastic deformation element. The former element was introduced to explain the
thermal shrinkage above the glass transition temperature and the latter element was required to
explain the permanent strain detected for the oriented PET sample. The numerical calculation
was performed to give a good reproduction of the experimental data on the basis of explicit finite

element method.
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Investigation of Temperature-Swing Adsorption of Aromatic Compounds in
Water Using Polyampholyte Gels with Hydrophilic Nonionic Groups
Shintaro Morisada, Hiroko Suzuki, Yoshitsugu Hirokawa, Yoshio Nakano
Journal of Applied Polymer Science, Vol. 119, pp. 2968-2973 (2011)
The adsorption and desorption behaviors of bisphenol-A in water have been studied using the
temperature-responsive polyampholyte gels composed of sodium styrene sulfate (SSS),
vinylbenzyl trimethylammonium chloride (VBTA), and A, N-dimethylacrylamide (DMAA). The
resultant behaviors of the SSS-VBTA-DMAA gels of three different monomer compositions are
compared with those of the SSS-VBTA gel that can adsorb bisphenol-A at room temperature and
desorb the pre-adsorbed bisphenol-A at higher temperature as in our previous report (Morisada et
al., Adsorption 2008, 14, 621), to elucidate the effect of DMAA on the adsorption property of the
polyampholyte gel. The adsorption isotherms, which were described by Henry's law, indicated
that the adsorption amounts of bisphenol-A onto the SSS-VBTA-DMAA gels at 298 K are much
larger than those at 353 K. At 298 K, the Henry's adsorption constant for the SSS-VBTA-DMAA
gel with the lowest mole fraction of DMAA was larger than that for the SSS-VBTA gel, whereas a
further increase in the DMAA mole fraction resulted in a decrease in the adsorption constant.
Moreover, the temperature-swing adsorption experiments demonstrated that the
SSS-VBTA-DMAA gel can repeatedly adsorb bisphenol-A at 298 K and desorb some of the
pre-adsorbed bisphenol-A at 353 K, where the desorption amount of bisphenol-A is larger than
that from the SSS-VBTA gel. The results obtained here show that the addition of DMAA to the
SSS-VBTA gel slightly improves the performance of the gel as a temperature-responsive

adsorbent.

Temperature-Swing Adsorption of Proteins in Water Using Cationic
Copolymer-Grafted Silica Particles
Shintaro Morisada, Ken-ichiro Namazuda, Shitoka Suzuki, Noriko Kikuchi, Haruka Kanda,
Yoshitsugu Hirokawa, Yoshio Nakano
Ind. Eng. Chem. Res., Vol. 50, pp. 12358-12365 (2011)
We have prepared silica particles grafted with poly(MN-isopropylacrylamide) (PNIPA)
copolymers as adsorbent for the temperature-swing adsorption of bovine serum albumin (BSA) in
water, where vinylbenzyl trimethylammonium chloride (VBTA), 2-(dimethylamino)ethyl
methacrylate (DMAEMA), or N, N-dimethylacrylamide (DMAA) was employed as a comonomer.
The surface potentials of PNIPA-grafted and P(NIPA-co-DMAA)-grafted silica particles in water
at 298 and 313 K were negative, while those of P(NIPA-co-VBTA)-grafted silica particle were
positive, because VBTA is a quaternary ammonium salt and positively charged in aqueous
solutions. As for the P(NIPA-co-DMAEMA)-grafted silica particle, the surface potential changed
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from positive to near zero with increasing temperature from 298 K to 313 K. This may be because
the coil-to-globule transition of grafted copolymers leads to the dehydration and deprotonation of
DMAEMA group, which is a tertiary amine and can be positively charged only in the aqueous
phase. Although PNIPA-grafted and P(NIPA-co-DMAA)-grafted silica particles failed to adsorb
BSA, P(NIPA-co-VBTA)-grafted and P(NIPA-co-DMAEMA)-grafted silica particles adsorbed BSA,
indicating that BSA is adsorbed by the electrostatic attraction between the negatively charged
BSA and the positively charged copolymers on the silica surface. Moreover,
P(NIPA-co-VBTA)-grafted and P(NIPA-co-DMAEMA)-grafted silica particles repeatedly adsorbed
BSA at 298 K and desorbed some of the preadsorbed BSA at 313 K via the temperature-swing
operation. This BSA desorption may result from the decrease in the number of the positively
charged groups accessible to BSA due to the coil-to-globule transition of the grafted copolymers

with increasing temperature.
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Diblock/Triblock Structural Transition and Sol-Gel Transition of Peptide/PEG
Diblock Copolymer Having a Terminal Terpyridine Group Induced by
Complexation with Metal Ion
Satoshi Tanimoto, Yasushi Nakamura, Hitoshi Yamaoka, Yoshitsugu Hirokawa
Int. J. Polym. Sci., Vol. 2010, Article ID 294790, 6 pages (2010) doi:10.1155/2010/294790.
Terpyridine-polyethyleneglycol-block-polyleucine block copolymer (tpy-PEG-PLeu) was
synthesized by a ring-opening polymerization of L-leucine [-carboxyanhydride. The copolymer
complexed with Fe2* ion and its aqueous solution showed a purple color as a result of the
complexation. This complexation caused the diblock/triblock structural transition of the
copolymer. The change of the aggregation behavior caused by the structural transition was
observed by a dynamic light scattering apparatus. The diblock tpy-PEG-PLeu copolymer formed a
micelle in the aqueous solution. On the other hand, the triblock-type copolymer, after the
complexation, formed the micelle structures and huge aggregates, which is considered to be a
network structure. The complexation of the diblock tpy-PEG-PLeu copolymer with Fe ion is

consequently considered to be a trigger of the gelation.
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Specific gold ion scavenger by means of sol-gel transition of peptide copolymer

Satoshi Tanimoto, Tohru Okunishi, Hitoshi Yamaoka, Yoshitsugu Hirokawa

Polymer Journal, Vol. 43, pp. 313-316 (2011); doi: 10.1038/pj.2010.138.

Novel procedure is proposed to recover noble metals by means of extraction of the metal ion
from a dilute aqueous solution to chloroform solution containing polyleucine-block-polyethylene
glycol-block-polyleucine followed by the separation of the chloroform gel phase induced by the
thermo-sensitive sol-gel transition. A characteristic specificity of the peptide copolymer gel for
Au3+ was found and number of capture-sites per one copolymer chain and adsorption equilibrium
constants between the capture-site and one Au3* ion were evaluated, and then the capturing
mechanism was discussed. It was thus clarified that Au3* ion was captured by the amino group of
the chain end of the peptide copolymer and that the equilibrium constant of the binding was
larger than that of Pd2+* and Pt4* ions.

Selective Single Monomer Addition in Living Cationic Polymerization: Sequential
Double End-Functionalization in Combination with Capping Agent
Shohei Ida, Takaya Terashima, Makoto Ouchi, and Mitsuo Sawamoto
Journal of Polymer Science Part A: Polymer Chemistry
Vol. 48, pp.3375-3381 (2010)
Amine-functionalized and amine—carboxylate double-functionalized polymers (I and II,
respectively) have been synthesized by a selective single addition of a protected 2-aminoethyl
vinyl ether (BocVE) {CH:=CH[OCH2CH:N(Boc)2l; Boc = #butoxycarbonyl} onto a living cationic
poly(z-butyl vinyl ether) [poly(NBVE)] initiated with the SnCls/n-BusNCl system: (I) -(NBVE)n—
CH:CH(OCH:CH:NH2)-H; (II) —(NBVE),—CH:CH(OCH2CH:2NH2)-CH2CO:zH. The single
addition was examined with a set of alkene monomers less reactive than NBVE, including BocVE,
2-chloroethyl vinyl ether, 2-vinyloxyethylphtalimide, and styrene (St). Upon addition of 10
molar excess of these alkenes onto the living ends, only BocVE led to the intended single adduct,
and this was attributed to a chelating interaction of the two carboxylate groups in the terminal
BocVE unit with the growing poly(NBVE) terminal, thus sterically hampering further
propagation. A simple acid-catalyzed Boc-deprotection led to the amino-functionalized version I.
Alternatively, an additional quenching the BocVE-capped living end (the precursor of I) with
sodium malonate, followed by double deprotection of the Boc and the malonate groups gave the
double-functionalized version II. The selective addition of a single monomer molecule is thus a
new method for addressable or site-specific introduction of functional groups along polymer

chains.

Template-Assisted Selective Radical Addition toward Sequence Regulated
Polymerization: Lariat Capture of Target Monomer by Template Initiator
Shohei Ida, Makoto Ouchi, Mitsuo Sawamoto
Journal of American Chemical Society, Vol. 132, pp.14748-14750 (2010)
Surprisingly high monomer selectivity was demonstrated in competitive radical addition with
two kinds of methacrylates carrying sodium and ammonium cation. Crucial is size-specific
recognition by lariat crown ether, embedded close to reactive halide in a designer template
initiator. Especially, a combination with active ruthenium catalyst led to outstanding selectivity
at low temperature. This template system will open the way to unprecedented

sequence-regulated polymerization.
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Designer Template Initiator for Sequence Regulated Polymerization: Systems
Design for Substrate-Selective Metal-Catalyzed Radical Addition and Living
Radical Polymerization
Shohei Ida, Makoto Ouchi, Mitsuo Sawamoto
Macromolecular Rapid Communication, Vol. 32, pp.209-214 (2011)
"Template initiator" platforms (1) have been designed for expressing the sequence
information in a template in radical polymerization. Thus, we demonstrated the structural
adequacy of 1 consisting of two initiating sites placed ortho to each other in benzene: one for
living cationic polymerization to introduce a template carrying substrate-recognition tags, and the
other for metal-catalyzed living radical polymerization to achieve sequence regulation. For
example, for two positional isomers with an amine template for an acid monomer, only the ortho
initiator induced selective radical addition of MAA (recognizable) over MMA (non-recognizable).
Another version was an oligo(vinyl ether) with a multiple amine template, which demonstrated

template effects for MAA recognition over BzZMA in copolymerization.

Occurrence and Production of Poly-Epsilon-L-Lysine in Microorganisms
Munenori Takehara, Hideo Hirohara

Microbiology Monographs, Vol. 15, pp. 1-22 (2010)
This chapter addresses the occurrence and production of poly-g-L-lysine (¢-PL) in filamentous
bacteria from the family Streptomycetaceae and ergot fungi, especially in the genus Streptomyces.
The presence of &-PL, first discovered from a strain among 2,000 actinomycetes, was found quite
frequently in various strains of Streptomyces by novel screening methods, including the two-stage
culture of cell growth and &-PL production cultures. Using the newly-isolated producer strains of
Streptomyces, their production behaviors were studied not only in terms of the time course of
several production factors and effect of culture medium components, but also other aspects of the
release of synthesized ¢-PL into the culture broth and of the simultaneous development of &-PL
hydrolase activity with the &-PL-producing machinery. The e-PLs obtained were evaluated
structurally. The results revealed that the polymers had a nearly monodispersed structure, and
could be classified into five groups based on their chain lengths. The cell density-dependent
control of the production of &-PL, the chain length shortening by aliphatic hydroxy-compounds,

and the coproduction of novel amino acid homopolymers with -PL are also discussed.

High-yield Production of Short Chain Length Poly(e-L-lysine) Consisting of 5-20
Residues by Streptomyces aureofaciens, and Its Antimicrobial Activity
Munenori Takehara, Atsushi Hibino, Masayuki Saimura, Hideo Hirohara
Biotechnology Letters, Vol. 32, pp. 1299-1303 (2010)
Poly(e-L-lysine) (¢-PL) is a naturally-occurring L-lysine homopolymer having antimicrobial
activity. A newly-isolated strain of Streptomyces aureofaciens produced a short chain length ¢-PL
consisting of 5-20 residues at the highest production level of 4.5 g 1-1. This ¢-PL had different
spectra in terms of antimicrobial activity from the ¢-PL that is now used as a food preservative.
The high productivity was based on multiple metabolic pathways for L-lysine synthesis, and a
great flux from L-lysine to &€-PL. The usefulness of this new ¢-PL and its producing strain was

discussed.
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Simultaneous Measurements of Velocity and Scalar Fields in a Turbulent Jet
Using PIV and LIF
Hiroshi Kawanabe, Chihiro Kondo, Seiya Kohori and Masahiro Shioji
Journal of Environment and Engineering , Vol.5, No.2, pp.231-239(2010)
Distributions of velocity and concentration of turbulent gas jets, ranging from helium to
carbon dioxide, with various densities with respect to ambient air are measured using particle
image velocimetry and laser-induced fluorescence methods. The turbulent transport of the nozzle
fluid is directly investigated to analyze the distributions of nozzle-fluid concentration and its
vortex motion. The results indicate that self-similarity exists between profiles of scalar flux and
Reynolds stress along the radial direction. Furthermore, several sub-grid scale scalar-flux models
for large eddy simulation are discussed. Based on the scattering plots of the model values of
sub-grid scale scalar flux with respect to the measured values, the characteristics of each model
are similar for all of the density conditions. In addition, the Favre-averaged scale similarity model

performs well for a wide range of densities.
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Regression Equations for Predicting the Cetane Number of Biodiesel Fuel Based
on Fuel Composition and Properties
Kiyoshi Kawasaki, Koji Yamane and Tatsuro Ikawa
SAE Tech. Paper Series, No.2011-01-1941, pp.1234-1239(2011)
This study derives regression equations for predicting the cetane number of biodiesel fuels
based on chemical analysis data. For conducting the regression analysis, 34 fuel samples with a
wide variety of ignition qualities were made by mixing five kinds of biodiesels and five kinds of
fatty acid methyl ester (FAME) reagents. The relationship between the cetane number, measured
in a constant-volume combustion chamber, and fuel properties such as iodine value,
saponification number, and boiling point, was investigated. Based on the results, four regression
equations were proposed and their accuracies were compared. The results show that the
regression equation based on fuel composition gives a cetane number with high accuracy, whereas

it can be only be approximately predicted from the iodine value.
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Deposit formation in a diesel engine fueled with SVO and its effect on engine
performance

Kiyoshi KAWASAKI, Koji YAMANE, Keita MORI, Masahiro ITO, Chihiro KONDO

Proc. in The 16th Pacific Automotive Engineering Conference,

pp.1-8, SAE 2011-28-0016(2011)

This study focuses on deposit formation in a diesel engine fueled with straight vegetable oil

(SVO) and its effects on engine performance and exhaust emissions. First, two-dimensional

thickness distributions of the carbon deposits on the cylinder head were measured by a laser

displacement meter after continuous engine operation on gas oil blended with SVO at 25%. The

obtained results show that the carbon deposit thickness rapidly increases with SVO-blended fuel

and reaches a higher level than with just gas oil. Second, the effects of fuel injector deposits on

engine performance and emissions were examined. A small diesel engine was continuously
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operated by alternating between SVO and gas oil. Gas oil was injected for 1 hour before and after
6 hours of SVO operation to prevent the accumulation of SVO deposits inside the nozzle holes,
and the process was repeated. The experimental results of 32 hours of operation, which differed
from predictions, show that the fuel consumption and unburned emissions worsen sooner with
gas 01l/SVO/gas oil than with just SVO due to a decrease in the injection rate caused by deposits
in the nozzle holes.

The Effect of Fine Particles Added into Water on the Motion of Bubbles Rising
Helically
Hisato MINAGAWA and Takahiro YASUDA
Proceedings of the ASME/JSME 2011 8th Thermal
Engineering Joint Conference, AJTEC2011, Paper
No.AJTEC2011-44406 (2011)
LDV, PIV and some methods using ultrasonic sound have been often employed to measure
multiphase flows. Fine particles are usually added into flows as tracer or scattering particles. The
effect of particles added in on the flow characteristics is, however, not examined in detail. Because
multiphase flows, especially gas-liquid systems, have gas-liquid interfaces, where impurities are
known to aggregate, fine particles may aggregate in gas-liquid interfaces, and may affect the flow
situation. Therefore, we measured the movement of helically rising bubbles to investigate the
effect of fine particles mixed into the liquid phase. Polyethylene particles of 160um and 10.6um
medium diameters are used. The reductions of helical sizes and rising and moving velocities are

recognized by adding particles. The effect of particle size is also discussed.

Enhancement of Microbubble Generation in a Dissolution Process by Packing the
Nozzle with Porous Ceramics
Hiroshi YAMASHITA, Hideki AOYAGI and Hisato MINAGAWA
Water Science and Technology,
Vol.65, No.1, pp.69-75(2012)
The pressurized dissolution method is often used for microbubble generation. However, the
main disadvantage of this method is that a large amount of energy (more than 0.3 MPa) is
required to generate many microbubbles, each of which have a diameter of several dozen pum. To
overcome this problem, we investigated the effectiveness of porous ceramic when used as the
packing material in the pressurized dissolution method. The results showed that when compared
with the control (no porous ceramics), use of porous ceramics resulted in a 39% increase in the
number of microbubbles. Furthermore, when this system was used for the flotation separation of
artificial suspended solids and activated sludge, the level of separation achieved with porous
ceramics at 0.15 MPa was the same as that achieved using no porous ceramics at 0.25 MPa. It
was estimated that the use of porous ceramics led to a 40% reduction in the energy required for
the dissolved air flotation, with subsequent decreases in the operating cost.

An improved entropic lattice Boltzmann model for parallel computation
Takahiro Yasuda and Nobuyuki Satofuka
Computers and fluids, Vol.45 No.1, pp.187-190 (2011)
In this paper, we suggest two kinds of approximation methods based on Taylor series
expansion which can solve the non-linear equation in entropic lattice Boltzmann model
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without using any iteration methods such as Newton—Raphson method. The advantage of our
methods is to be able to avoid the load imbalance in parallel computation which occurs due to
the differences of iteration number on each calculation grid. In this study, ELBM simulations
using our methods were compared with those using Newton—Raphson method for the
channel flow past a square cylinder in Re = 1000 and the validity of the results and
computational effort were investigated. As a result, it was found that the solutions obtained
by our methods are qualitatively and quantitatively reasonable and CPU time is shorter
than those obtained by Newton—Raphson method.

Three-Dimensional Observations of Magnetic Flux Density around Fatigue
Crack Tips of Bearing Steels
Katsuyuki Kida, Edson Costa Santos, Takashi Honda, Hirotaka Tanabe
Proc. of SPIE - The International Society for Optical Engineering,
Vol. 7522, SPIE 7522-307, (2010)
Fatigue failure of steel occurs when small cracks form in a component and then continue to
grow to a size large enough to cause failure. In order to understand the strength of steel
components it is important to find these cracks. However, at present, it is not easy to distinguish
the cracks that will grow fast and cause failure. We developed a three-dimensional scanning Hall
probe microscope (3D-SHPM) and observed fatigue cracks at room temperature while they were
growing. Four-point-bending fatigue tests were carried out using pre-cracked specimens
(JIS-SUJ2, bearing steel). We observed the two-dimensional magnetic flux density distributions
around the crack tips and found that there is a strong correlation between the changes in the
magnetic flux densities and the crack growth. In order to understand this, we looked into all the
three components of the magnetic flux densities, and found that they shape an arched bridge
around a crack. We also found that the magnetic flux density moves in front of the crack tip along
the crack growth direction.

Changes in Magnetic Flux Density around Fatigue Crack Tips of Carbon Tool
Steels
Takashi Honda, Katsuyuki Kida, Edson Costa Santos and Hirotaka Tanabe
Proc. of SPIE-The International Society for Optical Engineering,
Vol. 7522, SPIE 7522-313, (2010)
Fatigue failure of steel occurs when small cracks form in a component and then continue to
grow to a size large enough to cause failure. In order to understand the strength of steel
components it is important to find the cracks which eventually grow to cause failures. However,
at present, it is not easy to distinguish, in the early stages of growth, the cracks which will grow
fast and cause failure. We hypothesized that it may be possible to distinguish them by comparing
changes in the magnetic flux density around the tips of those cracks that grew large enough to
cause failure. In order tomeasure these changes in magnetic flux density, we developed a
scanning Hall probe microscope and observed the fatigue cracks growing from artificial slits in
carbon tool steels (JIS SKS93). We also compared the changes in magnetic flux density around
crack tips which grew under different loads and found that there is a strong correlation between
the magnetic flux density, crack growth and stress intensity factors. In order to understand this
relation, we measured the changes in the magnetic flux density and residual tensile stress by
using an X-ray system, and found that the magnetic flux density changes not only in the plastic
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deformation area but also in the area of elastic stress field with increased stress.

Observation of Cracks in Medium Carbon Low Alloy Steel with Scanning Hall
Probe Microscope
Katsuyuki Kida, Edson Costa Santos, Takasi Honda, Hitonobu Koike, Justyna Anna
Rozwadowska, Keisuke Houri, Megumi Uryu and Hiritaka Tanabe
Proc. New Methods of Damage and
Failure Analysis of Structural Parts

Fatigue failure of steel occurs when small cracks form in a component and then continue to
grow to a size large enough to cause failure. In order to understand the strength of steel
components it is important to find these cracks. However, at present, it is not easy to determine
which cracks will grow large enough to cause failure. We developed a scanning Hall probe
microscope (SHPM) using GaAs films and observed fatigue cracks at room temperature while
they were growing. In this paper, we reported the observation of magnetic flux densities in
medium carbon low alloy steel (JIS S45C, 0.45% wt. carbon). Four-point-bending fatigue tests
were carried out using pre-cracked (slit) specimens. We observed the three-dimensional magnetic

flux density distribution around the crack tips at the early stage of crack growth.

Effects of Magnetizations on Three Dimensional Magnetic Flux Density of

Pre-Cracked Medium Carbon Low Alloy Steel (JIS, S45C)
Katsuyuki Kida, Edson Costa Santos, Takashi Honda, Hitonobu Koike, Justyna
Rozwadowska, Megumi Uryu, Keisuke Houri, Hirotaka Tanabe
Journal of Applied Mechanics and Materials, vol.83, pp.230-236, (2011)

Fatigue failure of steel occurs when cracks form in a component and continue to grow to a size
large enough to cause rupture. In order to understand the crack initiation and propagation
phenomena, non-destructive evaluation methods that can be correlated to in-situ measurements
around the crack tips are necessary. In the present work, we developed a scanning Hall probe
microscope (SHPM) equipped in a GaAs film sensor to observe fatigue cracks at room
temperature in air while they were growing. Medium carbon low alloy steels specimens (JIS
S45C) were used in the experiments. Only the area around the crack tip was magnetized and the

changes at the crack tips were observed.

Observation of Magnetic Flux Density Distribution around Fatigue Crack and
Application to Non-Destructive Evaluation of Stress Intensity Factor
Hirotaka Tanabe, Katsuyuki Kida, Tohru Takamatsu, Naoki. Itoh, Edson Costa Santos
Procedia Engineering, Vol. 10, pp.881-886, (2011)
In order to develop a new technique to evaluate fatigue damage non-destructively based on
magnetic information, changes in the magnetic flux density around fatigue cracks during their
propagation process were observed. The correlation between the change behavior of the
distribution of the magnetic flux density and the stress intensity factor was examined. Four-point
bending fatigue tests were carried out under six different conditions on JIS SCM440 steel
specimens with an artificial slit. Magnetic flux density distributions near the fatigue crack tips

were observed using a newly developed apparatus consisting of an MI sensor
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(Magneto-Impedance sensor) and an x-y stage. It was found that the distribution of magnetic flux
density moved with crack propagation. A strong correlation between the movements of the
magnetic flux density distribution and stress intensity factor was recognized, egardless of the
loading conditions, maximum load or stress ratio. The results suggest that non-destructive

evaluation of the stress intensity factor of fatigue cracks would be possible using this relationship.

The influence of stress ratio on changes in magnetic flux density around fatigue
crack tips of carbon tool steel
Takashi Honda, Katsuyuki Kida, Edson Costa Santos, Hitonobu Koike, Justyna
Rozwadowska, Megumi Uryu, Keisuke Houri, Hirotaka Tanabe
Journal of Applied Mechanics and Materials, vol.83, pp.210-215, (2011)

Fatigue failure of steel occurs when cracks form in a component and continue to grow to a size
large enough to cause fracture. In order to understand the strength of a steel component, it is
important to locate these cracks. We developed a scanning Hall probe microscope (SHPM),
equipped with GaAs film sensors to observe fatigue cracks at room temperature in air while they
were growing. In our previous works [1,2], the correlation between crack growth and magnetic
field in high carbon tool steels (JIS SKS93 and JIS SUJ2) were determined. We also reported the
sensitivity of the SHPM equipped with a three-dimensional line-probe that was developed to
decrease the sensor gaps. By using the line-probe sensor we succeeded to measure the magnetic
flux density distributions in very close proximity to the specimen’s surface. However, in order to
further understand the relation between magnetic flux density and crack growth, other
materials, microstructures and fatigue test conditions should be evaluated. In the present work,
we focus on the effect of stress ratios on the changes of the magnetic flux density in annealed

carbon tool steel.

Strengthening of Ceramic Coated Steel by Laser Quenching
Hirotaka Tanabe, Keiji Ogawa, Takuya Saraie, Mitsuhiro Gotoh, Hideki Hagino, Takuto
Yamaguchi
Applied Mechanics and Materials, Vol. 157, pp.175-180, (2012)

In order to investigate the effectiveness of laser quenching for ceramic coated steels, 2 kinds
of ceramic coated specimens of CrAIN and TiAIN were prepared, and the laser quenching
experiments under various irradiation conditions were carried out. The influence of laser
irradiation on the substrate hardness, film hardness and adhesive strength were investigated.
Because of the high heat absorption of CrAIN and TiAIN films when compared to TiN, it was
possible to quench the substrate effectively without any absorbent material for these specimens,
although an absorbent was required for TiN coated specimen. The quenched area on the cross
section of the substrate of CrAIN coated specimen was larger than that of TiAIN coated specimen.
The difference of the quenched area could be explained by the difference of the heat absorption of
these films. It was also possible to improve the adhesive strength of these films by laser
irradiation. Although the film hardness decreased considerably by furnace quenching for ceramic
coated steels, film hardness did not decrease by laser irradiation. It was concluded that the
improvement of the adhesive strength and substrate hardness without the decrease of film

hardness was achieved by laser quenching for CrAIN and TiAIN coated specimens.
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Correlation between Magnetic Flux Density and Crack Propagation in SAE
52100 Measured by Scanning Hall Probe Microscope with a Small-gap Probe
Edson Costa Santos, Katsuyuki Kida, Takashi Honda, Justyna Anna Rozwadowska, Keisuke
Houri, Hirotaka Tanabe
Proc. Processing and Fabrication of Advanced
Materials XIX, pp. 1541-1546, (2011)
In our previous work, we developed a scanning Hall probe microscope equipped with a GaAs
film sensor and observed the fatigue cracks growing from artificial slits in low hardness bearing
steels at room temperature in air. Using three uni-dimensional sensors in the microscope we
found that there is a strong correlation between the magnetic flux density and stress intensity
factors during crack growth. In this work, the magnetic flux density of low and high hardness
SAE 52100 measured by SHPM were compared. Artificial slits (tip diameter = 180 pm) were
made in each sample and four-point-bending fatigue tests were carried out at a constant
frequency of 30Hz, under a stress ratio (R) of 0.1, and under different maximum loads. The
influence of the fatigue tests on the magnetic flux density prior to and after crack initiation and
propagation was investigated. In this paper, we report the sensitivity of the SHPM with an
innovative type of line-probe developed for the purpose of measuring the changes of the three
dimensional magnetic flux densities around the early stages of fatigue crack growth in low and

high hardness steels.

Detection of Through-Deck Type Fatigue Cracks in Steel Deck by Self-reference
Lock-in Thermography

Yui Izumi, Takahide Sakagami, Shiro Kubo and Takashi Tamakoshi

Transactions of the Japan Society of Mechanical Engineers, A

Vol.76, No.766, pp.723-729, (2010)

A new remote nondestructive inspection technique, based on thermoelastic temperature
measurement by infrared thermography, is developed for detection and evaluation of fatigue
cracks propagating from welded joints in steel bridges. Fatigue cracks are detected from
localized high thermoelastic temperature change at crack tips due to stress singularity under
variable loading from traffics on the bridge. Self-reference lock-in data processing technique is
developed for the improvement of signal/noise ratio in the crack detection process. The
technique makes it possible to perform correlation processing without an external reference
signal. In this paper, self-reference lock-in thermography is applied for crack identification
based on the detection of the singular stress field in the vicinity of crack tips. Experiments are
conducted using steel deck specimen, which simulates an actual steel bridge using steel deck in
crack propagation test. It is found that significant stress concentration zone can be observed

near the crack front, which enabled us to detect through deck type fatigue cracks.
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Detection of Fatigue Cracks in Steel Bridges by Self - reference Lock - in
Thermography, Journal of Modern Optics
Yui Izumi, Takahide Sakagami, Naoya Mori, Shiro Kubo, Takashi Tamakoshi
Special Issue on Advanced Infrared Technology and Applications
Vol.57, pp.1747-1751, (2010)
A new remote nondestructive inspection technique that is based on thermoelastic temperature
measurement by infrared thermography was developed for the evaluation of fatigue cracks
propagated from welded joints in steel bridges. Fatigue cracks were detected from localized high
thermoelastic temperature changes observed at crack tips induced by stress singularity under
variable loading resulting from traffic on the bridge. A self-reference lock-in data processing
technique was developed for improving of the signal/noise ratio of the thermal images recorded in
the crack detection process. In this study, remote and nondestructive detection of fatigue cracks
in an actual steel bridge in service was performed by the self-reference lock-in thermography
method. The accuracy of this method was improved with a motion compensation technique.

Application of Infrared Thermography to Structural Integrity Evaluation of
Steel Bridges
Takahide Sakagami, Yui Izumi, Shiro Kubo
Special Issue on Advanced Infrared Technology and Applications
Vol.57, pp.1738-1746, (2010)
A new remote nondestructive evaluation technique, based on thermoelastic temperature
measurement by the infrared thermography, was developed for evaluation of fatigue cracks
propagated from welded joints in steel bridges. Fatigue cracks were detected from localized
thermoelastic temperature change at crack tips due to stress singularity under wheel loading
from traffics on the bridge. Self-reference lock-in data processing technique was developed for the
improvement of signal-to-noise ratio of the thermal images obtained in the crack detection
process. Thermoelastic stress analyses in the vicinity of crack tips were carried out, after the
crack detection process by the self-reference lock-in thermography. Stress distribution under
wheel loading by the traffic was measured by the infrared thermography. Stress intensity factors
were directly evaluated from measured stress distribution. It was found that these fracture
mechanics parameters can be evaluated in the reasonable accuracy by the proposed technique. It
gave us the guide for the assessment of the structural integrity based on the evaluated fracture
mechanics parameters. flux density distributions in very close proximity to the specimen’s
surface. However, in order to further understand the relation between magnetic flux density and
crack growth, other materials, microstructures and fatigue test conditions should be evaluated.
In the present work, we focus on the effect of stress ratios on the changes of the magnetic flux
density in annealed carbon tool steel.

Accuracy Improvement of Self-reference Lock-in Thermography Method and Its
Application to Detection of Fatigue Cracks in Steel Bridges
Yui Izumi, Takahide Sakagami, Shiro Kubo
Proc. of SPIE Vol.7661 (76610D-1), (2010)
A new remote nondestructive inspection technique, based on thermoelastic temperature
measurement by infrared thermography was developed for evaluation of fatigue cracks
propagated from welded joints in steel bridges. Fatigue cracks were detected from localized
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high thermoelastic temperature change observed at crack tips due to stress singularity under
variable loading by traffics on the bridge. Self-reference lock-in data processing technique was
developed for improvement of signal/noise ratio of the thermal images in the crack detection
process. The technique makes it possible to perform correlation processing without an external
reference signal under the random loading. In this paper, remote and nondestructive crack
detections by the self-reference lock-in thermography were performed for fatigue cracks in actual
steel bridge in service. Accuracy improvement of self-reference lock-in thermography method
was made by motion compensation technique based on the two-dimensional SSD (Square Sum of
Differences) parabola fitting method.

Development of Self-reference Lock-in Thermography and its Application to
Remote Nondestructive Inspection of Fatigue Cracks in Steel Bridges
Takahide Sakagami, Yui Izumi, Naoya Mori, Shiro Kubo

An International Journal on Quantitative Infrared Thermography,

Vol.7-N° 1/2010, pp.73- 84, (2010)

A new remote nondestructive evaluation technique, based on thermoelastic temperature
measurement by the infrared thermography, was developed for evaluation of fatigue cracks
propagated from welded joints in steel bridges. Fatigue cracks were detected from localized
thermoelastic temperature change at crack tips due to stress singularity under wheel loading
from traffics on the bridge. Self-reference lock-in data processing technique was developed for the
improvement of signal-to-noise ratio of the thermal images obtained in the crack detection process.
In this paper, experimental results of fatigue crack detection by the self-reference lock-in

thermography are reviewed.
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Separation and Transportation of Works Using Elliptical Vibration
(The Case of Vertical Vibration under the Jump Limit)
Yutaka KURITA, Yuichi MATSUMURA, Sayuri UMEZUKA and Junichi NAKAGAWA
Journal of Environment and Engineering,
Vol.5, No.2, pp.240-252 (2010)
Simultaneous separation and transportation of works with various coefficients of friction by
means of elliptical vibration was demonstrated. As for transportation by elliptical vibration,

works move right or left, or stop, according to the phase difference between the horizontal and
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vertical vibration. Since transportation characteristics change with coefficient of friction, works
with various coefficients of friction can be simultaneously separated and transported by
controlling the phase difference. Experimental results show, first, that works of the same shapes
and sizes can be separated according to the material they are composed of and, second, that plain
washers and electronic parts also can be separated according to the different shape of their face
and reverse sides. Moreover, the optimal driving conditions for separation were determined. That
is, the speed of separation and transportation is highest when the vertical vibration amplitude
was equal to the jump limit. In addition, the dispersion of transportation characteristics is

reduced when the horizontal vibration amplitude was increased.

Driving at Resonance Point of Multi-Degree-of-Freedom System
by Decentralized Control
(Experiment Using Five Carts Connected in Series by Four Springs)
Yutaka Kurita, Yasunori Oura, and Shigekatsu Matsuda
Proceedings of the 10th International Conference
on Motion and Vibration Control (2010)
We verified through experimentation on five carts connected in series by four springs that a
control method for always efficiently exciting a multi-degree-of- freedom system at a resonance
frequency. When an excitation point corresponds to a vibration detection point in a
multi-degree-of-freedom system, a phase lag at a given resonance frequency and the phase lead at
an anti-resonance frequency alternately appears in the vibration characteristics, and the phase
lag is 90° at all resonance frequencies. Therefore, if a controller with a 90° phase lag and a
constant gain in a wide frequency range is used, self-excited vibration is generated at all
resonance frequencies. The local feedback controller for each actuator consists of a self-excited
vibration controller that is the sum of the integral control of the displacement and the positive
velocity feedback control, a saturation element that limits excitation force, and a negative velocity
feedback controller that provides active damping. We used a four-degree-of-freedom system
consisting of five carts and four springs in our experiment. Four voice coil motors controlled by
the local feedback were used to generate self-excited vibration at all the resonance frequencies of
a four-degree-of-freedom system. The self-excited vibration mode can be freely switched on by
changing the frequency of the sine wave that is added as an electric disturbance. A system using
many actuators with local feedback control, i.e., decentralized control, driven at a resonance point
with a natural frequency is excellent in its adaptability to the environment, in its extendibility,
and in its fault tolerance.

Influence of Stiffness Distribution in Frictional Contact Surface
on Disk Brake Squeal
Yasunori Oura,Yutaka Kurita and Yukio Nishizawa

Proceedings of the 10th International Conference
on Motion and Vibration Control (2010)
We verified through experimentation on five carts connected in series by four springs that a
control method for always efficiently exciting a multi-degree-of- freedom system at a resonance
frequency. When an excitation point corresponds to a vibration detection point in a
multi-degree-of-freedom system, a phase lag at a given resonance frequency and the phase lead
at an anti-resonance frequency alternately appears in the vibration characteristics, and the
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phase lag is 90° at all resonance frequencies. Therefore, if a controller with a 90° phase lag and a
constant gain in a wide frequency range is used, self-excited vibration is generated at all
resonance frequencies. The local feedback controller for each actuator consists of a self-excited
vibration controller that is the sum of the integral control of the displacement and the positive
velocity feedback control, a saturation element that limits excitation force, and a negative
velocity feedback controller that provides active damping. We used a four-degree-of-freedom
system consisting of five carts and four springs in our experiment. Four voice coil motors
controlled by the local feedback were used to generate self-excited vibration at all the resonance
frequencies of a four-degree-of-freedom system. The self-excited vibration mode can be freely
switched on by changing the frequency of the sine wave that is added as an electric disturbance.
A system using many actuators with local feedback control, i.e., decentralized control, driven at a
resonance point with a natural frequency is excellent in its adaptability to the environment, in

its extendibility, and in its fault tolerance.

Considering the Dynamic Pad Stiffness in FEM Analysis of Disk Brake Squeal
Hiroyuki NONAKA, Yukio NISHIZAWA, Yutaka KURITA and Yasunori OURA
Proceedings of 28th Annual Brake colloquium & Exhibition,
SAE No.2010-01-1716 (2010-10)
This study aims to incorporate the dynamic stiffness of pads into the finite element method
(FEM) used for brake design in order to improve the accuracy of FEM analyses. In the first step,
the vibration caused by a disk brake squeal is simulated in order to measure the dynamic
stiffness of the brake pads. We then compare this result with the static stiffness result obtained
from a past static compressive strain and show that these different modes of stiffness have
different characteristics. The dynamic stiffness of the pad is higher than the static stiffness and is
greatly dependent on pressure load. The next step is to show, from the squeal experiments using
a simple squeal tester and FEM analysis, that it is dynamic stiffness and not static stiffness of
the pads that correlates to squeal. Finally, the aim is to demonstrate that by incorporating the
change in the dynamic stiffness of pads resulting from wear into FEM analysis, the change in the
frequency of squeal attributable to wear can be reproduced.
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Influence of Brake Pad Thickness on Disk Brake Squeal

Yasunori OURA, Yutaka KURITA, Yukio NISHIZAWA and Kyoko KOSAKA
Journal of System Design and Dynamics, Vol.4, No.6
Special Issue on D&D2009, pp.970-983 (2010)
A squeal test using a pad with a different thickness demonstrated that a squeal with a higher
frequency can be generated if a thin pad is used. The factors that changed as a result of pad
thickness were termed 'difference of pad rigidity' and 'dimension difference in the thickness
direction of the pad,' and the influence each factor exerted on the squeal was clarified. First, the
dynamic stiffness of the pads used for the squeal tests were measured by adding a vibration that
imitated the frequency and amplitude of the squeal. The measurement showed that the pad
rigidity becomes hard when the pad thickness becomes thin. In addition, the pad vibrated with
the same amplitude and the same phase from the frictional contact surface to the back plate in
the thickness direction. The pad rigidity is in inverse proportion to the pad thickness because the
pad can be viewed as springs in series in the thickness direction. Next, the influence that pad
thickness exerted on squeal was analyzed by using a surface-contact-analysis model that
reproduced the pad rigidity with a distributed spring and the dimension difference in the
thickness direction of the pad with distance from the contact surface to the rotational center of
the pad. Results showed that the squeal frequency becomes high when the pad rigidity becomes
hard. If the dimension in the thickness direction of the pad becomes small, the squeal is not

generated easily; however, the dimension does not influence the squeal frequency.

Driving at Resonance Point of Multi-Degree-of-Freedom System
by Decentralized Control
(Development of Control Method and Verification of Basic Performance)
Yutaka Kurita, Yasunori Oura, Shigekatsu Matsuda and Hajime Nishide
Journal of System Design and Dynamics,
Vol.5, No.1, pp.180-191 (2011)
A control method has been developed to always excite a multi-degree-of-freedom system
efficiently at a resonance frequency. When an excitation point corresponds to a vibration detection
point in the multi-degree-of-freedom system, a phase lag at a resonance frequency and a phase
lead at an anti-resonance frequency alternately appear in the vibration characteristics, and the
phase lag becomes 90° at all the resonance frequencies. Therefore, if a controller that has a phase

lag of 90° and a constant gain in a wide frequency range is used, self-excited vibration is
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generated at all the resonance frequencies. The self-excited vibration controller can be expressed
as the sum of the positive velocity feedback control with a high gain in a high frequency domain
and the integral control of the displacement with a high gain in a low frequency domain. A local
feedback controller for each actuator consists of a self-excited vibration controller, a saturation
element that limits excitation force, and a negative velocity feedback controller that provides
damping. A driving at a resonance point system using many actuators with local feedback control,
that 1is, decentralized control, is excellent in its adaptability to the environment, in its
extendibility, and in its fault tolerance. In addition, the self-excited vibration mode can be freely
switched on by changing the frequency of the sine wave that causes the self-excited vibration.
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Influence of Pad Surface Texture on Disk Brake Squeal
Kyoko Kosaka, Yukio Nishizawa, Yutaka Kurita and Yasunori Oura
Proceedings of 29th Annual Brake colloquium & Exhibition,
SAE No.2011-01-2354 (2011)

The prevention of brake squeal is a significant task in brake development, because brake
squeal is bothersome to users and consequently reduces a vehicle’s commercial value. Due to the
progress made by researchers in their efforts to gain insight into the mechanisms and causes of
brake squeal, the number of brake squeal complaints has declined. However, brake squeal can
appear long after the vehicle is produced, without any early sign. In order to maintain long-term
high satisfaction among the vehicle owners, it is important to find the factors that create a
gradual increase in the occurrence of brake squeal. In this study, we focus on the stiffness factor
of brake pads. Also, brake-pad wear due to braking is virtually impossible to completely eliminate.
Here, we examine the correlation between pad stiffness and squeal occurrence.

This study presents experimental and analytical results of the influence of pad surface
texture on disk brake squeal. Pads with different surface texture were prepared by changing the
sliding distances. Surface texture measurements were taken under various thrust pressure
conditions using an ultrasonic measuring device. In addition to measuring the pad stiffness, we
evaluated the results by pad excitation at frequencies and vibration amplitudes that would cause
brake squealing. The results showed that stiffness increased as the surface texture became
smoother. Namely, the pad surface texture affected the pad stiffness. Finally, we used a
numerical model to analyze the mechanism behind the generation of brake squeal caused by pad
surface texture. Our analytical results showed that the squeal frequency increased along with the

increase in pad stiffness.
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Driving at Resonance Point of Multi-Degree- of-Freedom System
by Decentralized Control
(Realizing Gait Patterns of Quadrupeds by Using Natural Vibration)
Yutaka Kurita, Yasunori Oura and Tomohiro Hiratsuka
Proceedings of the 14th Asia-Pacific Vibration Conference (2011)

Quadruped animals switch gait patterns depending on speed to minimize energy
consumption. This is similar to the phenomenon that excited natural vibration modes are
switched depending on excitation frequency in a multi-degree-of- freedom system. Therefore, in
this paper, it is assumed that quadruped animals move by using the natural vibration of their
own musculoskeletal systems. To verify this idea, we made an experimental apparatus that has a
simple structure modeled after the actual musculoskeletal system of a quadruped animal. The
apparatus consists of a body, a shoulder, a waist, and four legs. Each leg is excited by a DC motor
fixed to the shoulder or waist. First, it was clarified that the apparatus has natural vibration
modes similar to the gait patterns (trot, pace, and gallop) of quadruped animals by free vibration
tests. Next, the apparatus was driven by forced vibration in which four DC motors were excited
with the phase angle of gait patterns. The energy consumption of the motors was minimized when
the excitation frequency corresponded to the natural frequency. Finally, the apparatus was driven
by self-excited vibration generated by decentralized control in which four DC motors controlled
locally are used. The vibration modes were similar to trot, pace, and gallop patterns. The
frequencies of self-excited vibration corresponded to the natural frequencies.
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Development of a Checking System for Body Mechanics Focusing on the Angle of
Forward Leaning During Bedmaking

Kimiwa Itami, Toshihiko Yasuda, Yukinori Otsuki,

Muneatu Ishibasi and Takanori Maesako

Educational Technology Research, 33, pp.63-71 (2010)

Occupational low back pain is a serious problem among nurses, and the incidence of low back
pain and the rate of absences resulting from low back pain are high among new nurses. Therefore,
measures for low back pain are urgently required from the perspective of preventing the loss of
nurses. In addition, as low back pain also frequently develops among nursing students during
training at hospitals, measures for preventing low back pain must be established from an early
stage, in other words basic nursing education. Forward leaning, which involves the forward
flexion of the upper body, is a cause of low back pain developing during nursing actions. However,
the application of body mechanics, which promote efficient actions, improves posture and may
lead to prevention of low back pain.

Therefore, in the present study, we focused on bedmaking, an action that nursing students
learn at an early stage as a basic nursing technique, and developed a “checking system for body
mechanics” that enables self-checking of the angle of forward leaning during actions. The results
of an evaluation experiment on nursing students revealed that 1) the system enabled users to
objectively and easily assess their nursing actions, and 2) the angle of forward leaning during
actions remained <30°, the range in which minimal burden is placed on the lower back. The

objectives of system development were thus achieved.

A Class of Discrete Dynamical Systems Described by Piecewise Linear Functions
with Multi Step Invariant Density
Toshihiko Yasuda
Far East Journal of Dynamical Systems, Vol.14, No.1, pp.35-49 (2010)
Nonlinear dynamical systems of simple mathematical models often exhibit extremely
complicated behavior, as chaos. In this paper, a class of discrete nonlinear dynamical systems
described by some piecewise linear functions with certain uniform invariant density certain multi
step type invariant density) are investigated. A method for constructing nonlinear functions
with such an invariant density is newly demonstrated. Furthermore, the method for finding the
invariant density of the nonlinear functions is also presented. Theoretical analysis is carried out
based on the Frobenius-Perron equations. Numerical experiments show the validity of the

theoretical analysis, proposed in this paper.

Power Assist Effects of a New Type Assist Unit in a One Hand Drive Wheelchair
with a Triple Ring

Kazuaki Sakai, Toshihiko Yasuda and Katsuyuki Tanaka

Proceedings of the 2010 IEEE/RSJ International Conference
on Intelligent Robots and Systems, pp.6040-6045 (2010)

We have proposed a one hand drive wheelchair with the original manipulation mechanism and
the power assist mechanism. Recently, we have developed a new type assist unit, which had a
new ON/OFF mechanism constructed by link and sliding mechanism, in order to realize the sure
assist torque transformation. During assist, this new assist unit surely keeps the distance of two

rollers, which transfer assist torque to tires. In this paper, first, the assist system, including the
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proposed assist unit, is explained. Furthermore, by using the prototype of the one hand drive
wheelchair, implemented new assist units, the effectiveness of power assist function is confirmed,
based on running experiments on the flat ground. In this experiment, we have found the following
facts: For the user with enough manipulation ability, the power assist effect is week. On the other

hand, for the user with inadequate power, the evident power assist effect is observed.

A Class of One-dimensional Nonlinear Functions with Multi Return Patterns and
with Piecewise Uniform Invariant Density
Toshihiko Yasuda
Proceedings of the 42nd ISCIE International Symposium on Stochastic
Systems Theory and its Applications, pp.52-58 (2011)
In this paper, some nonlinear systems with the invariant density is newly demonstrated.
Permitting the existence of more than one interval whose image is identical, the variation of the
nonlinear function with the invariant density increases. The validity of the proposed scheme is

demonstrated by numerical experiments.

A Strategy for Step Climb Using Wheelie on a One Hand Drive Wheelchair with
a Triple Ring
Kazuaki Sakai and Toshihiko Yasuda, Member,
Proceedings of the 2011 IEEE International Conference on
Robotics and Biomimetics,pp.202-208 (2011)

We have been produced a one hand drive wheelchair, which has the original manipulation
mechanism with a triple ring and power assist units. In this wheelchair, some assist functions
realize comfortable drive. In this paper, we newly develop an assist function of the one hand
drive wheelchair, which realizes a step climb by using wheelie. We propose a strategy for the
step climb using the manipulation mechanism and the assist unit. The usefulness of the

proposed assist function is verified by experiments using a prototype.

Tool Run-out Correction Technology Using Laser On-the-Machine Tool
Keiji OGAWA, Heisaburo NAKAGAWA, Satoshi WATANABE, Gou UKAWA
Journal of Advanced Mechanical Design,
Systems, and Manufacturing, Vol.4, No.5,
pp.902-912 (2010)
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On-machine Heat Treatment System Using YAG Laser: Laser Hardening of
Micro-cutting Edge
Keiji OGAWA, Heisaburo NAKAGAWA and Akira OHTSUKA
Key Engineering Materials, Vols.447-448, pp.203-207 (2010)
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Wave Propagation
Hideo Takeuchi (fth 26 4)
INTECH, Vienna, pp.105-130 (2011)
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Area-effective inductive peaking with interwoven inductor for high-speed
Laser-Diode Driver for Optical Communication System
Takeshi KUBOKI, Student Member, Yusuke OHTOMO, Senior Member, Akira TSUCHIYA,
Keiji KISHINE, and Hidetoshi ONODERA
IEICE Transactions on Communications, Vol.
E95-A, No. 2 pp.479486, (2012)

This paper presents an area-effective bandwidth enhancement technique using interwoven
inductors. Inductive peaking is a common practice for bandwidth enhancement, however the area
overhead of inductors is a serious issue. We implement six or four inductors into an
interwoveninductor. Furthermore parasitics of the inductors can be reduced. The proposed
inductor is applied to a laser-diode driver in a 0.18umCMOS. Compared to conventional
shunt-peaking, the proposed circuit achieves 1.6 times faster operation and 60% reduction in
power consumption under the condition for the same amount of data transmission and the LD
driving current. The interwoven inductor can reduce the circuit area by 26%. Parasitic
capacitance in interwoven inductor is discussed. Simulation results reveal that line-to-line

capacitance is a significant factor on bandwidth degradation.

Nonlinear oscillations in two coupled elastic beams with tunable nonlinear
potentials

Masayuki Kimura and Takashi Hikihara

Proceedings of the 2011 International
Symposium on Nonlinear Theory and its
Applications, pp. 5 — 8 (2011)

Spatially localized and temporally periodic solutions exist in a nonlinear coupled oscillator
arrays. Because the energy of the solution is localized within a few sites, localized solutions exist
even in a two-degree-of-freedom system. In this paper, bifurcations regarding the localized
solutions are investigated by using the simple averaging method. Bifurcation sets are derived
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analytically and it is confirmed numerically.

A Study on Excitation of Intrinsic Localized Modes in Macro-mechanical
Cantilever Array with Tunable Potentials
Masayuki Kimura and Takashi Hikihara
Proceedings of the 2011 International
Symposium on Nonlinear Theory and its
Applications, pp. 611 — 614 (2011)

A mechanical cantilever array having nonlinearity caused by magnetic forces has been
produced for experimental study on intrinsic localized modes~(ILMs). It was already reported
that several ILMs were successfully observed and manipulated. This paper discusses the basic
property of ILMs such as the coexistence and the stability. In addition, frequency response of ILM
is numerically investigated for both two- and eight-degree-freedom systems.

Experimental manipulation of intrinsic localized modes in macro-mechanical
system

Masayuki Kimura and Takashi Hikihara

Nonlinear Theory and Its Applications,
IEICE, Vol. 3, No. 2, pp. 1-13 (2012)

A macro-mechanical cantilever array is proposed for experimental investigation of intrinsic
localized modes (ILMs). The array is designed to have tunable on-site potentials that can be
adjusted individually. Thus, it is easy to realize an array, in which an ILM can be excited. In
addition, impurities can be induced in and removed from the array. Several ILMs were
successfully generated by an external sinusoidal excitation, and the generated ILMs were
manipulated by adding an impurity to the cantilever array. The manipulation mechanism is
discussed numerically on the basis of the structure of phase space. Coexisting ILMs, unstable
manifolds, and the domains of attraction of a stable ILM are shown for an ILM manipulated by

adding an impurity.

BIRA F 0 E— L XBHEREE TR L Te I — 2R O SR EIE D HARHY Rt
PR —

BRI CEE A, 130 %, 949~954 H (2010)
The hardness and Young’s modulus of the carbonaceous films formed by
focused-ion-beam-assisted chemical vapor deposition using Au and Si ions, before and after 800
oC annealing, were compared with those formed using Ga ions in the process. It is found that the
hardness of the film formed using Au ions was harder than those formed using Si and Ga ions
before annealing. After annealing, however, that formed using Si ions showed the largest value in
hardness. From the X-ray photoelectron spectroscopy measurement, the implanted Si atoms were
combined with carbon atoms chemically, indicating the hardening of the Si-containing

carbonaceous films after annealing.
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Effect of Low-Energy Ga Ion Implantation on Selective Growth of Gallium
Nitride Layer on Silicon Nitride Surfaces Using Metal Organic Chemical Vapor
Deposition
K. Ishiizumi, J. Kikkawa, Y. Nakamura, A. Sakai, J. Yanagisawa
Japanese Journal of Applied Physics, Vol. 50, 06GC02 (2011)
Selective formation of GaN on a silicon nitride (SiNx) surface by metal organic chemical vapor
deposition (MOCVD) was investigated. Using a partly Ga+-implanted SiNx surface, selective
growth of materials was confirmed in the Ga+-implanted region of the SiNx surface without using
any masks during the MOCVD process. The surface roughness induced by Ga+ implantation was
found to be negligible from atomic force microscopy measurement results. From the confocal
microscopy image analysis, X-ray diffraction measurement, and transmission electron microscopy
observation results, it was found that the deposited material consists of polycrystalline
hexagonal-GaN grains with a size of about 2 um. A growth mechanism of GaN on the

Ga+-implanted SiNx surface is proposed.

Observation and quantification of the direction reversal of the surface band
bending in GaAsl-xXNx using terahertz electromagnetic wave and
photoreflectance measurements
Hideo Takeuchi, Junichi Yanagisawa, Jun Hashimoto, Masaaki Nakayama
Physica Status Solidi C, Vol. 7, pp.1844-1846 (2010)
We have investigated the polarity of terahertz (THz) electromagnetic waves from a GaAsl-xNx
epitaxial layer with x = 0.43% to clarify the effects of nitrogen incorporation on the direction of
the surface band bending. The THz-wave polarity of the GaAs1-xNx sample is reversed compared
with that of an rGaAs/n-GaAs sample that has an upward surface band bending; namely, the
GaAs1-xNx sample has a downward band bending. The polarity reversal is attributed to the
phenomenon that the conduction band bottom is lowered by the band anticrossing due to the
nitrogen incorporation, which changes the direction of the surface band bending. We also
measured the photoreflectance (PR) spectrum of the GaAs1-xNx sample to quantify the surface
electric field produced by the surface band bending. The PR spectrum exhibits the Franz-Keldysh
oscillations (FKOs) from the GaAsl-xNx layer. From the FKOs, the surface electric field is
estimated to be 24 kV/cm.

Frequency shift of terahertz electromagnetic waves originating from
sub-picosecond-range carrier transport in undoped GaAs/n-type GaAs epitaxial
layer structures
Hideo Takeuchi, Junichi Yanagisawa, Syuuichi Tsuruta, Hisashi Yamada, Masahiko Hata,
Masaaki Nakayama
Japanese Journal of Applied Physics, Vol. 49, 082001 1-5 (2010)
We have investigated the terahertz electromagnetic waves from undoped GaAs/ntype GaAs
(rGaAs/n-GaAs) structures with various 7GaAs-layer thicknesses, focusing on the relation
between the sub-picosecond-range carrier-transport processes and terahertz-wave frequency. It is
observed that the intense monocycle oscillation induced by the surge current of photogenerated
carriers is followed by the signal of the coherent GaAs longitudinal optical (LO) phonon. The
Fourier power spectra of the terahertz waveforms reveal that an increase in the built-in electric

field of the rGaAs layer, which is controlled by the rGaAs layer thickness, causes a high
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frequency shift of the band due to the surge current. Consequently, we conclude that the
photogenerated carriers are accelerated by the built-in electric field in the sub-picosecond range
without being affected by the intervalley scattering. This demonstrates that the frequency
tunable terahertz emitters are realized. Furthermore, we find that terahertz band of the coherent
LO phonon is relatively intense, compared with those from bulk crystals. This phenomenon is
discussed from the viewpoint of the effects of the built-in electric field on the terahertz radiation

mechanism.

Simple strategy for enhancing terahertz emission from coherent longitudinal
optical phonons using undoped GaAs/ntype GaAs epitaxial layer structures
Hideo Takeuchi, Junichi Yanagisawa, Syuichi Tsuruta, Hisashi Yamada, Masahiko Hata,
Masaaki Nakayama
Physica Status Solidi C, Vol. 8, pp.343-345 (2011)
We have explored the feasibility of enhancing terahertz (THz) emission from coherent
longitudinal optical (LO) phonons using simple epitaxial layer structures: undoped GaAs/n-type
GaAs (+GaAs/n-GaAs) epitaxial layer structures. Initially, using a numerical simulation we have
confirmed that a decrease in the i-GaAs layer thickness d increases the built-in electric field in
the -GaAs layer. From the THz wave measurement, it is observed in the THz waveforms of the
samples that the monocycle oscillation, the so-called first burst, resulting from the surge current
of the photogenerated carriers, accompanies with a clear oscillatory profile with a period of 113 fs
corresponding to the GaAs LO phonon frequency (8.8 THz). The Fourier transform spectra show
that the intensity of the LO phonon band remarkably increases with a decrease in d that causes
the enhancement of the built-in electric field in the i-GaAs layer. Thus, we conclude that the
utilization of the rGaAs/n-GaAs structure is a useful way to enhance the THz emission from the
coherent LO phonon. We also performed the time-partitioning Fourier transform in order to
investigate the decay time of the THz wave from the coherent LLO phonon. The decay time of each
sample is almost the same: 2.0 ps.

Frequency-tunable terahertz electromagnetic wave emitters based on undoped
GaAs/n-type GaAs epitaxial layer structures utilizing sub-picosecond-range
carrier-transport processes
Hideo Takeuchi, Junichi Yanagisawa, Syuichi Tsuruta, Hisashi Yamada, Masahiko Hata,
Masaaki Nakayama
Journal of Luminescence, Vol. 131, pp.531-534 (2011)
We have investigated sub-picosecond-range carrier-transport processes in undoped GaAs/n-type
GaAs (+GaAs/n-GaAs) epitaxial layer structures with various rGaAs-layer thicknesses d ranging
from 200 to 2000 nm, focusing on the relation between carrier-transport processes and terahertz
electromagnetic wave frequency. Initially, using numerical simulation and photoreflectance
measurement, we confirm that a decrease in d enhances the built-in electric field in the -GaAs
layer. In the time-domain terahertz waveform, it is observed that the intense monocycle
oscillation induced by the surge current of photogenerated carriers, the so-called first burst, is
followed by the oscillation patterns originating from the coherent GaAs longitudinal optical (LO)
phonon. From the Fourier power spectra of the terahertz waveforms, it is clarified that the
decrease in d causes a high frequency shift of the band of the first burst. Consequently, we

conclude that, in the sub-picosecond time range, the photogenerated carriers are monotonously
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accelerated by the built-in electric field without being affected by intervalley scattering. The
present conclusion signifies that the frequency-tunable terahertz emitters are realized by
controlling -GaAs-layer thickness. We also find the intensity of the coherent LO phonon band is
enhanced by a decrease in d.

Circular polariscopic analysis of strains in a semi-insulating SiC wafer: Its high
potential to complement the information obtained from monochromatic x-ray
topography
Hideo Takeuchi
Review of Scientific Instruments, Vol. 82, 033907 1-5 (2011)
We demonstrate that circular polariscopy is highly sensitive to strains in SiC wafers. In the
monochromatic x-ray topographic analysis, which is regarded as a fundamental characterization
method, the image information is disappeared in various areas: x-ray topography is not always
suitable to evaluate wafer-size regions. Using circular polarizer plates, we apply the polariscopic
analysis, which reveals the inhomogeneous strain distributed in the whole wafer region; namely,
the circular polariscopic map has the high potential to complement the conventional
monochromatic x-ray topograph. From the phonon-frequency shift observed in the Raman
scattering spectra, the maximum stress is estimated to be ~ 490 MPa. The crystal-plane
distortion causing the strains is confirmed from the appearance of the forbidden reflections in the
6-20 x-ray diffraction pattern.

Emission of the terahertz electromagnetic wave from coherent longitudinal
optical phonons in a GaAs buffer layer optically masked by a GaSb top epitaxial
layer
Hideo Takeuchi, Syuichi Tsuruta, Masaaki Nakayama
Applied Physics Letters, Vol. 98, 151905 1-3 (2011)
We demonstrate that, in a GaSb/GaAs epitaxial structure, the coherent longitudinal optical
(LO) phonon in the GaAs layer optically masked by the GaSb top layer is observed utilizing
terahertz- electromagnetic-wave spectroscopy. It is confirmed from a Raman scattering
measurement that only the optical phonon in the GaSb layer is optically observable, where the
photon energy of the excitation laser beam was almost the same as that of the femtosecond pulse
pump beam for the terahertz wave measurement. In the terahertz wave measurement, the
Fourier power spectrum of the terahertz waveform exhibits both the GaAs and the GaSb LO
phonons; namely, the coherent LLO phonon in the optically masked GaAs buffer layer is observed
in the terahertz wave measurement. This fact demonstrates that the instantaneous surface
potential modulation originating from the impulsive carrier excitation by the pump pulses
reaches the GaAs buffer layer. Consequently, the above-mentioned surface potential modulation
generates the coherent GaAs LLO phonon.

Terahertz spectroscopy of dynamics of coupling between the coherent
longitudinal optical phonon and plasmon in the surge current of instantaneously
photogenerated carriers flowing through the rGaAs layer of an 1-GaAs/n-GaAs
epitaxial structure
Hideo Takeuchi, Syuichi Tsuruta, Masaaki Nakayama
Journal of Applied Physics, Vol. 110, 013515 1-6 (2011)
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We demonstrate the dynamics of coupling between the coherent longitudinal optical (LO)
phonon and plasmon of instantaneously photogenerated electrons in an undoped GaAs/n-type
GaAs (-GaAs/n-GaAs) epitaxial structure using time-domain terahertz spectroscopy. Initially, we
experimentally and numerically clarify the presence of the built-in electric field in the i-GaAs
layer of the i7GaAs/n-GaAs epitaxial layer. Next, we performed the terahertz-wave measurements
of the rGaAs/n-GaAs epitaxial structure at various excitation conditions from a low density
excitation regime to a high excitation regime. The LO-phonon-plasmon coupled (LOPC) mode has
been confirmed from the terahertz-wave measurement. It is found that the frequency of the LOPC
mode is determined by the pump-beam power. This fact demonstrates that the LOPC mode is
formed in the -GaAs layer. In addition, we performed the time-partitioning Fourier transform in
order to reveal the dynamical change in the LOPC mode as a function of time delay. Using this
analysis, we have observed that the disappearance of the LOPC mode immediately occurs within
the time delay of 0.6 ps. Following the disappearance of the LOPC mode, only the bare coherent
GaAs LO phonon dominates the terahertz waves.

Enhancement of exciton photoluminescence intensity caused by the distortion of
the crystal plane originating from the internal strain in a ZnO wafer
Hideo Takeuchi
AIP Advances, Vol. 1, 042176 1-7 (2011)
We have investigated the relation between the exciton photoluminescence intensity and
distortion of the crystal plane in a ZnO wafer. The present investigation utilizes the following two
characterization methods that complement the result of the photoluminescence measurement: a
circular polariscopic measurement and a 626 x-ray diffraction measurement. The circular
polariscopic map clarifies the distribution of the strain exists in the ZnO wafer. The strain found
in the circular polariscopic analysis indicates the existence of the crystal-plane distortion, which
is confirmed from the appearance of the forbidden reflection line in the x-ray diffraction pattern.
The photoluminescence measurements at different positions sensitive to the crystal-plane
distortion were performed on the basis of the above-mentioned complementary information. It is
found that the crystal-plane distortion causes the enhancement of the exciton photoluminescence
intensity. The responsible factor is attributed to the suppression of the exciton diffusion caused by
the crystal-plane distortion. This is in contrast to the usual interpretation that the lowering of the
crystalline quality leads to the reduction of the exciton photoluminescence intensity; namely, the
aid of complementary information is essential to precisely interpret the photoluminescence

intensity.

Detection of a coherent longitudinal optical phonon in a GaAs buffer layer
optically covered with a GaSb top epitaxial layer using terahertz electromagnetic
wave spectroscopy
Hideo Takeuchi, Syuichi Tsuruta, Masaaki Nakayama
AIP Conference Proceedings, Vol. 1416, pp.84-87 (2011)
We demonstrate that, in a GaSb/GaAs epitaxial structure, the coherent longitudinal optical
(LO) phonon in the GaAs layer optically covered with the GaSb top layer is observed utilizing
terahertz spectroscopy. In the terahertz - wave measurement, the Fourier power spectrum of the
terahertz waveform exhibits both the GaAs and the GaSb LO phonons; namely, the coherent LO
phonon in the optically covered GaAs buffer layer is observed in the terahertz - wave
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measurement. This fact demonstrates that the instantaneous surface potential modulation
originating from the impulsive carrier excitation by the pump pulses reaches the GaAs buffer
layer. This surface potential modulation generates the coherent GaAs LLO phonon.

Circular polariscopic measurement of a semi-insulating SiC wafer for evaluating
strains and its relation with Raman spectra: Superiority to monochromatic Lang
x-ray topography
Hideo Takeuchi
Physica Status Solidi C, Vol. 9, pp.266-269 (2012)
We have explored the effectiveness of applying the circular polariscopic measurement to the
mapping of the strains in a semi-insulating 6H-SiC wafer. Initially, monochromatic Lang X-ray
topography, which is regarded as a fundamental evaluation technique for wafers, is applied. In
the monochromatic Lang X-ray topograph, the disappearance of the images is found in various
areas, which suggests that the monochromatic Lang X-ray topographic measurement is not
almighty. Next, we apply the circular polariscopic measurement, which is sensitive to strains
through the photoelastic effect. The brightness of the circular polariscopic wafer map reveals that
the inhomogeneous distribution of the strains. The observed phenomenon indicates that the
magnitude of the crystal-plane distortion is too strong to apply monochromatic Lang X-ray
topography. The presence of the relatively large strains is confirmed from the fact that the
forbidden reflection lines are observed in the &-26 X-ray diffraction pattern. We also measure the
Raman spectra of the several region of the wafer to evaluate the stress from the phonon frequency
shift. The maximum stress is estimated to be ~ 490 MPa.

Infrared Polarizer Fabrication by Imprinting on Sb-Ge-Sn-S Chalcogenide Glass
Itsunari Yamada, Naoto Yamashita, Kunihiko Tani, Toshihiko Einishi, Mitsunori Saito,
Kouhei Fukumi, Junji Nishii

Jpn. J. Appl. Phys., Vol. 51, 012201 (2012)

We fabricated infrared wire-grid polarizers consisting of a 500-nm pitch Al grating on a low
toxic chalcogenide glass (Sb-Ge-Sn-S system) using the direct imprinting of subwavelength
grating followed by a deposition of Al metal by thermal evaporation. To fabricate the
subwavelength grating on a chalcogenide glass more easily, the sharp grating was formed on the
mold surface. The fabricated polarizer with Al thickness of 130 nm exhibited a polarization
function with a transverse magnetic transmittance greater than 60% in the 5-9 pm wavelength
range, and an extinction ratio greater than 20 dB in 3.5-11pm wavelength range. The extinction
ratio of the element with Al wires of 180-nm thickness reached 27 dB at 5.4-pm wavelength. The
polarizer can be fabricated at lower costs and simpler fabrication processes compared to

conventional infrared polarizers.

Fabrication of A Mid-IR Wire-grid Polarizer by Direct Imprinting on
Chalcogenide Glass
Itsunari Yamada, Naoto Yamashita, Kunihiko Tani, Toshihiko Einishi, Mitsunori Saito,
Kouhei Fukumi, Junji Nishii
Opt. Lett., Vol. 36, No. 19, pp. 3882-3884 (2011)
A mid-IR wire-grid polarizer with a 500 nm pitch was fabricated on a low toxic chalcogenide
glass (Sb-Ge-Sn-S system) by the thermal imprinting of periodic grating followed by the thermal
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evaporation of Al metal. After imprinting, deposition of Al on the grating at an oblique angle
produced a wire-grid polarizer. The fabricated polarizer showed polarization with TM
transmittance greater than 60% at 5-9 pm wavelengths and an extinction ratio greater than 20
dB at 3.5-11 pm wavelengths. This polarizer with a high extinction ratio can be fabricated more

simply and less expensively than conventional IR polarizers.

Near-infrared Polarizer with Ttungsten Silicide Wire Grids
Itsunari Yamada, Kouhei Fukumi, Junji Nishii, Mitsunori Saito
Jpn. J. Appl. Phys., Vol. 50, 012502 (2011)
We fabricated a near-infrared wire-grid polarizer consisting of a 230-nm-pitch tungsten silicide
(WSi) grating on a SiO2 substrate using two-beam interference lithography and dry etching. The
transverse magnetic (TM) polarization transmittance of the fabricated polarizer exceeded 80% in
the 1000-1600-nm wavelength range. The extinction ratio was higher than 20 dB in the
650-1500-nm wavelength range. We also measured the extinction coefficient x of WSi and
verified that WSi is a suitable polarizing material in the near-infrared range.

Infrared Wire-grid Polarizer with Y203 Ceramic Substrate
Itsunari Yamada, Kouhei Fukumi, Junji Nishii, Mitsunori Saito
Opt. Lett., Vol. 35, No. 18, pp. 3111-3113 (2010)
Using two-beam interference lithography and dry etching, we fabricated a mid-IR wire-grid
polarizer consisting of a 350 nm pitch WSi grating on an Y203 ceramic substrate, which has wider
transparency than sapphire. The transmittance of TM polarization was greater than 70% in the
3-7 nm wavelength range without antireflection films, and the extinction ratio was over 20 dB in
the 2.5-5 pm wavelength range. The wire-grid polarizer with the Y203 ceramic substrate provides
high durability and good IR transparency.

Nickel Plating on Silicon for Fabricating an Infrared Wire-Grid Polarizer
Mitsunori Saito, Tatsuya Yamamoto, Itsunari Yamada, Junji Nishii, Susumu Mihara,
Masashi Urano

Jpn. J. Appl. Phys., Vol. 49, 052503 (2010)

An IR polarizer was fabricated by plating a Ni wire-grid on a Si substrate. The Si surface was
processed by photolithography to create grooves with 200 nm width, 200 nm spacing, and 300 nm
depth. After surface treatment, the Si plate was put in a plating bath for 5 min to fill the grooves
with Ni. The excess Ni film that was deposited outside the grooves was removed by mechanical
polishing. The fabricated wire-grid exhibited a polarization function with an extinction ratio of

15-20 dB in the 3-13 mm wavelength range.

Quantitative investigation of a standard test shim for magnetic particle testing
Naoya Kasai, Akira Takada, Katsuhiro Fukuoka, Hideaki Aiyama, Mitsuo Hashimoto

NDT&E International, 44, pp.421-426 (2011)
Quantitative investigation of a standard test shim for magnetic particle testing has been
carried out. The current values of the magnetizing yoke to obtain magnetic particle indication
were measured experimentally. An analytical model for the experimental conditions was then
formulated to obtain the amplitude of the leakage magnetic flux from an artificial groove in a type
A standard test shim. The magnetic flux densities in the type A standard test shim and the test
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object were obtained using finite element analysis.

In a test object with high permeability, the magnetic flux density was almost in the saturation
regime when the magnetic particle indication was obtained. On the other hand, in a test object
not having high permeability, the magnetic flux density was small when magnetic particle

indication was obtained.

Numerical analysis of piezoelectric sensor using multimode vibration for liquid
density and viscosity measurement
Jun Takarada, Naoto Wakatsuki, Koichi Mizutani, and Ken Yamamoto
Jpn. J. Appl. Phys., vol. 49, pp. 07THC02_1-4 (2010)
We report a new piezoelectric sensor for measuring the density and viscosity of liquids. This
sensor can selectively vibrate in directions normal and tangent to the contact surface between the
sensor and a liquid by choosing appropriate driving methods. In the proposed system, the density
and viscosity can be presumed simply by measuring resonance frequencies in air and liquid for
the vibration in the tangent and normal directions instead of measuring resonance frequency and
damping of a single vibration mode for use in conventional method. In this report, we firstly
derive a theoretical model of a plate vibrating in two directions with respect to the contact surface.
Next, the proposed device is designed and evaluated by the finite element method (FEM). The
validity of this calculation is ensured by comparison of an early experimental result and the
result of the FEM. From this analysis, we find that the density and viscosity of a sample liquid

were presumed within 2% error.

Precise wireless triggering system for anemometers with long-baseline acoustic
probes
Naoto Wakatsuki, Shin Kinjo, Jun Takarada, and Koichi Mizutani
Jpn. J. Appl. Phys., vol. 49, pp. 07THC14_1-4 (2010)
A wireless triggering system for acoustic anemometers using an acoustic probe with a long
baseline is investigated. Acoustic probes for measuring micrometeorologic parameters, such as
temperature and wind velocity, are used as noncontact and nondestructive methods. The acoustic
probe with a long baseline was previously proposed by the authors and investigated to form a
sensing grid system for micrometeorologic measurement. The authors have also partially
investigated a wireless sensing grid using a wireless local-area network (LAN). However, because
of the synchronization problem between sensor nodes, the trigger line has been left wired. In this
paper, the problem of synchronization is solved by investigating a wireless triggering system
using frequency modulated (FM) radio waves. The primitive triggering system of FM radio waves
has some instability on time synchronization depending on such the communication environment
as signal-to-noise ratio (SNR). To overcome the influence of the instability, a cross-correlation
method is adopted to the triggering system. As a result, the time synchronization errors of the
trigger system were reduced by up to one tenth. In addition, not only the instability problem but
also other larger errors are compensated by the proposed system in an experimental wind velocity

measurement.
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Monolithic piezoelectric sensor for measurement of triaxial forces applied to
bridge by string vibration
Jun Takarada, Naoto Wakatsuki and Koichi Mizutani
Jpn. J. Appl. Phys., vol. 50, pp. 07HC03_1-5 (2011)
We propose a piezoelectric sensor to investigate string vibration. This sensor has a square
pyramidal structure and five electrodes on each surface, and enables us to measure triaxial forces.
Measuring triaxial forces from a single sensor enables us to obtain complex vibration mechanisms,
such as the string vibration of musical instruments. We designed the sensor to serve as a bridge
of musical instruments and to measure triaxial forces applied by string vibration directly. A
previously proposed sensor, which also serves as the bridge, has a problem regarding its charge
sensitivity. To improve charge sensitivity, the newly proposed sensor is designed to have large
electrodes by devising its structure. The sensitivity of the newly proposed sensor is compared with
that of the previously proposed sensor using a finite element method. The sensitivity of the
proposed sensor becomes higher than that of the previous sensor. In particular, the sensitivity of
the proposed sensor in the horizontal direction becomes about 2.5 times higher than that of the
previous one. The reason for this is that the new sensor is applied with a piezoelectric shear effect
to measure its sensitivity in the horizontal direction, while the previous one is applied with a
longitudinal effect. The constant of the piezoelectric shear effect is generally about two times
higher than that of the longitudinal effect. Moreover, we obtain the sensitivity of the proposed
sensor in the experiment. The experimental results suggest that the triaxial force can be

measured by calculating the pseudo-inverse matrix of the measured sensitivity.

Study on Equivalent Circuit of Lithium-Ion Secondary Battery Degraded by
Constant Current and Intermittent Charge/Discharge Cycles
Tadashi Tanaka, Shota Asakura, Yoshitaka Inui
Proceedings of International Conference on
Electrical Engineering 2010, BMS-03
(CD-ROM) (2010)

In this study, the accelerated deterioration tests of lithium-ion secondary batteries through
constant current and intermittent charge and discharge cycles are carried out. In order to check
up the deterioration of the battery, a.c. impedance characteristics before and after the two
different deterioration tests are measured and the estimated internal equivalent circuits after
these deterioration tests are compared with that before the deterioration tests. It is made clear
from the comparison that the particular resistances in the internal equivalent circuit enlarge as
the battery deteriorates, while the time constants of all RC parallel circuits are relatively
unchanged through the degradation process. The internal equivalent circuits after the
degradations are almost same regardless of the battery deterioration process whether through

constant current or intermittent charge and discharge cycles.
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Analytical Investigation of Cell Performance of Intermediate-Temperature Disk
Type Seal-less SOFC Fueled by Methane
Tadashi Tanaka, Yoshitaka Inui, Norihisa Chitose
ECS Transactions, Vol. 35, No. 1, pp. 693-703 (2011)
The authors improve the existing simulation code of the intermediate-temperature disk type
seal-less SOFC for pure hydrogen to make the simulation of methane fuel case possible. By using
the simulation code, the current density—single cell voltage (=~1) curves of the single cell of the
SOFC are calculated and numerically obtained -V curves are compared with the corresponding
experimental ones. Through the comparison, validity of the improved simulation code is
successfully confirmed. The influence of the pre-reformer temperature and the S/C ratio on the
cell performance is also investigated through the numerical simulations. As a result, it is made
clear that optimization of the S/C ratio is very important to achieve high performance when both

the cell temperature and pre-reformer temperature are low.

Investigation on Transient Voltage Response of Lithium-Ion Secondary Battery
Degraded by Constant Current Charge/Discharge Cycles
Tadashi Tanaka, Masahiko Muramatsu, Tsuyoshi Takagi, Naoto Kakimoto, Yoshitaka Inui,
Shinichi Sakamoto
Proceedings of International Conference on
Electrical Engineering 2011, ICEE-A167
(CD-ROM) (2011)

In this study, a simulation method for transient voltage responses of lithium-ion secondary
batteries that can apply to degraded batteries is proposed and established. In order to confirm the
validity of the proposed simulation method, the numerically obtained transient voltage responses
of degraded battery are compared with the corresponding experimental ones in the cases two
different current patterns with almost constant SOC and large SOC variation are supplied into
the battery. Through these comparisons, the validity of the simulation method proposed in this
study is successfully demonstrated. Furthermore, the transient voltage responses before and after
degradation are simulated by using the simulation method. As a result, it is made clear that
charge and discharge control algorithms of lithium-ion secondary batteries can be designed by
considering the variation of the internal resistance in various SOC conditions attributed to the
degradation. It is successfully demonstrated from this study that the simulation method proposed
in this study is available and helpful when simulations of transient voltage responses of the
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battery is required in order to design some practical current control algorithm for battery control

systems.

Effect of Sub-Loop Tube on Energy Conversion Efficiency of Loop-Tube-Type
Thermoacoustic System
S. Sakamoto, D. Tsukamoto, Y. Kitadani, and Y. Watanabe
International Conference on Acoustics 2010, Proc., (2010)
For the practical application of a loop-tube-type thermoacoustic system, it is important to
improve its energy conversion efficiency. We propose a loop-tube-type thermoacoustic system with
a diverging sub-loop tube. The sub-loop tube diverges from the main loop tube and rejoins it so
that the sub-loop tube forms a loop. The main loop tube is 0.85 m high and 0.5 m wide, with 3.3 m
total length. The sub-loop tube’s length from the upper side to the lower side is 0.45 m. The sub
tube position is changed so that the distance from the heater to the upper part of the sub tube is
1.73, 1.83, or 1.93 m. The pressure, the phase difference between the pressure and particle
velocity, and the sound intensity were calculated using a two-sensor power method with pressure
measurement results. The smallest phase difference distribution was observed when the sub-loop
tube is connected at 1.93 m. The highest sound intensity of 13 kW/m? was obtained at the prime
mover top end, when a sub-loop tube was connected at 1.93 m. Because the sound intensity was
0.65 kW/m?2 when a sub-loop tube was not connected, it was increased about 20-fold by connecting
a sub-loop tube. The decrease in the phase difference indicates that the phase difference in the
prime mover became a traveling wave phase, and this raises the energy conversion efficiency from

heat to sound.

Miniaturization of the Loop-Tube-Type Thermoacoustic Cooling System — Effect
of the Installation Position of Heat Pump and Working Gas in the Tube —
K. Hotta, S. Sakamoto, D. Tsukamoto, and Y. Watanabe
Jpn. J. Appl. Phys., 07THE17, (2011)
A loop-tube-type thermoacoustic cooling system uses heat energy as a power source. Therefore,
it is possible to put a loop tube into practical use in different areas. Several reports have described
total loop tube lengths greater than 3m. Additional miniaturization is necessary to apply this
system to electronic devices such as personal computers. As described herein, to realize a
miniature loop tube, an A4-size loop tube (850mm total length; 24mm inner diameter) was
designed. Furthermore, to assess this system’s cooling properties, two experimental
investigations were carried out. One is to elucidate the heat pump installation position. The other
is to assess the working gas in the tube. An A4-size loop tube driven on the basis of those

experimental results achieved cooling from room temperature to O degrees C.
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Thermal Science & Engineering, Vol.19 No.1, pp. 9-16, (2011)
Recently, global warming is problem. Therefore a thermoacoustic cooling system is focused as
one of technique to cure this problem. The thermoacoustic cooling system has a number of
advantages but is not achieved the practical use of. Low energy conversion efficiency of
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thermoacoustic cooling system is pointed as a cause for fall short of the practical use of it.
Improvement of energy conversion efficiency of thermoacoustic prime mover is required for
practical application of the thremoacoustic cooling system. The purpose of our work is to
understand condition of the prime mover used, toward the development of the prime mover. The
purpose of this paper is to report on our work. Temperature gradient within a stack of prime
mover is very fundamental to thermoacoustic phenomenon. Consequently, we measured
temperature gradient within the stack of prime mover and considered by temperature gradient.
We calculated heat flux and heat exchange area by experimental results because those
parameters are needed for our work. As results, it was regarded that over 90 percent of input
heat energy is loss energy that is not contributed to thermoacoustic phenomenon. In addition, it
was confirmed that heat exchange area in top of the stack of prime mover do not quite exist and
heat exchange do not generate in top of the stack of prime mover. In conclusion, it is
recommended that the stack of prime mover be still improved for gaining high energy conversion
efficiency. In blunt terms, it is important that top of the stack of prime mover processed with
metal of good thermal conductivity. For an example, top of the stack of prime mover is plated with
metal. Furthermore, top of the stack of prime mover is expanded flow channel.
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Acoust. Sci. & Tech., Vol. 67, No. 4, pp. 145-151 (2011)
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Experimental investigation of the inner diameter in the thermoacoustic cooling system was
carried out to confirm the effect for energy conversion efficiency. We carried out an experiment by
using the thermoacoustic cooling system with 3 type inner diameters (24 mm, 42 mm, 100 mm).
As results, acoustic power and a phase difference between sound pressure and particle velocity
was varied. Moreover, it was confirmed that energy conversion efficiency in it changed with the
variety of inner diameter. Energy conversion efficiency in it with inner diameter 100 mm was best
of all. It is considered that a factor of improvement of energy conversion efficiency was change of
phase difference between the sound pressure and the particle velocity.
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Applying Sub-Loop Tube to Control the Sound Field in Loop-Tube-Type
Thermoacoustic System
S. Sakamoto, K. Sahashi, and Y. Watanabe
Jpn. J. Appl. Phys., 07THE20-1 -5, (2011)
In this report, we propose a loop-tube-type thermoacoustic system with a diverging sub-loop
tube to control the sound field, specifically the phase difference between sound pressure and
particle velocity, in the prime mover of a thermoacoustic system for improvement in energy
conversion. The phase difference must become 0° or near 0°. This phase difference contributes to
energy conversion through isothermal heat exchange process and makes a thermoacoustic system
highly efficient in terms of energy conversion. The sub-loop tube diverges from the main loop tube
and rejoins it. Thereby, the sub-loop tube forms a loop. The sub-loop tube position is changed. By
diverging the sub-loop tube, the acoustic impedance at the connection position changes and the
resonance condition in the thermoacoustic system is changed. As a result, the phase difference in
the prime mover is controlled for improvement in energy conversion. Nevertheless, the phase
difference in the prime mover cannot be measured. The sound field and ot are measured with and
without a sub-loop tube. The degree of heat exchange between the working gas and the stack wall
1s represented as wt, which is the product of angular frequency ® and thermal relaxation time r.
Results show that diverging the sub-loop tube and changing its position alter the sound field in
the thermoacoustic system, specifically changing the phase difference in the prime mover. The
change in the phase difference in the prime mover raises the efficiency of energy conversion from
heat to sound.
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Three dimensional (3D) recording using two-photon absorption (TPA) is one of the most
promising candidate for achieving larger capacity on optical memory. We demonstrated
application of organoboron polymer introduced different substitution group to 3D optical memory
with waveguide structure. The recording power of thiophene type organoboron polymer was lower
than that of phenylene type material. Moreover, three dimensional recording and new reading out
method which used CCD camera were tried. As a result, the recorded bits were scattered by the
refractive index change and observed by the CCD camera as a clear two dimensional image, from
which the information of multiple bits was obtained simultaneously. These results promise that
the novel organoboron polymers newly synthesized and the new reading method of the recorded
bits organoboron polymers are suitable for 3D optical memories.

Fabrication of PEDOT:PSS/ ZnMgO Schottky-Type Ultraviolet Sensors on Glass
Substrates with Solution-Based Mist Deposition Technique and Hard-Mask
Patterning
Takumi Ikenoue, Naoki Kameyama, Shizuo Fujita
Physica Status Solidi (c), Vol. 8, Iss. 2, pp.613-615 (2011)
A transparent conducting polymer, poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate)
(PEDOT:PSS) thin films were fabricated by a novel ultrasonic spray-assisted mist deposition
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technique. The films of ZnMgO and high conductive ZnO:Ga were also formed by the same
technique, with which high performance PEDOT:PSS/ZnMgO Schottky ultraviolet sensors were
fabricated on glass substrates. Hard-mask patterning was employed, without photolithography.
As an example, a sensor operating in the UV-B region exhibited the quantum efficiency of 0.37 at
250 nm and the ultraviolet/visible rejection ratio of about 103 under zero-bias condition.

Ultrasonic Spray-Assisted Solution-Based Vapor-Deposition of Aluminum
Tris(8-hydroxyquinoline) Thin Films
Jinchun Piao, Shigetaka Katori, Takumi Ikenoue, Shizuo Fujita
Japanese Journal of Applied Physics, Vol. 50, No. 2, 020204 (2011)
Aluminum tris(8-hydroxyquinoline) (Algs) thin films were fabricated by a vapor-deposition
technique from its methanol solution, that is, by the ultrasonic-assisted mist deposition technique.
The application of high ultrasonic power to the Algs-methanol mixture resulted in a stable and
transparent solution. Mist particles formed by ultrasonic atomization of the solution were used as
the source for vapor-deposition at the substrate temperature of 100-200 °C. Optical absorption
and photoluminescence characteristics indicated the formation of Algs thin films. The results
promise the formation of thin films of a variety of organic materials by the solution-based
technique.

Fabrication of Conducting Poly(3,4-ethylenedioxythiophene): Poly(styrene-
sulfonate) Thin Films by Ultrasonic Spray-Assisted Mist Deposition Method
Takumi Ikenoue, Hiroyuki Nishinaka, Shizuo Fujita
Thin Solid Films, Vol. 520, Iss. 6 pp. 1978-1981 (2012)
Transparent conducting polymer, poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate) thin
films were fabricated by a vapor-deposition technique, ultrasonic spray-assisted mist deposition
method. The thickness was well controlled from 40 to 600 nm, keeping reasonable conductivity of
300-450 S/cm. The films with thickness less than 180 nm have high (> 80%) transmission over a
wide (270-800 nm) spectral region. In addition, formation of ring-dot electrode pattern with a
hard-mask was demonstrated, achieving lithography-less patterning. The results encourage that
this deposition method is developed as an actual process technology of transparent electrodes in

devices.

Mist Deposition Technique as a Green Chemical Route for Synthesizing Oxide
and Organic Thin Films
Shizuo Fujita, Kentaro Kaneko, Yutaka Fukui, Hiroyuki Nishinaka, Takumi Ikenoue, Taichi
Nomura
Materials Research Society Symposium
Proceedings, Vol. 1220, BB04-06 (2010)
Ultrasonic spray-assisted mist deposition techniques have been developed as a cost-effective
and environmental friendly deposition method for oxide and organic thin films. The chemical
vapor deposition (CVD) of a variety of oxide thin films having unique functions, such as Cr:20s,
Cuz0, Fes04, and Al2Os thin films, has been demonstrated as well as high-quality ZnO and Gaz20s
films ever reported. In addition to the films deposition by the CVD process, the deposition of

organic material thin films from the source solution has also been achieved; as examples we have
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shown the patterned deposition of water-soluble fluorescent polymers with a metal mask. This
may substitute the spin-coating technique and contribute to increase the source consumption
efficiency in the thin film deposition. We appeal that the mist deposition is a unique and

promising technique as a green chemical route for film deposition.

Extension of Blind Source Separation Method Based on Image Signal Ratio
Shigeyuki Miyagi and Yoshiharu Taniguchi
Far East Journal of Applied Mathematics,
Vol. 44, No. 2, pp. 149-157 (2010)

We extend the method proposed by Diamantaras and Papadimitriou to blind source separation
(BSS) problems of three source image mixtures. In [4], they applied their own method to BSS
problems of only two source image mixtures. We propose the detailed algorithm based on the
extended method for solving the BSS problems of three source image mixtures.

Two Dimensional Laguerre Model and Spectral Estimation of Image Signals
Shigeyuki Miyagi
Far East Journal of Electronics and
Communications, Vol. 6, No. 1, pp. 1-11
(2011)

For the estimation of image spectra, we propose a two dimensional signal model, which is
extended from the conventional Laguerre model. The idea is simple, in fact, the proposed two
dimensional model is constructed in term of the direct product of two Laguerre filter components
corresponding to a general shift operation of both horizontal and vertical directions on plane
coordinates. We also give a practical recursive procedure for calculating the output of the
proposed two dimensional Laguerre filter networks, and present a technique of spectral
estimation for two dimensional signal by using the proposed model.

Two-Dimensional (2D) Laguerre Lattice Filter in Modeling Image Signals
Shigeyuki Miyagi
Far East dJournal of Electronics and
Communications, Vol. 7, No. 1, pp. 25-40
(2011)

In this paper, we develop a lattice structure, than the transversal structure, of two-dimensional
(2D) Laguerre filters for image signals by modifying the 2D Laguerre filters proposed in author's
previous paper [11]. In fact, we propose a new filter called “2D Laguerre lattice filters." As a
well-known fact, all the filter coefficients of a filter with a transversal structure must be updated
when the model order of the filter is increased. On the other hand for a filter with a lattice
structure, only the highest order coefficients will be updated when the model order is increased,
which drastically simplify the construction process of the desired filter than with the transversal

structure.
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Failure Diagnosis by Improved Mahalanobis-Taguchi System
Susumu Okumura and Nobuyuki Take
Proceedings of the 23rd International
Conference on Condition Monitoring and
Diagnostic Engineering Management,
pp.591-598 (2010)

The Mahalanobis-Taguchi system (MTS) based on quality engineering is one of the
techniques of failure diagnosis using multivariate data and attracts increasing attention in recent
years. The MTS does not fully consider the statistical property of a Mahalanobis distance
measure, which affects discrimination rate for the analyzed data. In this study, a new method, in
which the statistical property of the Mahalanobis distance is incorporated and normal and
abnormal space can be separated efficiently, is proposed. Diagnosis examples for clothing data
show that the proposed method performs better than the conventional technique.

Automatic Measurement of Vertical Cup-to-Disc Ratio on Retinal Fundus Images
Yuji Hatanaka, Atsushi Noudo, Chisako Muramatsu, Akira Sawada, Takeshi Hara, Tetsuya
Yamamoto and Hiroshi Fujita

Medical Biometrics, LNCS, Vol. 6165, pp.
64-72 (2010)

Glaucoma is a leading cause of permanent blindness. Retinal fundus image examination is
useful for early detection of glaucoma. In order to evaluate the presence of glaucoma, the
ophthalmologist may determine the cup and disc areas and diagnose glaucoma using a vertical
cup-to-disc ratio. However, determination of the cup area is very difficult, thus we propose a
method to measure the cup-to-disc ratio using a vertical profile on the optic disc. The edge of optic
disc was then detected by use of a canny edge detection filter. The profile was then obtained
around the center of the optic disc in the vertical direction. Subsequently, the edge of the cup area
on the vertical profile was determined by thresholding technique. Lastly, the vertical cup-to-disc
ratio was calculated. Using seventy nine images, including twenty five glaucoma images, the

sensitivity of 80% and a specificity of 85% were achieved with this method.

Automated Detection of Arteriovenous Crossing Phenomenon on Retinal Images
Yuji Hatanaka, Chisako Muramatsu, Takeshi Hara, and Hiroshi Fujita

2010 International Conference on Future
Computer, Control and Communication, Vol.
I1, pp. 340-343 (2010)

Arteriolosclerosis is one cause of acquired blindness. Retinal fundus image examination is
useful for early detection of arteriolosclerosis. In order to diagnose the presence of
arteriolosclerosis, the physicians find the silver-wire arteries, the copper-wire arteries and
arteriovenous crossing phenomenon on retinal fundus images. The focus of this study was to
develop the automated detection method of the arteriovenous crossing phenomenon on the retinal
images. The blood vessel regions were detected by using a double ring filter, and the cross
sections of artery and vein were detected by using a ring filter. The center of that ring was an
interest point, and that point was determined as a cross section when there were over four blood

vessel segments on that ring. And two blood vessels gone through on the ring were classified into
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artery and vein by using the pixel values on red and blue component image. Finally, V2-to-V1
ratio was measured for recognition of abnormalities. V1 was the venous diameter far from the
blood vessel cross section, and V2 was the venous diameter near from the blood vessel cross
section. The cross section with V2-to-V1 ratio over 0.8 was experimentally determined as
abnormality. Twenty four images, including 27 abnormalities and 54 normal cross sections, were
used for preliminary evaluation of the proposed method. The proposed method was detected 73%
of cross sections when the 2.8 sections per image were mis-detected. And, 59% of abnormalities
were detected by measurement of V1-to-V2 ratio when the 1.7 sections per image were
mis-detected.

Automated Segmentation of Optic Disc Region on Retinal Fundus Photographs:
Comparison of Contour Modeling and Pixel Classification Methods
Chisako Muramatsu, Toshiaki Nakagawa, Akira Sawada, Yuji Hatanaka, Takeshi Hara,
Tetsuya Yamamoto and Hiroshi Fujita
Computer Methods and Programs in
Biomedicine, Vol. 101, No. 1, pp. 23-32 (2011)
The automatic determination of the optic disc area in retinal fundus images can be useful for
calculation of the cup-to-disc (CD) ratio in the glaucoma screening. We compared three different
methods that employed active contour model (ACM), fuzzy c-mean (FCM) clustering, and artificial
neural network (ANN) for the segmentation of the optic disc regions. The results of these methods
were evaluated using new databases that included the images captured by different camera
systems. The average measures of overlap between the disc regions determined by an
ophthalmologist and by using the ACM (0.88 and 0.87 for two test datasets) and ANN (0.88 and
0.89) methods were slightly higher than that by using FCM (0.86 and 0.86) method. These results
on the unknown datasets were comparable with those of the resubstitution test; this indicates the
generalizability of these methods. The differences in the vertical diameters, which are often used
for CD ratio calculation, determined by the proposed methods and based on the ophthalmologist’s
outlines were even smaller than those in the case of the measure of overlap. The proposed
methods can be useful for automatic determination of CD ratios.

Automated Selection of Major Arteries and Veins for Measurement of
Arteriolar-to-Venular Diameter Ratio on Retinal Fundus Images
Chisako Muramatsu, Yuji Hatanaka, Tatsuhiko Iwase, Takeshi Hara and Hiroshi Fujita
Computerized Medical Imaging and Graphics,
Vol. 35, No. 6, pp. 472-480 (2011)

An automated method for measurement of arteriolar-to-venular diameter ratio (AVR) is
presented. The method includes optic disc segmentation for the determination of the AVR
measurement zone, retinal vessel segmentation, vessel classification into arteries and veins,
selection of major vessel pairs, and measurement of AVRs. The sensitivity for the major vessels in
the measurement zone was 87%, while 93% of them were classified correctly into arteries or veins.
In 36 out of 40 vessel pairs, at least parts of the paired vessels were correctly identified. Although
the average error in the AVRs with respect to those based on the manual vessel segmentation
results was 0.11, the average error in vessel diameter was less than 1 pixel. The proposed method
may be useful for objective evaluation of AVRs and has a potential for detecting focal arteriolar

narrowing on macula-centered screening fundus images.
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Automatic Measurement of Cup to Disc Ratio Based on Line Profile Analysis in
Retinal Images
Yuji Hatanaka, Atsushi Noudo, Chisako Muramatsu, Akira Sawada,Takeshi Hara, Tetsuya
Yamamoto and Hiroshi Fujita
Proceedings of the 33rd Annual International
Conference of the IEEE Engineering in
Medicine and Biology Society, pp. 3387-3390
(2011)

Retinal image examination is useful for early detection of glaucoma, which is a leading cause of
permanent blindness. In order to evaluate the presence of glaucoma, ophthalmologists may
determine the cup and disc areas and diagnose glaucoma using a vertical cup-to-disc ratio.
However, determination of the cup area based on computation algorithm is very difficult, thus we
propose a method to measure the cup-to-disc ratio using a vertical profile on the optic disc. The
edge of optic disc was then detected by use of a Canny edge detection filter. The profile was then
obtained around the center of the optic disc. Subsequently, the edges of the cup area were
determined by classification of the profiles based on zero-crossing method. Lastly, the vertical
cup-to-disc ratio was calculated. Using forty five images, including twenty three glaucoma images,
the AUC of 0.947 was achieved with this method.

Computerized Detection of Peripapillary Chorioretinal Atrophy by Texture
Analysis
Chisako Muramatsu, Yuji Hatanaka, Akira Sawada, Tetsuya Yamamoto and Hiroshi Fujita
Proceedings of the 33rd Annual International
Conference of the IEEE Engineering in
Medicine and Biology Society, pp. 5947-5950
(2011)

Presence of peripapillary chorioretinal atrophy (PPA) is considered one of the risk factors for
glaucoma. It can be identified as bright regions in retinal fundus images, and therefore,
incorrectly included as the part of the optic disc regions in the automated disc detection scheme.
For potential risk assessment and use in improving optic disc segmentation, a computerized
detection of PPA was investigated. By using texture analysis, the sensitivity for detecting the
moderate to severe PPA regions in the test dataset was 73% with the specificity of 95%. The
proposed method may be useful for identifying the cases with the PPA in retinal fundus images.

Automated Determination of Cup-to-Disc Ratio for Classification of
Glaucomatous and Normal Eyes on Stereo Retinal Fundus Images
Chisako Muramatsu, Toshiaki Nakagawa, Akira Sawada, Yuji Hatanaka, Tetsuya Yamamoto
and Hiroshi Fujita
Journal of Biomedical Optics, Vol. 16, No. 9,
pp. 96009-1 - 096009-7 (2011)

Early diagnosis of glaucoma, which is the second leading cause of blindness in the world, can
halt or slow the progression of the disease.We propose an automated method for analyzing the
optic disc and measuring the cup-to-disc ratio (CDR) on stereo retinal fundus images to improve
ophthalmologists’ diagnostic efficiency and potentially reduce the wvariation on the CDR

measurement. The method was developed using 80 retinal fundus image pairs, including 25
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glaucomatous, and 55 nonglaucomatous eyes, obtained at our institution. A disc region was
segmented using the active contour method with the brightness and edge information. The
segmentation of a cup region was performed using a depth map of the optic disc, which was
reconstructed on the basis of the stereo disparity. The CDRs were measured and compared with
those determined using the manual segmentation results by an expert ophthalmologist. The
method was applied to a new database which consisted of 98 stereo image pairs including 60 and
30 pairs with and without signs of glaucoma, respectively. Using the CDRs, an area under the
receiver operating characteristic curve of 0.90 was obtained for classification of the glaucomatous
and nonglaucomatous eyes. The result indicates potential usefulness of the automated

determination of CDRs for the diagnosis of glaucoma.

Geometric structures in four-dimension and almost Hermitian structures
Y. Matsushita
AIP  (America Institute of Physics)
Conference Proceedings, Volume 1340,
International Workshop on Complex
Structures, Integrability and Vector Fields,
66-80 (2011).
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Algebraically Special, Real Alpha-Geometries
P. R. Law and Y. Matsushita
Journal of Geometry and Physics, 61, 2064-2080 (2011).
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Takeshi Kuboki, Yusuke Ohtomo, Akira Tsuchiy, Keiji Kishine, and Hidetoshi Onodera: A
16Gbps laser-diode driver with interwoven peaking inductors in 0.18-um CMOS: pp. 1-4,
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Integrated Circuits Conference (CICC), 2010

Takeshi Kuboki, Yusuke Ohtomo, Akira Tsuchiy, Keiji Kishine, and Hidetoshi Onodera: A 16Gb/s
Area-Efficient LD Driver with Interwoven Inductor in a 0.18um CMOS, 17th Asia and South
Pacific Design Automation Conference, D2-5, ASP-DAC, (2012).

Shigekazu Miyawaki, Makoto Nakamura, Akira Tsuchiya, Keiji Kishine, and Hidetoshi Onodera:
A 10.3Gbps TransImpedance Amplifier with Mutually Coupled Inductors in 0.18- . m CMOS,
S12-1, pp. 223-226, International SoC Design Conference, (2011).

Akira Tsuchiyal, Takeshi Kubokil, Yusuke Ohtomo, Keiji Kishine, Shigekazu Miyawakil,
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(2010)
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Masayuki Kimura and Takashi Hikihara: Intrinsic Localized Modes in Mechanically Coupled
Cantilever Array with Tunable On-site Potential (Poster), SIAM Conference on Applications of
Dynamical Systems, (2011)

Masayuki Kimura and Takashi Hikihara: A Study on Excitation of Intrinsic Localized Modes in
Macro-mechanical Cantilever Array with Tunable Potentials, 2011 International Symposium on

Nonlinear Theory and its Applications, (2011)
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