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CONDENCED MATTER AND MATERIAL

Theory of Rapid Excitation-Energy Transfer
from B800 to Optically-Forbidden Exciton
States of B850 in the Antenna System LH2 of
Photosynthetic Purple Bacteria

Koichiro MUKAI, Shuji ABE, Hitoshi SUMI!
1Univ.of Tsukuba
J. Phys. Chem. B 103 29(1999) 6096-6102

Excitation-energy transfer (EET) has been observed
to be very rapid from B800 to B850, between two circular
aggregates of bacteriochlorophyll molecules (BChls), in
the light-harvesting antennacomplex LH2 of photosynthetic
purple bacteria. This rapid EET cannot be understood
within the framework of Forster's formula, since the
luminescence spectrum of B800 overlaps little with the
absorption spectrum of B850. The present work shows
that it can be rationalized on the basis of a recently
proposed formulafor EET between molecular aggregates.
Theformuladiffersfrom Forster's one when excited states
are excitonic at least in one of the donor and the acceptor
aggregates with a mutual distance not much larger than
their physical sizes, asin the present case. Excited states
of B850 are regarded as excitonic, while those of B800
as monomeric. The exciton-phonon coupling was taken
into account over all orders for B800 and within a self-
consistent second-order perturbation for B850. Cal cul ated
rates of the EET are in the range of 1011-1012 s1,
increasing weakly with temperature, in good agreement
with experiments. We demonstrate that this rapid EET
occurs to optically forbidden exciton states of B850,
without total transition dipole, due to strong interaction
of atransition dipole on a BChl in B800 with those on
nearby BChlsin B850.
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Characterization of Oxide Superconductors
Using the Faraday Effect of Iron Garnet film

Y uko YOKOYAMA andY oshishige SUZUKI
Bulletin of the Electrotechnical Laboratory 62 12
(1998) 175-187

Flux density distribution in the superconductor offers
direct information about the magnitude and distribution
of the shielding current. The flux density distribution are
observed using an iron garnet film as a sensor of magnetic
field. Theflux density distribution of Bi,Sr,CaCu,Og4 bulk
single crystal, Bi,Sr,CaCu,Og sintered poly crystal,
Bi,Sr,CaCu,0Oq4 sintered tape, YBa,CuzO, thin film,
Y Ba,Cu;0, sintered poly specimen and Y Ba,Cu,0, field
oriented sintered specimen astypical oxide superconductors,
are observed and discussed using Beans model.

Coupled-Cluster Approach to Electron
Correlationsin the Two-Dimensional Hubbard
M odel

Y oshihiro ASAI and Hideki KATAGIRI
Physical Review B Rapid Communications 60 20
(1999) R13946-R13949

We have studied electron correlations in the doped
two-dimensional (2D) Hubbard model by using the
coupled-cluster method (CCM) to investigate whether or
not the method can be applied to correct the independent
particle approximations actually used in ab-initio band
calculations. The double excitation version of the CCM,
implemented using the approximate coupled pair (ACP)
method, account for most of the correlation energies of
the 2D Hubbard model in the weak (U/t~1)and the
intermediate U/t regions (U/t~4). The error is always less
than 1 % there. The ACP approximation gets less accurate
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for large U/t (U/t~8) and near half-filling. Further
incorporation of electron correlation effects is necessary
in this region.The accuracy does not depend on the system
size and the gap between the lowest unoccupied level and
the highest occupied level due to the finite size effect.
Hence, the CCM may be favorably applied to ab-initio
band calculations on metals as well as semiconductors
and insulators.

Adsorption and Desor ption Kinetics of Oxygen
on the Pd(110) Surface

Kazutoshi YAGI, Daiichiro SEKIBA® and
Hirohito FUKUTANI?
Surface Science 442 2 (1999) 307-317
1Univ. of Tsukuba

Adsorption and desorption of oxygen on a Pd(110)
surface have been investigated by temperature
programmed desorption (TPD). A number of TPD spectra
for associative desorption of O, from O/Pd(110) surface
were taken at constant heating rate with different initial
coverage and at constant initial coverage with different
heating rate. The TPD curves were analyzed by desorption
rate isotherm and desorption rate isostere method. The
variationsin apparent Arrhenius parameters with coverage
were obtained by fitting to Polanyi-Wigner equation. The
first order associative desorption kinetics was found,
suggesting the effect of lateral interaction and oxygen-
induced added row reconstruction. Two different
processes for associative desorption of oxygen from O/
Pd(110) surface were found. The sticking probability for
the dissociative adsorption of O, on Pd(110) surface has
been measured as a function of surface coverage and
surface temperature using two mass spectrometers. The
sticking probability profile suggested a precursor
trapping-dissociation mechanism. The initial sticking
probability was independent of surface temperature.

Electronic Structure of Superconducting
Layered Zirconium and Hafnium Nitride

Izumi HASE and Y oshikazu NISHIHARA!
lbaraki Univ.
Physical Review B 60 4 (1999) 1573-1581
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The electronic energy band structures for 3-ZrNCl and
B-HfNCI, which can be superconducting by intercalation,
have been calculated by using the scalar-relativistic full-
potential linearized augmented-plane-wave method within
the local-density approximation. For 3-ZrNCl we have
calculated the electronic structure for the four proposed
crystal structures, and obtained two kinds of qualitatively
different energy bands. For the first two structures, the
calculations show that this compound is a band insulator
with agap of ~0.2eV, which is significantly smaller than
the experimental value. For the last two structures, this
band gap is increased to ~1.6eV and ~0.8eV, which is
closer to the experiment. Comparison between other
experimental data and the calculated density of states also
supports the crystal structure of the recent neutron
diffraction experiment. A tight-binding analysis have
revealed that the direct d-d hopping is important for the
gap formation of the mother material. We have compared
the experimental Tc, calculated band gap and density of
states for several intercalation-derived superconductors
and found some empirical trends.

d-Wave State with Multiplicative Correlation
Factorsfor the Hubbard M odel

Takashi YANAGISAWA, Soh KOIKE and
Kunihiko YAMAJI
Journal of the Physical Society of Japan 68 11 (1999)
3608-3614

A d-wave state wave function with multiplicative
correlation factors for the Hubbard model is investigated
by using avariational Monte Carlo method. Employing a
simple Gutzwiller-BCS wave function as a starting wave
function, we consider improved wave functions with off-
diagonal correlation factors. The ground state energy is
evaluated from an extrapolation. Our wave functions show
that pair correlation functions are enhanced for anegative
value of t'.
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Fermi Surface Properties and de Haas-van
Alphen Oscillation in both the Normal and
Super conducting Mixed States of URu,SI,

HitoshiOHKUNI, Y oshihiko INABA,
Y oshifumi TOKIWA, Kenji SAKURALI,
Rikio SETTAIL, T. HONMA, Y. HAGA,

E. YAMAMOTO?, Y oshichika ONUK 1,
Hiroshi YAMAGAMI3, Saburo TAKAHASHI4 and
Takashi YANAGISAWA
1Department of Physics, Osaka Univ.
2Japan Atomic Energy Research Institute
3Department of Physics, Uviv. of Tohoku
4Institute for Materials Research, Tohoku Univ.
Philosophical Magazine B B79 7 (1999) 1045-1077

We have succeeded in growing a high-quality single
crystal of URu,SI, with aresidual resistivity ratio of 255 and
performed magnetoresistence and de Haas-van Alphen
experiments. The dHVA oscillations were observed clearly
in both the normal and superconducting mixed states.

High Quality L ow Roughness Niobium Thin Films
Made by Electron Cyclotron Resonance
Technique

Antonio ESPOSITO, Hiroshi NAKAGAWA,
Hiroshi AKOH and Susumu TAKADA
J. Vac. i Technol. A 17 6 (1999) 3525-3528

We performed growth of body-centered-cubic Nb thin
films using an electron cyclotron resonance (ECR) technique
on {100} Si substrates. We deposited Nb films using both
Ar and Xe plasmas. Reflection high-energy electron
diffraction and atomic force microscopy analyses have been
performed in order to observe the surface topography. We
found that the surface roughness of films deposited by ECR
is 4-5 times smoother than films deposited by magnetron
sputtering systems. We obtained this result even at room
temperature deposition conditions.

Growth and Characterization of the I sotopically
Enriched 2Si Bulk Single Crystal

Ken-ichiro TAKYU?, Kohei M. ITOH*?, Kunihiko OKA,
Naoaki SAITO and Valerii I. OZHOGIN?
'Faculty of Science and Technology, Keio Univ.
2PRESTO, Japan Science and Technology Corporation
Russian Research Center, Kurchatov Institute
Jpn. J. Appl. Phys. 38 Part 2 12B (1999) L1493 - L1495

We report on the successful growth of an isotopically
enriched 2Si bulk single crystal of the size ~4 mm in diameter
and ~50 mm in length. The isotopic enrichement of %Si
(99.924 &%), *Si (0.073 a%), and *S (0.003 at%) has been
determined by secondary-ion-mass spectroscopy (SIMS). The
crystal isentirely p-type with the room temperature free-hole
concentration ~5 x 10%cmr3. The majority impurity isfound
to be aluminum which can be removed easily in the future
zone purification process.

Comparison of Thin GaN and AIN Layers
Depositied by Plasma Assisted Molecular Beam
Epitaxy on 6H-SIC

Gabriel FERRO?, Hajime OKUMURA and
Sadafumi Y OSHIDA
1STA Fellow

Jpn. J. Appl. Phys 38 6A (1999) 3634-3641

We have studied the effect of the deposition temperature
and high temperature annealing on the quality of thin GaN
and AIN layers on 6H-SiC substrates. By systematic
characterization using reflection high energy electron
diffraction (RHEED) and atomic force microscopy (AFM),
we have shown that the two nitrides act differently in the
early stage of growth. GaN undergoes a Stransky-K rastanov
transition enhanced by the post growth annealing. AIN isless
sensitive to the effect of annealing and the layers are
comparatively smoother than the GaN ones. GaN giveseasily
the cubic phase at low temperatures whereasit islessfeasible
for AIN. For each material, better morphology and
crystallinity are achieved at the highest tempearture studied
(800°C) but AIN ispreferableto GaN asno Idands areformed
with AIN.
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Computer Simulation for Analysisof Lattice
Polarity of Wurtzite GaN{0001} film by Coaxial
Impact Collision lon Scattering Spectr oscopy

Saki SONODA, Saburou, SHIMIZU?,

Y asumasa SUZUK %, Krishnan BALAKRISHNAN?,
Jun-ichi SHIRAKASHI, Hgjime OKUMURA,
Takaharu NISHIHARA?® and Makoto SHINOHARA?
LJLVAC JAPAN Ltd.

AMTO OO OO
sShimadzu Corporation
Jpn. J. Appl. Phys. 38 (Part 2) 11A (1999) L1219-L.1221

Signal intensities of coaxial limpact collision ion
scattering spectra have been computed for c-axis-oriented
GaN filmsat variousincidenct anglesin order to analyse the
lattice polarity based on the three-dimensional two-atom
triple-scattering model. It was found that Gaand N signal
imtensities show specific incident angle dependences on
(0001) and (OOOi) surfaces. The physical image of each
characteristic feature in the spectrawas also clarified.

Optical Characterization of Cubic AlGaN
Epilayers by Cathodoluminescence and
Spectroscopic Ellipsometry

Hajime OKUMURA, Takayoshi KOIZUMI?,
Yuuki ISHIDA, Hiroyuki YAGUCHI? and
Sadafumi Y OSHIDA?

Ihibaura Institute of Technology
2Saitamsa Univ.

Phys. Sa. Sol. (b) 216 (1999) 211-214

Cubic AlGaN epilayers grown by molecular beam epitaxy
were characterized by cathodoluminescence and
spectroscopic ellipsometry techniques. The linear increase
of the bandgap energy against Al composition was
consistently confirmed by the two techniques, which indicates
the direct transition nature of cubic AlGaN band structure.
The energy dependence of optical constants for cubic GaN
were also obtained by the simulation of measured
ellipsometric data.

Defect related Persistent Effectsin MBE Grown
Gallium Nitride Epilayers

Chavva.V. REDDY?, Krishnan BALAKRISHNANS?,
Hajime OKUMURA and Sadafumi Y OSHIDA
1STA Fellow
AMTOOOOO
J. Cryst. Growth 201/202 (1999) 376-381

The results of spectral aswell as temperature dependent
photoconductivity measurements performed on molecular
beam epitaxy (MBE) grown gallium nitride (GaN) epilayers
are reported in this work. It is observed that persistent
photoconductivity (PPC) is seen in only those materialswhich
contain the yellow luminescence (YL) band. It is further
reveded that there exists aclear threshold for the observation
of PPC in our GaN epilayers both at 77K and 297K. The
releveance of this threshold with the YL band in GaN is
discussed within the scope of our experimental observations.

Growth and Characterization of Cubic AlGaN
and AIN Epilayers by RF-plasma Assisted MBE

Takayoshi KOIZUMI?, Hgjime OKUMURA,
Krishnan BALAKRISHNAN?Z, Hiroshi HARIMASZ,
Toshiaki INOUE?, Yuuki ISHIDA, Takao NAGATOMO?,
Shin-ichi NAKASHIMA?® and Sadafumi Y OSHIDA
IShibaura Institute of Technology
AqTITO OO OO
%0Osaka Univ.

J. Cryst. Growth 201/202 (1999) 341-345

We have succeeded in growing cubic AlGaN epilayers
in the whole Al compositional region for the first time, on
3C-SiC (001) substrates by radio frequency N, plasma
molecular beam epitaxy. The use of AIN buffer layers was
found effective for the growth on 3C-SiC substrates. The
lattice constant of obtained cubic AlGaN epilayers was
confirmed to obey the Vegard's law in the whole
compositional region, and several Raman modes were
observed. The highest emission energies in the
cathodol uminescence spectra of the cubic AlGaN epilayers
increased linearly as Al composition increased, and no
significant decrease in the emission intensity was observed.
These results suggest the direct transition band structure of
the cubic AlGaN, contrary to the theoretical prediction.
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Magnetism of La, Sr Cu,O,: A Hybrid System

with L ocalized One-dimensional Cu-O Chains and
an Itinerant Three-dimensional Cu-O Network

000000000000000000
0ooo0oooooo:t
\goooo
Physical Review B 60 22 (1999) R15031
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Ab initio Pseudopotential Band Calculation of
Organic Conductors

Shoji ISHIBASHI, Masanori KOHY AMA?
IONRI
Journal of Low Temperature Physics 117 5/6 (1999)
1753-1757

We have calculated the band structures of organic
conductors TTF-TCNQ and B-(BEDT-TTF),I, using the ab
initio plane-wave pseudopotential method within the local-

density approximation (LDA). The Fermi-surface shape and
the origin of bands near the Fermi level are investigated for
each compound.

Real-time M odulation of Si-H Vibration in
Hydrogenated Amor phous Silicon

Hidetoshi OHEDA
Physical Review B 60 24 (1999) 16531

Photomodulation of Si-H stretching vibration can be
observed in hydrogenated amorphous silicon (a-S:H) as a
photoinduced bleaching (PB) band around 2000 cn which
is embedded in a photoinduced absorption spectrum coming
from excess carrierstrapped at tail states. Sincethisvibronic
modulation is a real-time change following a modulated
excitation, it is different from awell known metastability in
a-Si:H as induced by strong light-soaking. It is suggested
from the theoretical work reported by Y onezawa et al. [J.
Non-Cryst. Solids 137& 138, 135 (1991)] that the modulation
of a Si-H vibration reflects a change in length of a
neighbouring weak Si-Si bond following a modulated
excitation. Based on this picture, we have tried to see how
the spectrum of the PB band changes when the weak Si-Si
bonds are broken or reformed by light soaking or thermal
annealing, respectively. Change in the spectrum after the
trestments could be observed over amost whole range of the
PB band and, this vibronic modulation seems to be related
sdlectively with the monohydride configuration of Si-H bond.
By evaluating quantitatively the spectral change in the PB
band combined with simultaneous change in dangling-bond
density, density of the weak Si-Si bonds or neighbouring Si-
H bonds responsible for the vibronic PB band can be
estimated to be about 5 x 10" cm®. Thisvaueismuch smaller
than the amount of the monohydride Si-H bonds contained
in specimens used here by about four orders of magnitude,
indicating that only avery few part of the existing Si-H bonds
participates the structural flexibility in aSi:H.

A Tight-Binding M odel of Phenylene M olecules
with meta-Connections 0 Implicationsfor
Phenylacetylene Dendrimers

Y ukihiro SHIMOI and Barry A. FRIEDMAN?
1Sam Houston State University, ETL

o 111 M



go00o0oooo0ooob0obesnOn 4060

Chemical Physics 250 1 (1999) 13-22

A simple tight-binding model can describe the most
essential features of the optical properties of phenylacetylene
dendrimers. We investigate two kinds of chain modelswhich
are obtained by simplifying two series of dendrimersand are
composed of linear segment of phenyl rings connected to
each other at meta-positions. These chain models exhibit
different size dependence of the gap between HOMO (highest
occupied molecular orbital) and LUMO (lowest unoccupied
molecular orbital), corresponding to that of the observed
optical gap in dendrimers. In the chain model in which the
gap decreases with molecular size, the HOMO and its
consecutive orbitals are localized within each segment. In
the other kind of chain in which the decrease of the gap is
much more moderate, the orbitals form afairly narrow band
instead of the localization, although each orbital seems
delocalized in appearance. These features are ascribed to the
small absolute values of coefficients of the HOM Os at meta-
positions in the constructing segments.

J-Aggregatesin Langmuir-Blodgett Films of a
Memocyanine Dye without Metallic Cations :
Using FT-IR to Observe Changesin the
Electronic Structure of the Molecules upon
Aggregation

Keiichi IKEGAMI, Christophe MINGOTAUD!? and
Minbo LAN
1CRPP/CNRS, France
J. Phys. Chem. B 103 51 (1999) 11261-11268

Langmuir-Blodgett films of mixtures of fatty acids
(FA) and amerocyanine dye (DS), bearing one long alkyl
chain and one carboxylic group, were prepared at a
nitrogen—pure water interface. The films exhibit a distinct
and highly anisotropic J-band near 605 nm, even though
they do not contain any metallic or ammonium cations.
Although an isotropic band was seen in the region of 500—
550 nm, the contribution of the J-aggregates was extracted
from the observed visible and IR absorption spectra by
using the difference in the polarization of the bands. This
analysis indicates a change in the electronic structure of
DS in the J-aggregates, probably corresponding to
intramolecular charge transfer. Furthermore, this analysis
also suggests that in this metal-free case, the formation
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of the J-aggregates is strongly affected by the hydrogen
bonding between the carboxylic groupsin two DS and
that between the carboxylic groupsin DS and FA.

Structural Change of Langmuir and Langmuir -
Blodgett Films of AlkyIDCNQI Induced by
Charge-transfer Reaction at the Air-water

Interface

Keiichi IKEGAMI, Minbo LAN and
Takayoshi NAKAMURA1
1Hokkaido Univ.

J. Chem. Phys. 112 2 (1999) 881-886

UV -visible absorption spectrum of pure 2-methyl-5-
octadecyl-N,N’-dicyanoquinonediimine (C18MeDCNQI)
Langmuir films and that of C18MeDCNQI-Cul mixed
Langmuir films indicated the occurrence of charge-
transfer (CT) reactions at the air-water interface in the
latter case. These Langmuir films were deposited onto
solid substrates as Langmuir-Blodgett (LB) films by the
horizontal lifting method. Polarized UV-visible-IR
absorption spectraand X-ray diffraction patterns recorded
for the obtained LB films revealed a drastic structural
change induced by the CT reactions: an interdigitated
bilayer structure was suggested for the pure films, while
amonolayer structure for the CT films. Furthermore, the
CT degree of the major component of the mixed LB films
was estimated at —1, unlike in the case of Cu-DCNQI
crystals, for which the CT degreeis -2/3.
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Conditions for Fabrication of Highly
Conductive Wires by Electron-Beam-lnduced
Deposition

Hiroshi HIROSHIMA, Norihito SUZUKI,
Naomi OGAWA and Masanori KOMURO
Japanese Journal of Applied Physics 38 (1999)
7135-7139

Conductive wires were fabricated by electron-beam-
induced deposition (EBID) using WF, gas. It was difficult
to fabricate highly conductive wires with good
reproducibility unless samples were cleaned before EBID.
Contamination appears to be reducing the conductivity
of wires. O, plasma cleaning of samples before EBID
seems to reduce contamination growth; however, it is not
effective for regions in the vicinity of Au patterns. We
found that by combining of annealing at 300 degree C
and O, plasma cleaning, highly conductive wires could
be fabricated with relatively good reproducibility in such
regions. A linear relation was found between wire
conductance and linedose at lindoses of more than 70 uC/
cm. The change in deposition yield estimated from
conductance was about 12 % when the gas flux was
halved. Wireswith alength of less than 40 nm were less
conductive than longer wires because of a shortage in gas

supply.

Synthesis of Oriented Meso-Structure Silica
Functional Thin Film

H.S. ZHOU, D. KUNDU and I. HONMA
J. European Ceramic Society 19 (1999) 1361-1364

We report the synthesis of oriented silica meso-structure
films by surfactants such as hexadecyltrimethylammonium
bromide (C16TMA) or 11-ferrocenylundecyl-ammonium
bromide (Fe-TMA) surfactant on a sol-gel method by spin
coating. X-ray diffraction of the film showed that the film
oriented in a lamellar, hexagonal or cubic structure, just
depending on C16TMA's concentration. In the case of
lamellar oriented film by Fe-TMA, linear temperature
dependent conductivity properties were observed.

Dye-Doped Photosensitive M esostructure
Materials

H.S.ZHOU and |. HONMA
Adv. Mater. 11 (1999) 683-685

Highly ordered three-dimensional mesoporous materials
with pore size from 1nmto 10nm are already technologically
important for avariety of applications as catalysis, sieve and
adsorbent. We have developed a new approach for doping
dye in the mesoporous materials to designate the
photosensitive functional materials extending their
applications to optic and photonic field. The photosensitive
and photosynthetic molecules phthal ocyanine(Pc), and
chlorophyll(Chl) doping oxides meso-structure
materials(MM), such as Si02, V205, WO3 and MoO3, have
been directly synthesized by a self-organized co-assembly
method of mixing Pcor Chl with hexa-decyltrimethylammonium
chloride (C16-TMA) surfactant, successfully. X-ray
diffraction pattern (XRD) and the optical absorption spectra
are also investigated. These materials are useful for various
application such as optical nonlinearity, photocatalysis,
photosynthesis and solar cell. The photocatalysis of Pc/MxQOy
(MxOy = Si02, V205, WO3 and MoO3) meso-structure
materials have been explored that Pc/WO3 provide reductive
electrons to water molecules to decompose into hydrogen by
avisible light exposure.

L ow-temperature Growth of Crystalline Silicon on
a Chlorine-terminated Surface

Lihui GUO?, Yasutake TOY OSHIMA, Michio KONDO
and AkihisaMATSUDA
INEDO Fellow
Applied Physics Letters 75 22 (1999) 3515-3517

We have investigated the low-temperature growth of
crystalline silicon from monosilane and/or dichlorosilanewith
hydrogen diluent under glow discharge plasma. Good
crystallinity is obtained for the films prepared without
dichlorosilane, or alternatively without monosilane. The
crystalinity deteriorated markedly when both dichlorosilane
and monosilane are added to the starting gas material. This
cooperative roles of chlorine and hydrogen are proposed in
the Si growth mechanism based on the plasma diagnostic
techniques including optical emission spectroscopy and
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surface infrared spectroscopy.

Homoepitaxial Diamond Film with Atomically
Flat Surfacein Large Area

Hideyuki WATANABE, Daisuke TAKEUCHI,
Sadanori YAMANAKA, Hideyo OKUSHI,
Koji KAJIMURA and Takashi SEKIGUCHI

Diamond and Related Materials 8 (1999) 1272-1276

Homoepitaxial diamond films with atomically flat
surface were grown using the microwave plasmachemical
vapor deposition method at alow CH, concentration of
less than 0.05% in a CH, and H, mixed gas system. In Ib
(001) diamond substrates having misorientation angles
of 0.5°, atomic force microscope image on the surface of
film grown at 0.025% CH,, concentration showed that the
films had atomically flat surface with mean roughness of
0.04 nm in area as large as 4x4mmZ (the whole region of
the substrates).

High Quality Homoepitaxial Diamond Thin
Film Synthesiswith High Growth Rate by a
Two-step Growth Method

Daisuke TAKEUCHI, Sadanori YAMANAKA,
Hideyuki WATANABE, Hidetaka SAWABE,
Hideki ICHINOSE, Hideyo OKUSHI and
Koji KAJIMURA
Diamond and Related Materials 8 (1999) 1046-1049

Homoepitaxial diamond films grown in the condition
of CH,/H, ratio lower than 0.15% in an microwave
assisted plasma chemical vapor deposition system had
excellent electrical and optical properties without any
unepitaxial crystallites (UCs). Under such low CH,
concentration condition, however, the growth rate
becomes too slow to obtain useful thickness. In order to
remove the difficulty of this problem, we attempted to
the two-step growth method. In the first step of this
method, the substrate surface was treated by
homoepitaxial growth of diamond in the presence of
0.05% CH, in H,, and in the second one, the CH,
concentration was increased. Considering the origin of
UC with cross-sectional transmission electron microscope

studies, it was found that this method based on surface
improvement of the initial substrate by means of ultra-
low CH, concentration growth. This method was quite
useful to obtain high quality films, with high growth rate
and reproducibility.

Device Grade Homoepitaxial Diamond Thin
Films Grown by Step-flow M ode

Daisuke TAKEUCHI, Sadanori YAMANAKA,
Hideyuki WATANABE, Hideyo OKUSHI and
Koji KAJIMURA
Transactions of the Materials Society of Japan 24 [4]
(1999) 595-598

High quality homoepitaxial diamond thin films were
obtained with step-flow growth by microwave plasma
chemical vapor deposition in the presence of CH, lower
than 0.15% diluted by H.,. These films showed atomically
flat surface and excitonic emission (5.27 eV) at room
temperature that was related to the wide band-gap of
diamond (5.45 eV). The atomic force microscopy
observation revealed that these films had bi-atomic layer
stepswithout any unepitaxial crystallitesin the whole area
of 4x4 mm2 |b (001) synthetic diamond substrates, whose
terrace width depended on the off-angle of each substrate.
The hydrogenated atomically flat diamond thin films,
which behaved as p-type semiconductors, realized ideal
Schottky junction properties by means of Al deposition.
These results indicated that device grade diamond thin
films were grown by step-flow mode. The key to obtain
such an ideal diamond thin films was growth rate lower
than 30 nm/h, which was much lower than conventional
one.

Defectsin Device Grade Homoepitaxial Diamond
Thin Films Grown with Ultra-low CH /H,
Conditions by Microwave-plasma Chemical
Vapor Deposition

Daisuke TAKEUCHI, Sadanori YAMANAKA,
Hideyuki WATANABE, Hideyo OKUSHI and
Koji KAJMURA
physica status solidi (a) 174 (1999) 101-115
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Recent progress in our study of high-quality
homoepitaxia diamond thin films was obtained through the
low CH,/H, conditions by microwave-plasmachemical vapor
deposition (CV D). These showed atomically flat surfacesand
excitonic emission (5.27 eV) at room temperature, while
band-A emission (2.95 eV) originated from defect-related
centers decreased. These films also realized excellent
properties of Schottky junctions between Al and high-
conductivity layer near the hydrogenated surface, indicating
that these films are device grade one. On the other hand, when
the CH, concentration wasincreased, homoepitaxial diamond
filmsincluded unepitaxia crystallites (UCs), which degraded
the Schottky junction properties. Other flat surface parts
showed excitonic emission at room temperature, indicating
that thisregion is till the device grade. We found that the
band-A emission only appeared at UC sites. High-resolution
transmission electron microscopy (HRTEM) revealed that
many amounts of (111) Y 3 twin boundaries and some defects
around them existed.

L ow Compensated Boron-doped Homoepitaxial
Diamond Filmsusing Trimethylboron

Sadanori YAMANAKA, Daisuke TAKEUCHI,
Hideyuki WATANABE, Hideyo OKUSHI and
Koji KAJIMURA
physica status solidi (a) 174 (1999) 59-64

We have grown low-compensation-controlled boron (B)-
doped homoepitaxial diamond films with trimethylboron
B(CH,), gas as a B doping source using microwave plasma
chemical vapor deposition (CVD). This study was based on
the approach that the synthesis of device-quality films was
performed in aclean CVD system with the ability of precise
growth condition control. Hall-effect measurements showed
that the highest values of Hall mobility in the B-doped films
were 1840 cm?/V s at room temprature (290K ), when the hole
concentration was 2x10* cm3, and 3370 cm%Vsat 170 K.
The donor (compensation) concentration and the
compensation ratio of this film were (4+1)x10* cm= and
about 0.4%, respectively. Both values are the lowest ones of
B-doped diamonds, including natural |1b ones, reported till
now. Furthermore, high-quality Schottky junctions have been
obtained by using our B-doped films. These results indicate
that the present B-doped CVD films are semiconducting
device-grade.
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High Performance Diamond MESFET with 1um
Gate Length

Hitoshi UMEZAWA!, Kazuo TSUGAWA?,
Sadanori YAMANAKA, Daisuke TAKEUCHI,
Hideyo OKUSHI and Hiroshi KAWARADA!
WWaseda University
Jpn. J. Appl. Phys. 38 (1999) L1222-1224

High performance MESFETSs using the p-type surface
conductive layer on homoepitaxial diamond isdemonstrated.
The maximum transconductance is 110 mS/mm, which is
the highest value ever reported in diamond FETS, and exceeds
the normal transconductance of a Si-MOSFET in the
equivaent gate length. The transconductance in the present
diamond FETsis proportional to thereciprocal of gate length,
and the characteristics can be improved by the refinement of
gate length in the future. By using the appropriate FET
fabrication process, it is expected that the transconductance
of adiamond MESFET exceeds 500 mS/mm at 0.2 um gate
length.

Essential Changein Crystal Qualities of GaN
Films by Controlling L attice Polarity in Molecular
Beam Epitaxy

Xu-Qiang SHEN?, Toshihide IDE?, Sung-Hwan CHO?,
Mitsuaki SHIMIZU, Shiro HARA, Hajime OKUMURA,
Saki SONODA*, Saburo SHIMIZU*

INEDO Féllow
2Meiji Univ.
‘ooooooooo
YULVAC JAPAN Ltd.

Jpn. J. Appl. Phys. 39 (1999) L16-L.18

GaN heteroepitaxial growth on sapphire (0001) substrates
was carried out by raio-frequency plasma-assisted molecular
beam epitaxy. A Ga-polarity growth was achieved by using
an AIN high-temperature buffer layer. The epilayer polarity
was characterized directly by coaxial impact collision ion
scattering spectra. It was found that the properties of the GaN
films showing Ga-face polarity, including their structural and
electrical properties, were dramatically improved compared
to those of films with N-face polarity. This important
conclusion is considered to be a breakthrough in the
realization of high-quality I11-nitride filmsby MBE for device
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applications.

Plasma-Assisted M olecular Beam Epitaxy of
GaN:In Film on Sapphire (0001) Having the
Single Polarity of (0001)

Saki SONODA, Saburo SHIMIZU?,
Krishnan BALAKRISHNAN? and Hgjime OKUMURA
'ULVAC JAPAN Ltd.
AMTOOoOonO
J. Cryst. Growth 209 (2000) 364-367

GaN:In films having the single polarity of (0001) were
successfully grown on sapphire (0001) substrate by plasma-
assisted molecular beam epitaxy. The determinations of
polarity were carried out by coaxial impact collision ion
scattering spectroscopy. The GaN:In films grown at 600°C
with In flux had a single polarity of (0001), whereas the
GaN:Infilms grown at 550°C with In flux and the GaN films
grown at 600°C without In flux consisted of two kinds of
domains of Ga-face and N-face, that is (0001) and (0001),
respectively. From secondary ion mass spectroscopy
measurements, the In contentof the film grown at 600°C was
found to be lower than that grown at 550°C. These facts
imply that the occurrence of (0001) single polarity for the
filmsgrown at 600°C isrelated to In desorption during growth
and/or incorporation of a small amount of In in the films.

RF MBE Growth of Quasi-InGaN Alloys by using
Multilayer Structure

Sung-Hwan CHO! and Hajime OKUMURA
ooooooooo
J. Cryst. Growth 209 (2000) 401-405

InGaN and quasi-InGaN alloy were grown on sapphire
(0001) substrates by using conventional and ((GaN), /(InN) ),
multilayer methods, respectively. For an InGaN aloy grown
by using the conventional method, XRD showed phase
separation of InN for InGaN epilayer of 0.4micrometer
thickness having In composition of about 47% and the
presence of In droplets was confirmed by scanning electron
microscope. For a quasi-InGaN alloy grown by using
((GaN),/(InN),,,),, multilayer structure, XRD showed only
two diffraction peaks: one at 34.55° corresponds to GaN
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buffer layer and the other at 32.95° to a quasi-InGaN with a
((GaN),,/(InN),,.), multilayer structure. The diffraction angle
from the multilayer structure corrrespondsto that of an InGaN
layer with an In composition of 50%. The surface morphology
of this sample was flat with no In droplets.

Growth Mode of AIN Epitaxial Layerson 6H-SIC
by Plasma-assisted M olecular Beam Epitaxy

Gabriel FERRO?, Hgjime OKUMURA and
Sadafumi YOSHIDA
1STA Fellow
J. Cryst. Growth 209 (2000) 415-418

AIN layers were grown on 3.5° off 6H-SiC substrate by
plasma-assisted molecular beam epitaxy. A study of the
growth mechanism has been carried out by varying the growth
timeand the ll1/V ratio, at a constant growth temperature of
800°C. The layers were characterized by means of RHEED,
AFM and XRD. It is shown that N-rich conditions always
giveriseto athree-dimensiona growth with spotty RHEED
patterns and rough surface. In Al-rich conditions, the growth
is much more two-dimentional like with streaky RHEED
patterns. By AFM, step bunching growth is observed. The
size of the steps depends on the thickness of the layer aswell
as on the I11/V ratio. All the samples grown in Al-rich
conditions showed better crystalline quaity than those grown
in N-rich conditions.

Effect of Higher Silanesin Silane Plasmas on
Properties of Hydrogenated Amorphous Silicon
Films

Atsushi SUZUKI
Japanese Journal of Applied Physics 38 11B (1999)
L1315-L1317

The properties of hydrogenated amorphous silicon (a-
Si:H) were investigated and correlated to the densities of
neutral higher silane (HS) moleculesin silane radio frequency
(rf) glow discharge plasmas which are used to grow a-Si:H
films. The suppression of defect densities at the light soaked
state was observed for "device-grade” aSi:H with adecrease
in the density of HS. On the basis of the dependence of the
density of HS on the deposition rate, it is suggested that
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deterioration of the properties of a-Si:H deposited at a high
deposition rate is attributed to the increase in the number of
HSsin silane plasmas.

Crystal Growth of 111-V Materialson Si
Substratesfor Solar Cell Applications

H. KAWAKAMI and K. BASKAR
Proc. the Tenth International Workshop on the Physics of
Semiconductor Devices 11 (1999) 1185-1190

Heteroepitaxial layers of GaAs have been grown on Si
substrates by molecular beam epitaxy. In-situ thermal cycle
annealing (TCA) and post-growth rapid thermal annealing
(RTA) have been used to increase the crystalline quality of
the heteroepitaxial layers. The transmission electron
microscopy study revealed the annihilation of 60° dislocations
and the presence of stacking faultsby TCA. RTA after TCA
had resulted the layers free from stacking faults. The double
crystal x-ray diffraction (DXRD) and photoluminescence
(PL) have confirmed that prolonged annealing beyond 10
sec by RTA had no effect on the crystalline quality. The best
full-width at half maximum values of DXRD and PL were
obtained only for the TCA samples, as 127 arc-sec and 2.6
meV respectively. The position of the band edge emissions,
impurity and defects related emissions changes depending
on the nature of annealing and has been attributed to thetensile
strain variations in the epitaxial layers.

Local Non-Fermi Liquid Theory of Magnetic
Impurity effectsin Metallic Carbon Nanotubes

Kikuo HARIGAYA
J. Phys. Soc. Jpn. 69 (2000) 316-319 (L etters)

Magnetic impurity effects on metallic carbon nanotubes
are studied theoretically. The resolvent method for the multi
channel Kondo effect is applied to the band structure of the
kp perturbation hamiltonian in the limit of the infinite onsite
repulsion at theimpurity site. We discussthe loca non-Fermi
liquid behavior at temperatures lower than the Kondo
temperature T,. The density of states of localized electron
has asingularity i« which givesriseto apseudo gap at the
Kondo resonance in low temperatures. The temperature
dependence of the electronic resistivity is predicted as (,
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and the imaginary part of dynamical susceptibilities has the
Jw dependence. Possible experimental observations are
discussed.

ELECTRONIC DEVICES

Optimization of Transistor Structurefor
Transistor-Stabilized Field Emitter Arrays

Takashi MATSUKAWA, Keisuke KOGAY,
Seigo KANEMARU, Hisao TANOUE and Junji ITOH
!Matsushita Electric Industrial Co., Ltd.
|EEE Transactions on Electron Devices 46 11 (1999)

Reliability of the metal-oxide-semiconductor field-effect
transistor (MOSFET)-stabilized field emitters at high-field
operation has been assessed by comparing two different
MOSFET structures. Electrical characteristics and behavior
of carriersin the device structure have been investigated by
means of device smulation. One structure, which isreferred
to asthe externally-connected-MOSFET emitter, exhibits an
anomalous increase in drain current, which is induced by
impact ionization at the drain edge. Upon evaluating the
emission characteristics, it was clarified that the anomal ous
current increase induced by the impact ionization degraded
stability and controllability of the emission current
significantly. The other structure, which is referred to asthe
MOSFET-structured emitter, shows higher reliability with
negligible effect of impact ionization.

Epitaxial Bi,Ti,O,, thin Film Growth using Bi

3712
Self-limiting Function

S. MIGITA, H. OTAL, H. FUJINC?, Y. KASAI and
S. SAKAI
ysrooo
2Univ. of Tsukuba
Journal of Crystal Growth 200 (1999) 161-168

Epitaxial Bi,Ti,O,, (BIT) thin films are grown by
molecular beam epitaxy using the Bi self-limiting function.
On appropriate growth conditions, Bi and Ti atoms are
supplied with alarge Bi/Ti supply ratio. The deficiency of
Bi composition in the growing film is prevented by thislarge
ratio, and surplus Bi atoms which do not contributeto BIT
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growth are evaporated from the surface. BIT films are
characterized by reflection high energy electron diffraction,
atomic force microscopy, and x-ray diffraction. The films
grow in atwo-dimensional layer by layer manner whose layer
unit is the 1.6-nm-thick BIT molecular layer. As a natural
conseguence of the method, the thickness of BIT filmsis
determined simply by the total amount of Ti atom flux.

Growth Style of Bi,Ti,O,, Thin Filmson CeO,/

3712

Ce, 21,0, Buffered Si Substrates

S. MIGITA, T. UESUGI?, H. KISHIY, T. HIRAIY,
S. SAKAI, and Y. TARUI*
Waseda Univ.
Japanese Journal of Applied Physics 38 (1999) 5411-5416

Epitaxial Bi,Ti,O,, thin films are grown on CeO,/
Ce, 21,0, buffered Si (100) substrates. The buffer consists

0.12

of 40A Ce, , 21,40, and 80 A CeO, layerswhich are grown
on Si (100) substrates by an e-beam evaporation method.
Bi,Ti,O,, films are grown by the molecular beam epitaxy
method using the Bi self-limiting function. Epitaxial growth
of these layers on Si is confirmed by X-ray diffraction
analyses. Growth styleof Bi, Ti.,O,, filmsisexamined in detail
by observations of reflection high-energy electron diffraction
and atomic force microscopy, and the growth mechanismis

discussed.

A Novel Approach to Chip-to-chip
Communication using a Single Flux Quantum
Pulse

Masaaki MAEZAWA, Hirotake YAMAMORI and
Akira SHOJI
|EEE Transactions on Applied Supercoonductivity 9 2
(1999) 4049-4052

A novel approach to chip-to-chip communication for
RSFQ technology is proposed. The main ideaisto fabricate
Josephson junctions on a substrate for multi-chip packaging,
which equips the substrate as well as the chip with built-in
active drivers and receivers. The driver on the chip is
connected directly to the receiver on the substrate through a
connector which can be considered as a lumped circuit
element. Because the circuit is free from the impedance
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matching constraint, broadband chip-to-chip data transfer
with wide operating margins will be realized. We have
designed, simulated and optimized a chip-to-chip single flux
quantum (SFQ) pulse transfer circuit. For a connector
inductance of 20 pH, the bias current margins and the
maximum throughput have been calculated to be + 24 % and
above 50 Gh/s, respectively.

Highly Suppressed Short-Channel Effectsin
Ultrathin SOI n-MOSFET's

Eiichi SUZUKI, Kenichi ISHII, Seigo KANEMARU,
Tatsuro MAEDA, Toshiyuki TSUTSUMI,
Toshihiro SEKIGAWA, Kiyoko NAGAI and
Hiroshi HHROSHIMA
|EEE Transactions on Electron Devices 47 2 (1999)
354-359

We have investigated short-channel effects of ultrathin
(4-18-nm thick) silicon-on-insulator (SOI) n-channel
MOSFET's in the 40-135-nm gate length regime. It is
experimantally and systematically found that the threshold
voltage (V,,) roll-off and subthreshold slope (S-slope) are
highly suppressed as the channel SOI thickness is reduced.
The experimental 40-nm gate length, 4-nm-thick ultrathin
SOI n-MOSFET shows the S-slope of only 75 mV/decade
and V,, roll-off of only 0.07 V as compared to the value in
the case of the long-gate-length (135 nm) device. Based on
these experimental results, the remarkable advantage of an
ultrathin SOI channel in suppressing the short-channel effects
is confirmed for future MOS devices.

Bismuth and Antimony Nanolinesin a Si Epitaxial
Layer

K. MIKI, H. MATSUHATA, K. SAKAMOTO,
G. A. D BRIGGS!, JH.G. OWEN! and D.R. BOWLER?!
1Oxford University
Inst. Phys. Conf. Ser. (I0P Publishing Ltd.) 164 (1999)
167-170.

We succeeded in fabrication of bismuth and antimony
nanolinesina S epitaxial layer. Perfect Bi nanolinesformin
the terrace of Si(001) in the case of Bi adsorption around its
desorption temperature. Although simple epitaxy on this
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surface allows the surface segregation of Bi from the lines,
additional Bi desorption on the line-formed surface before
Si overgrowth forbids Bi surface segregation. Additional Sb
adsorption instead of Bi led to Sh nanolinesin the Si epitaxial
layer. Those mechanisms can be explained by use of the
analogy of a surfactant.

Structures of the 'nanowire' and 2xn of Bi/Si(001)

M. SHIMOMURA?, K. MIKI, T. ABUKAWA® and
S. KONO?
!Research Institute for Scientific Measurements, Tohoku
University
Surface Science 447 |ssues 1-3 (2000) L169-L174

Structures of the 'nanowire' and 2xn phase of the
submonolayer system of Bi/Si(001) have been studied by X-
ray photoel ectron diffraction (XPD). The general features of
Bi 4d XPD patterns show that Bi atoms exist only at the
topmost layer for the two phases. Single-scattering cluster
simulations were performed for several structural models,
including those for the 'nanowire[Miki et al., Phys. Rev. B
59 (1999) 14868] and for the 2xn phase [Hanada et al ., Surf.
Sci. 242 (1991) 137], to find they are very feasible.

Interface States of SIO,/Si(111) Observed by an
Atomic Force Microscope

Ryu HASUNUMAZ, Yasushiro NISHIOKA?,
Atsushi ANDO and Kazushi MIKI
Texas I nstruments Tsukuba R& D Center Limited
Qurface Science 443 Issues 3 (1999) L1055-L.1058

We investigated the distribution of tunneling current
through ultrathin oxide films on Si(111) with an atomic force
microscope having a conductive tip. We observed
enhancement of the tunneling current at step edges for the
oxide grown in dry O, at 600°C, while the oxide grown in
NHO, showed only small contrast over the surface. With
analysis of the current-voltage characteristics, the tunneling
current enhancement could reflect the interface states at the
step edges.

Chaos and Quantum Interference Effect in
Semiconductor Ballistic Micro-structure

Shiro KAWABATA
Quantum Coherence and Decoherence (North-Holland
Delta Series) (1999) 265-268

We study the quantum-interference effect in the ballistic
Aharonov-Bohm (AB) hilliard. The wave-number averaged
conductance and the correlation function of the non-averaged
conductance are calculated by use of semiclassical theory.
Chaotic and regular AB billiards have turned out to lead to
qualitatively different semiclassical formulas for the
conductance with their behavior determined only by
knowledge regarding the underlying classical scattering.

Observation of N-shaped Negative Differential
Resistancein Ridge-Type InGaAgInAlAs
Quantum Wire-Field-Effect Transistor

Seong-Jin KIM, Takeyoshi SUGAY A, Mutsuo OGURA,
Y oshinobu SUGIY AMA and Kazutaka TOMIZAWA?
1Gakushuin Univ.

Physica B 272 (1999) 117-122

N-shaped negative differential resistance (NDR) with high
peak-to-valey ratio (PVCR) and low onset voltage (VNDR)
are clearly observed in a 50-nm gate ridge-type InGaAs/
InAlAs quantum wirefield-effect transistor (QWR-FET). The
NDR of low onset voltage (VNDR) and its dependence on
the gate voltage are attributed to the real space transfer of
channel carriersinto abarrier layer underneath the gate by
field-assisted tunneling. The NDR characteristic of the QWR-
FET is enhanced compared with that of InGaAs/InAlAs
quantum well field-effect transistor (QW-FET). The narrower
channel-width and shorter gate-length effectively improve
the PVCR and VNDR.
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Continuouse Output Beam Steering in Vertical-
Cavity Surface-Emitting L aserswith Two p-Type
Electrodes by Controlling I njection Current
Profile

Toshihede IDE, Mitsuaki SHIMIZU, Seiji MUKAL,
Mutsuo OGURA, Takuya KIKUCHI, Y oshihiro SUZUKI,
Ryousaku KAJI, Hideo ITOH, Masanobu WATANABE,
Hiroyoshi YAJIMA and Toshio NEMOTO
Jpn. J. Appl. Phys. 38 Partl 1 4A (1999) 1966-1970

Using vertical-cavity surface-emitting lasers with two p-
type electrodes, continuous output beam steering was
achieved for thefirst time by controlling the injection current
profile. The far-field peak position can be shifted linearly by
varing the ratio between injection currents into the two p-
type electrodes. The deflection angle measured from the
surface normal direction ranges from -1.3 degreesto +1.0
degrees. Also we investigated operating characteristics that
are important for optical processing such as optical fuzzy
inference.

Effect of Leakage Current on Pulse-Width
Characteristicin Q-Switched Two-Section
AlGaAs Multiple-Quantum-Well Semiconductor
Lasers

Mitsuaki SHIMIZU, Y oshihiro SUZUKI, Seiji MUKAI,
Masanobu WATANABE and Toshifumi HASAMA
Jpn. J. Appl. Phys. 38 Part 1 6A (1999) 3530-3534

We investigated the effect of |eakage current on optical
pulse width in Q-switched two-section AlGaAs multiple-
guantum-well (MQW) lasers, employing numerical analysis
using traveling-wave rate equations which include the effect
of the carrier leakage. The analysis shows that the pulse width
of Q-switched semiconductor lasersisbroadened when carrier
leakage current is present. This effect becomes significant
and isone of the main reasons for the pul se-width broadening
for short cavity. These numerica results agreewith previously
obtained experimental results.

Use of Multiple Pairs of Gain and Saturable
Absorber Regionsfor Semiconductor Optical-
Pulse Compr essor

Mitsuaki SHIMIZU, Y oshihiro SUZUKI, Seiji MUKAI
and Toshifumi HASAMA
Jpn. J. Appl. Phys. 39 Part 1 2A (2000) 475-479

We propose a compact semiconductor optical-pulse
compressor using multiple pairs of gain and saturable
absorber regions. We performed numerical analysis of the
operating characteristics using traveling-wave rate equations,
and determined that picosecond optical pulses such as Q-
switched or gain-switched pulses could be compressed
efficiently. We also confirmed that this technique was
effective for compressing the 40 - 100-ps-wide optical pulse
generated by commonly-used lasers, such as self-pulsating
lasers. In addition, the effect of gain saturation was
investigated, and found to be one of the important factorsto
determine the compressing characteristics.

INFORMATION SCIENCE

Sketches

Y oshiki KINOSHITA, John POWER and
Makoto TAKEYAMA
Journal of Pure and Applied Algebra 143 3 (1999)
275-291

We generalise the notion of sketch. For any locally
finitely presentable category, one can speak of algebraic
structure on thecategory, or equivalently, afinitary monad
onit. For any such finitary monad, we define the notions
of sketch and strict model and prove that any sketch has a
generic strict model on it. Thisisall done with enrichment
in any monoidal biclosed category that islocally finitely
presentable as a closed category. Restricting our attention
to enrichment in Cat, we mildly extend the definition of
strict model to give a definition of model, and we prove
that every sketch has a generic model on it. The leading
exampleisthe category of small categories together with
the monad for small categories with finite products: we
then recover the usual notions of finite product sketch
and model; and that is typical. This generalises many of
the extant notions of sketch.
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An Estimation Method for Location, Scale, and
Rotation Parameter Estimation by the ECM
Algorithm

Shotaro AKAHO
The Transactions of the Institute of Electronics,
Information and Communication Engineers D-11
J82-D-1112 (1999) 2240-2250

We propose a shift, scale and rotation parameter
estimation method for any shapes of probability
distributions. The distributions are approximated in
advance by the normal mixture distributions as precisely
as needed. The parameters are estimated by the ECM
(expectation and conditional maximization) algorithm
which isakind of the EM (expectation and maximization)
algorithm for learning samples, which provides a stable
and rather fast algorithm. Although the EM algorithm of
mixture model becomes complicated in general, we give
aclosed form of the algorithm by restricting the class of
normal mixture appropriately.

Real-time Registration of 3D Cerebral Vessels
to X-ray Angiograms

Yasuyo KITA, Dale L. WILSON and J. Alison NOBLE
Trans. of |IEICE J83-D-I1 1 (1999)

A quick method to obtain the 3D transformation of a
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3D free-form shape model from its 2D projection datais
proposed. This method has been developed for the real-
time registration of a 3D model of a cerebral vessel tree,
obtained from pre-operative data (eg. MR Angiogram),
to a X-ray image of the vessel (eg.Digital Subtraction
Angiogram) taken during an operation. First, the skeleton
of the vessel in a2D image is automatically extracted in
amodel-based way using a 2D projection of a 3D model
skeleton at the initial state (up to +-20 degree difference
in rotation). Corresponding pairs of points on the 3D
skeleton and points on the 2D skeleton are determined
based on the 2D Euclidean distance between the projection
of the model skeleton and the observed skeleton. In the
process, an adaptive search region for each model point,
which is determined according to the projected shape,
effectively removes incorrect correspondences. Based on
a good ratio of correct pairs, linearization of arotation
matrix can be used to rapidly calculate the 3D
transformation of the model which produces the 2D
observed projection. Experiments using real data show
the practical usefulness of the method."

Between-Word Distance Calculation in a
Symbolic Domain and its Applicationsto
Speech Recognition

Kazuyo TANAKA and Hiroaki KOJIMA
Journal of Information Sciences 123 1 (2000) 25-41

This paper discusses a new framework for speech
recognition processing based on the distance calculation
in a symbolic domain. It presents a more efficient
processing alternative to the conventional statistical
method that is characterized by large amount of speech
samples. We first propose a method for calculating the
distance between words (i.e., between-word distance) in
symbolic domain. We then present two applications in
speech recognition. Distance calculation employs an
optimal matching between subphonemic segment
sequences using dynamic programming(DP) to take
context-dependent characteristics into account. One
application of the distance calculation isto use distributions
of the between-word distances to estimate the relative
degree of difficulty in speech recognition of given word
sets. We provide effective indices for this degree of
difficulty using statistical parameters of these distance
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distributions. The other application isto predict plausible
word candidates in relation to unknown word processing.
We examine preliminary experiments in word recognition
based on the distance between the subphonemic
sequences, calculated in symbolic domain. The proposed
recognition procedure achieves performance closely
comparabl e to the ordinal HM M -based speech recognition
procedure. The result indicates a feasible prospect for
efficient processing of unknown words or for multi-
category speech recognition, although some deterioration
of recognition score itself is to be expected.

Pseudo Contact Point Monitoring for Skillful
M anipulation

Kosei KITAGAKI, Motoyoshi FUJIIWARAL,
Takashi SUEHIRO and Tsukasa OGASAWARA?2
IMie Prefectural Industrial Research Institute
2Nara Institute of Science and Technology
Proc. of IEEE Int. Conf. on Intelligent Robots and
Systems (2000) 832-837

Contact state information is indispensable for
performing skillful tasks in which an end-effector should
be in contact with the environment. In previous work, the
authors introduced the concept of a pseudo contact point
that is useful for tasks involving contact as one expression
of the contact state. In this paper, an extended definition
of the pseudo contact point is proposed. The pseudo
contact point is defined as the foot of the perpendicular
from the nearest point on areference object to the line on
which the contact point and external force vector lie. The
system may estimate the contact state and its transitions
by monitoring the pseudo contact point in spite of the
fact that the pseudo contact point does not always denote
the real contact point. Experimental results suggest the
effectiveness of our method, which is particularly valuable
in providing an intuitive positional description of acontact
state.
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A Threshold Selection M ethod which Adopts
the Weighted M ean of Midpoints of Two M eans
and Ground Truth for Binarization

Taiichi SAITO and Hiromitsu YAMADA
The Transactions of the Institute of Electronics,
Information and Communication Engineers D-I|

J83-D-11 2 (2000) 575-583

The threshold sel ection method based on discriminant
and least squares criteria has instability which is caused
by adopting only the optimal point of an evaluation
function. Thisreport clarifiesthe instability of the method,
and proposes a new method. In order to have more
stability, the proposed method adopts the separability
weighted mean of midpoints of two means. We created
ground truth datafor automatically evaluating binarization
on hand-written character database ETL1. Using the
ground truth, it is shown that the proposed method has
higher performance of binarization.
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M obile Sensing Robots for Nuclear Power Plant
Inspection

Nobuyuki KITA, Yasuo KUNIYOSHI, Isao HARA,
Toshihiro MATSUI, Toshio HORI, Shigeoki HIRALI,
Andrew J. DAVISON!? and Sebastien ROUGEAUX1
1Guest Researcher
Advanced Robotics 13 3 (1999) 355 - 356

One of the most important challenges in the field of
robotics is to realize robots able to move around
autonomously and efficiently perform given tasks in
complex and dynamically changing environments. We are
investigating the sensing systems with which such mobile
robots should be equipped, particularly for the case of
industrial robots which are to move around a nuclear
power plant and carry out inspection tasks.
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Support Vector Classifier with Asymmetric
Kernel Functions

Koji TSUDA
Proc. of European Symposium on Artificial Neural
Networks (1999) 183-188
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In support vector classifier, asymmetric kernel
functions are not used so far, although they are frequently
used in other kernel classifiers. The applicable kernels
are limited to symmetric semipositive definite ones
because of Mercer's theorem. In this paper, SVM is
extended to be applicable to asymmetric kernel functions.
It is proven that, when a positive definite kernel is
given,the extended SVM isidentical with the conventional
SVM. In the 3D object recognition experiment, the
extended SVM with asymmetric kernels performed better
than the conventional SVM.

Subspace Classifier in the Hilbert Space

Koji TSUDA
Pattern Recognition Letters 20 (1999) 513-519

To improve the performance of the subspace classifier,
it is effective to reduce the dimensionality of the
intersections between subspaces. For this purpose, the
feature space is mapped implicitly to the infinite
dimensional Hilbert space and the subspace classifier is
applied in the Hilbert space.

Subspace Classifier in Reproducing Kernel
Hilbert Space

Koji TSUDA
Proc of 1999 International Joint Conference on Neural
Networks (1999) CDROM

To improve the performance of subspace classifier, it
is effective to reduce the dimensionality of the
intersections between subspaces. For this purpose, the
feature space is mapped implicitly to a high dimensional
reproducing kernel Hilbert space and the subspace
classifier is applied in this space. As aresult of Hiragana
recognition experiment, our classifier outperformedthe
conventional subspace classifier.

Optimal Hyperplane Classifier based on
Entropy Number Bound

Koji TSUDA

Proc. International Conference on Artificial Neural
Networks (1999) 419-424

Entropy number bound is a capacity measure for
learning machines,which is recently proposed by
Williamson et. al. Based on this capacity measure and
the structural risk minimization principle, we actually
implement an optimal hyperplane classifier. In on-line
character recognition experiment using the tangent
distance, our method performed better than the
conventional optimal hyperplane classifier based on VC
dimension.

A New Approach to the KANSEI Coordinates:
Automatic Color Arrangements

Takashi SAKAMOTO and Toshikazu KATO?
1Chuo University
Proceedings of 1999 |EEE International Conference on
Systems, Man, and Cybernetics 6 FA15 (1999) 208-211

We propose an automatic coloring method and its
system. Our method can solve the existing several
coloring problems. For example, when you fill alot kinds
of colors into alot parts of segments on a line drawing
picture (texture, map, graph, drawing, etc.) and if you
have no constraint, you can choose infinite numbers of
ways of coloring. Actually these situation gives difficult
problems to the automatic coloring system which tries to
simulate and perform coloring as if you do. Our method
considers the differences of the subjectivity (KANSEI)
in terms of one's coloring style. When you choose one of
colorsin your palette and fill this color into a part of the
segments on a line drawing picture, our system can
perform coloring automatically into the other part on this
picture, according to the general kansei model. This model
can represent the statistical relationship between
subjectivity and coloring styles. Our method can give a
new approach to solving the kansei coordinates.
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The GRD Chip: Genetic Reconfiguration of
DSPs for Neural Network Processing

Masahiro MURAKAWA, Shuji YOSHIZAWAL,
Isamu KAJITANI, Xin YAO?, Nobuki KAJIHARAS3,
Masaya IWATA and Tetsuya HIGUCHI
1Saitama Univ.
2University of Birmingham
SNEC
|EEE Transaction on Computers 48 6 (1999) 628 - 639

This paper describes the GRD (Genetic
Reconfiguration of DSPs) chip, which is evolvable
hardware designed for neural network applications. The
GRD chip is abuilding block for the configuration of a
scalable neural network hardware system. Both the
topology and the hidden layer node functions of a neural
network mapped on the GRD chips are dynamically
reconfigured using a genetic algorithm (GA). Thus, the
most desirable network topology and choice of node
functions (e.g. Gaussian or sigmoid function) for agiven
application can be determined adaptively. This approach
is particularly suited to applications requiring the ability
to cope with time-varying problems and real-time
constraints. The GRD chip consists of a 100Mhz 32-bit
RISC processor and fifteen 33Mhz 16-bit DSPs connected
in abinary-tree network. The RISC processor isthe NEC
V830 which executes mainly the GA. According to
chromosomes obtained by the GA, DSP functions and the
interconnection among them are dynamically
reconfigured. The GRD chip does not need a host machine
for this reconfiguration. This is desirable for embedded
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systems in practical industrial applications. Simulation
results on chaotic time series prediction are two orders of
magnitude faster than on a Sun Ultra 2.

BIOSCIENCE

M easur ements and Sour ce Estimations of

Extremely Low Frequency Brain Magnetic

Fieldsin a Short-term Memory Task by a
Whole-head Neurogradiometer

Seiji NAKAGAWA, Shoogo UENO! and
Toshiaki IMADA?Z
1Univ. of Tokyo
2NTT Communication Science Lab
|EEE Transactions on Magnetics 35 5 (1999)
4130-4132

To investigate the characteristics of visual short-term
memory in humans, brain magnetic fields evoked during
a delayed paired comparison task were recorded using a
whole-head neuromagnetometer. The visual stimulus
consisted of acirclewith different colorsin each quadrant.
In the memory condition, subjects reacted with the index
finger, when the first stimulus (Sample) was identical in
color configuration to the second stimulus (Test), and with
the middle finger when they differed. For the control
condition, the subjects ignored the Sample, and moved
the index or middle finger alternately in response to the
Test. Extremely low frequency components of brain
magnetic fields were observed 500 ms after the Sample
onset in the temporal and/or the occipital region in the
memory condition, but not in the control condition.
Sources for the low frequency components were localized
in the inferior part of the occipital lobe, in the vicinity of
the supramarginal gyrus and the angular gyrus, and the
inferior frontal gyrus. The results suggest that the
activitiesin the inferior part of the occipital obe controls
the storage process of short-term visual memory.
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Optical Recording of Cortical Activity After in
Vitro Perfusion of Cerebral Arterieswith a
Voltage-sensitive Dye

Marco de CURTIS!, Ichiro TAKASHIMA and
Toshio I1JIMA
1Instituto Nazionale Neurologico, Italy
Brain Research 837 (1999) 314-319

Cortical neuronal architecture and connectivity can be
analyzed with high-resolution optical imaging after
staining the in vitro isolated guinea pig brain preparation
by circulating the voltage-sensitive dye RH-795 via the
arterial system. To establish this new technique, electrical
field potentials evoked in the piriform and entorhinal
cortices by lateral olfactory tract stimulation were
correlated to the optical signal. The depth analysis of the
optical response was performed by evaluating the
contribution of the mono- and poly-synaptic components
of the signal generated in different layers after applying
a pair-pulse stimulation protocol. The tangential
propagation of neuronal activity in olfactory cortices was
evaluated by gathering several 4.2x4.2 mm images
recorded from adjacent cortical areas. The real-time
optical imaging technique applied to the isolated guinea
pig brain can be successfully utilized to study the
integrative properties of cortical neurons ensembles.

High-speed CCD Imaging System for
Monitoring Neural Activity in Vivoand in
Vitro, using a Voltage-Sensitive dye

Ichiro TAKASHIMA, Michinori ICHIKAWA1 and
Toshio [IJIMA
IRIKEN, Brainway Group
Journal of Neuroscience Methods 91 (1999) 147-159

We have designed and constructed a high-speed CCD
imaging system for optically detecting neural activity
from preparations stained externally with a voltage-
sensitive dye, and have used this system to image evoked
and epileptiform neural activity in the rat somatosensory
cortex. The imaging system uses acommercially available
1/3-inch CCD chip, and it can continuously capture
images for more than 8 seconds, at 1000 frames/sec, with
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spatial resolution of 128 x 62 pixels. The spatial/temporal
resolution of the CCD sensor is variable by changing the
geometry of on-chip binning pixels, which can be
controlled by a PC/AT computer. Dye bleaching
correction was not necessary for long-term imaging of
epileptiform neural events, since the sensitivity of the
CCD sensor was increased by combining the signal from
adjacent pixels.
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Enhanced BOLD Contrast in fMRI by Using
Navigator Echoes and Spatial Realignment on
3.0T MRI System

Toshiharu NAKAI, Kayako MATSUO,
Chikako KATO?, Tetsuo MORIYA,

Gary H. GLOVER? and Tomohisa OKADA?3
IDepartment of Management I nformation, Toyohashi
Sozo College
2|_.ucas MRSYMRI Center, Stanford University
3National Institute for Physiological Sciences, Okazaki
Japanese Journal of Magnetic Resonanse in Medicine
19 8 (1999) 520-527

The advantages of higher field strength in fMRI studies
are the better SNR and higher sensitivity to BOLD signal
from capillary level. We compared the effects of
correction by navigator echoes and spatial realignment
using finger movement tasks. Their synergistic effects on
the quality of the fMRI data obtained by spiral k-space
trajectory sequence at 3.0T were evaluated. The usage of
navigator echoes was effective in increasing the cluster
size of the activation by two to three fold, enhancing the
maximum Z score and reducing artifacts. Realignment
was mostly effective in reducing artifacts and increasing
the cluster size to some extent. Without navigator echoes
and realignment, major motion artifacts appeared in 3 of
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the 12 data sets, which could be removed by combining
both methods. ANOV A indicated that there were no
interactions between the application of the two methods,
and suggested that the confounds removed by each method
were different. Navigator echoes were effective to make
the most of the higher BOLD contrast obtained by spiral
k-trajectory sequence on a high field magnet.

I nter action between PC Vesicles and I nterfaces
of Air/Water or Oil/Water

B.YANG, HMATSUMURA and K.FURUSAWA!
1Univ. of Tsukuba
Colloids & Surfaces A 148 (1999) 191-198.

The interactions between egg phosphatidylcholine
vesicles and flat surfaces (air/water and oil/water)are
investigated by measuering the change in interfacial
tension after adding PC vesicles to bulk agueous slutions.

The Role of the Posterior Parietal Cortex in
Human Object Recognition:a Functional
M agnetic Resonance I maging Study

Takeshi SUGIO?, Toshio INUIL, Kayako MATSUO,
Masako MATSUZAWA, G.H.GLOVER? and
Toshiharu NAKAI
1Depertment of Intelligence Science and Technolory
Graduate School of Informatics, Kyoto University
2|_.ucas MRSYMRI Center, Department of Radiology,
Stanford University
Neuroscience Letters 276 (1999) 45-48

The mechanismsinvolved in visual object recognition
from non-canonical viewpoints were investigated using
functional magnetic resonance imaging (fMRI). We used
a passive observation task and found three areas activated
more strongly in the non-canonical viewing condition
compared with the canonical viewing condition. First, it
was found that the fusiform gyrus and posterior part of
the inferior temporal cortex were involved in the
processing of shape information. Next, it was found that
the posterior parietal cortex, mainly the superior parietal
lobule and the ventral part of premotor areawere involved
in visuospatial processing and accessing sensorimotor
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knowledge. These results may indicate that recognition
from non-canonical viewpoints is supported by using
functional properties of the object, which require more
real-time processing for object manipulation.

High Resolution MR Imaging of theKneeat 3T

M. NITSUL, T. NAKAI, K. IKEDA?, G.-Y. TANG!,
H. YOSHIOKAland Y. ITAIL
1Departments of Radiology Institute of Clinical
Medicine, University of Tsukuba
2Departments of Orthopedic Surgery Institute of
Clinical Medicine, University of Tsukuba
ACTA RADIOLOGICA 41 (2000) 84-88

To examine the 3.0-T MR unit to obtain high quality,
highresolution images of the knee joint. Subjects and
M ethods. One human cadaveric and five porcine knees
were imaged with the 3.0-T unit. Sets of T1-weighted spin
echo images were obtained with in-plane resolution of
0.195 x 0.39 mm and an acquisition time of approximately
5 min. Two porcine knees were also imaged with the 1.0-
T unit with an identical imaging protocol and the signal-
to-noise ratios were measured on both images at 3 T and
1 T. Results. The 3-T MR system provided detailed
delineation of the knees. Deep layers of the medial
collateral ligament and associated fine fibers beneath the
medial and lateral collateral ligament were demarcated.
Precise demonstration of the tibial attachment of the
anterior cruciate ligament, irregularity of the meniscal free
edge, and conjoint tendon formation together with the
lateral collateral ligament and the biceps femoris tendon,
were demonstrated. Compared to 1-T unit, the signal-to-
noise ratio with 3-T was increased by afactor of 1.39 to
1.72. Conclusion. Due to the potential advantage of
obtaining detailed images, the 3-T MR system suggests
practical utility for fine demonstration of the knee
morphology.

Effects of Smooth Pursuit Eye M ovement on
Ocular Responses to Sudeen Background
Motion in Humans

Kazuyo SUEHIRO, Ken-ichiro MIURA,
Y asushi KODAKA, Yuka INOUE, Aya TAKEMURA
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and Kenji KAWANO
Neur oscience Research 35 (1999) 329-338

We studied the effects of horizontal smooth pursuit
on the ocular tracking responses to brief perturbations of
the a textured background in humans. When the subject
was fixating a stationary spot, a brief perturbation (60deg/
s, 40ms)of the background in any one of four directions
(right, left, up, down)elicited a small tracking response.
When the subject was pursuing a target moving against
the stationary background, the same background
perturbation elicited a larger response when in the same
direction as the pursuit, but a smaller response when its
direction was opposite to the pursuit; the response to
vertical background perturbations was also enhanced
during pursuit. When the subject was pursuing while the
target and background were moving together, the same
background perturbations elicited the larger responses
regardless of their direction. These results indicate that
the sensitivity to background motion is increased during
smooth pursuit. However, when pursuit is executed
against a stationary background - the usual situation in
everyday life - the system is selectively insensitive to the
reafferent visual input associated with pursuit, thereby
reducing the potentially adverse effect of the background
on pursuit performance.

Temperature Mapping Using the Water Proton
Chemical Shift: Self-Referenced Method With
Echo-Planar Spectroscopic | maging

K. KURODA®2 R.V. MULKERNZ, K. OSHIO?,
L.P. PANYCHZ2, T. NAKAI, T. MORIYA,
S. OKUDAZ, K. HYNYNENZ2 and F.A. JOLES?
1Tokai University
2Harvard Medical School
Magnetic Resonance in Medicine 43 (2000) 220-225

An echoplanar spectroscopic imaging (EPSI) method
of temperature mapping is proposed. This method is
sufficiently faster than the so-called three-dimensional
magnetic resonance spectroscopic imaging (3D-MRSI)
method and does not require image subtractions unlike
the 'conventional’ phase mapping method when an internal
reference signal is detectable. The water proton chemical
shift measured by using the tissue lipid as an internal
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reference clearly visualized the temperature change in a
porcine liver sample in vitro. It was also demonstrated
that the internally referenced EPSI method could
markedly reduce a temperature error caused by asimple,
translational motion between scans compared with the
phase mapping method.

Molecular Dynamics Simulation of Biological
Molecules (1) Methods

Yuto KOMEIJI, Masami UEBAYASHI! and
Umpei NAGASHIMA?
INIBH
2NAIR
J. Chem. Software 6 1 (1999) 1-36

Molecular dynamics simulation has been extensively
applied to analyses of structure, dynamics, and function
of biological molecules. Various methods implemented
in a newly developed software, PEACH (Program for
Energetic Analysis of bioCHemical molecules), are
described. This review covers: (1) outline of classical
molecular dynamics, (2) generation of theinitial structure
and temperature, (3) computation of force and potential,
(4) time integration, (5) ensemble, and (6) analyses of
the generated trajectories.

OPTICS AND RADIATION
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Adsorption Structure of Formic Acid on Si(100)
Studied by Surface NEXAFS

Hiromi Ikeura-SEKIGUCHI, Tetsuhiro SEKIGUCHI1
1Japan Atomic Energy Research Institute
Surface Science 433-435 (1999) 549-553

The structure of the surface formate chemisorbed on
Si(100) at 300 K was studied by Near Edge X-ray
Absorption Fine Structure (NEXAFS) at the carbon K-
edge. By proving the incidence-angle-dependent
NEXAFS spectra, it was determined that the CDO group
bonds of the surface formate is tilted away from the
surface normal by an average angle of 21+2 degrees. This
geometry is analogous to the dihedral angle (21 degrees)
of the O=C-O-Si group of silyl formate in the gas phase.
This finding indicates that the surface formate and the
gas-phase silyl formate have similar steric structures. It
could be expected that the electronic structure of the
chemisorbed formate is also similar to that of the gas-
phase silyl formate.

Aligning Molecules with I ntense Nonresonant
Laser Fields

Jakob Juul LARSEN?, Hirofumi SAKAI,
C. P. SAFVANL?, IdaWENDT-LARSEN?! and
Henrik STAPELFELDT!?
IUniversity of Aarhus
Journal of Chemical Physics 111 17 (1999)

Molecules in a seeded supersonic beam are aligned
by the interaction between an intense nonresonant linearly
polarized laser field and the molecular polarizability. We
demonstrate the general applicability of the scheme by
aligning I, ICI, CS,, CH4l, and C;H:l molecules. The
alignment is probed by mass selective two dimensional
imaging of the photofragment ions produced by
femtosecond laser pulses. Calculations on the degree of
alignment of I, are in good agreement with the
experiments. We discuss some future applications of laser
aligned molecules.
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Lifetime Effects on the Dissociation of Core-
Excited N, and CO Molecules

Norio SAITO, A. HEMPELMANNS, F. HEISER?,
0. HEMMERS?, K. WIELICZEKS, J. VIEFHAUS? and
U. BECKERS
1Ericsson Eurolab Deutschland GmbH
2Department of Chemistry,University of Nevada
3Fritz-Haber-Institut der Max-Planck-Gesellschaft
PHYSICAL REVIEW A 61 (2000) 022709

Vibrational-resolved ion and ion-pair yield spectra of
N, and CO taken at their 1s- 1" resonance excitations
reveal decay-channel-dependent core hole lifetimes. The
linewidths of the yield spectratend to be shortened when
the number of electrons ejected in the deexcitation process
increases, finally becoming narrower than the total ion
yield or absorption natural lifetime width of the core-
excited states of N, and CO, respectively. In contrast to
this,the linewidths of the yield spectra for the singly
charged molecular ions, N,* and CO*, are shown to be
broader than their corresponding natural linewidths. This
linewidth shortening and broadening observed in theion
yield spectra are explained by the effect of different
internuclear distances on the lifetime of an excited
molecular state.

FTIR-PAS Analysisto Radiation-Induced
Reaction of Alanine-Polymer Pellets

Hiromi Ikeura-SEKIGUCHI and Nobuhisa TAKATA
FOURIER TRANSFORM SPECTROSCOPY Twelfth
International conference (1999) 419-420

Fourier Transform infrared photoacoustic
spectroscopy (FTIR-PAS) was applied to study the
structure and its change of °Co gamma-ray irradiated
alanine-polyethylene pellets which are used as alanine /
electron spin resonance (ESR) dosimeters in radiation
facilities. It was found that several peaks of FTIR/PAS
spectraare changed in intensity by irradiation. The present
work demonstrates that FTIR-PAS is one of the most
powerful tools to investigate non-paramagnetic products
resulting from radical reactionsin solid form samples.

Highly Efficient Frequency Doubling with a
KNbO, Semi-monolithic Resonator

Hidemi TSUCHIDA
Optical Review 7 1 (2000) 22-24

A semi-monolithic standing-wave resonator has been
constructed and employed for frequency doubling of a
Ti:sapphire laser. The resonator consists of a5 mm long
KNbO; crystal with dielectric coatings on both end faces
and a spherical mirror with 20 mm redius of curvature.
With 31.2 mW input power at 861.4nm second harmonic
power of 11.4 mW has been generated corresponding to
the conversion efficiency of 36.5%.

MEASUREMENT AND STANDARD

A MEG/EEG Hybrid Method for Source
L ocalization of a Dipole with Radial Component

Naoto UESUGI!, Yusuke OHNO?,
Atsushi ISHIYAMA! and Naoko KASAI
The Trans. of the Institute of Electrical Engineers of
Japan 119-A 12 (1999) 1451
Waseda Univ.

The location of a current dipole in human brain is
obtained with good accuracy by using MEG. However, it
is difficult to estimate aradial component of the dipole
by MEG, because a shape of human head resembles to a
sphere. We developed a novel MEG/EEG hybrid method
based on the consideration of merits of MEG and EEG to
estimate a current dipole with radial component. The
performance of this method was investigated by
simulation. It was shown that the accuracy of the source
localization by this method was better than the accuracy
of the estimation by other methods such as usual MEG/
EEG hybrid method. This method was also applied to the
real MEG and EEG evoked by median nerve stimulation.
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HTS-dcSQUID Gradiometer for Nondestructive
Evaluation

Naoko KASAI, Daisuke SUZUKI,
Hiroshi TAKASHIMA, Masao KOYANAGI and
Y oshimi HATSUKADE!?
IWaseda Univ.
IEEE Trans. on Applied Superconductivity 9 2 (1999)
4393-4396

We have fabricated a HTS-dcSQUID gradiometer on
the basis of a single YBa,Cu;0;_5 film for a hand-held
NDE system. The two loops of the gradiometer are
coupled directly to a SQUID arranged at the center of the
pickup coil. The gradiometer worked at 77 K and at
normal laboratory environment without magnetic
shielding. The effect of the small area of the SQUID loop
on the performance of the gradiometer was experimentally
estimated. The performance of the SQUID gradiometer
was investigated by measuring holes in a carbon fiber
reinforced plastic plate in a magnetically shielded room.
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Hideaki |SOGAI
Journal of the Vacuum society of JAPAN 42 12 (1999)
1094-1099

This paper dealswith an analysis on the offset pressure
change of a Spinning Rotor Gauge (SRG), which caused
from unbalanced eddy current distribution and thermal
changein astainless steel rotor. Themal and electromagnetic
analysis method (physical models, equations, simulation
algorism) were recognized to have practicability and
validity in this analysis that were usefully applied to
design the construction of new sensor head and to select
the physical characteristics of the rotor. Then, It continues
to another investigates to measured these physical
characteristics of rotate materials that involved liquids
with measuring method of containerless treatments as
used to elementary technology of sample floating.

The Measuring Limit of Weak Infrared
Radiation in Normal-Temperature
Environment

Hideyuki MINATO, Y oshinari ISHIDO and
Akio NISHIMOTO
FOURIER TRANSFORM SPECTROSCOPY:Twelfth
International Conference (Proceedings) 1999 321-322

Precise spectral radiometry equipment using the FT-
IR spectrometer was developed in order to enable precise
infrared radiation measurement of the radiation source
of the low temperature level. In this equipment, it was
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clarified that the infrared radiation of low temperature to
-700 was precisely measurable in normal-temperature
environment.

obooo0o0o0OoO0O0OOO0OOO0OOO0O0OoO0an
oooo0ooOO0ooOOOO0OoO0OoOo0aon

00000000000
0000000 562 (2000) 69-77

goooobbbooooooooooobobobon
goooobooooboobooobooooboa
goooooooooooooooobobbbbobn
gobbbbooogoobbodoouooobboooga
guboooooboboooobbooobbooa
gogooooboooboooobbbboooooooo
OooboobbO00o0oooobobobbOoOoOoOsND
gooboobobogieoonobbooooooonoo
goooooooooooooooobbobobobn
gobooobboooboobbooboooboa
goooboooogd

ENERGY TECHNOLOGY

Structual Design and M anufacturing of TPE-
RX Vacuum Vessel

Hiromi SAGO1, Junichi ORITA1L,

Hitoshi KAGUCHI?, Yoichi ISHIGAMIZ,
Kazuhiro URATA?L, Fumio KUDOUGH?,
Mitsuru HASEGAWA?Z, Isao OY ABU?,
Yasuyuki YAGI, Shigeyuki SEKINE,

Toshio SHIMADA, Y oichi HIRANO,
Hajime SAKAKITA and Haruhisa KOGUCHI
IMitsubishi Heavy Industries, Ltd.
2Mitsubishi Electric Co., Electrotechnical Laboratory
Fusion Engineering and Design 46 1 99-113

This paper reports the strucural design and
manufacturing of the vacuum vessel of TPE-RX, which
is one of the three largeset reversed-field pinches in the
world. The supporting system on the bellows sections of
the vessel was designed on a detailed finite element
method. The integrity of the vacuum vessel against a
plasma disruption has been confirmed using dynamic
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inelastic analyses.

A Theoretical Approach to Steady State of
Photo-modulated Heat Flux DSC and its
Application to Complex Heat Capacity

M easurements

Takeo OZAWA? and Katsuhiko KANARI
1Chiba Institute of Technology
Thermochimica Acta 338 (1999) 7-15

Modulation of heat flux DSC can be made by
modulated light irradiation to the cells or the cell holders.
For thistype of temperature-modulated DSC, atheoretical
approach has been tried to study steady state and hence
its application to heat capacity measurement. In this
approach, additional heat flows, such as mutual heat
exchange between the sample and the reference material
and heat loss to the environment, are taken into accounts
together with heat capacitiesin the heat paths, which have
effect of amplitude decrement and phase shift of the
oscillation. The effect of thermal contact between the cell
and the cell holder is also considered. The results are
compared with the results for other types of temperature
modulated DSC made by similar approaches to make clear
the features of this type of temperature-modulated DSC.
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Application of Orthogonal Wavelet
Decomposition to Plasma Fluctuation Study

Leonid G. BRUSKIN?, Atsushi MASE?,
Yasuyuki YAGI and Teruo TAMANO?
1Plasma Reseacrh Center, Univ. of Tsukuba
Jpn. J. Appl. Phys. 38 (1999) L1345-L.1347

Multi-scale analysis of plasma fluctuations in fusion
devices is performed using wavelet decomposition over
the orthogonal compactly supported basis of wavelets. The
discrete wavelet analysis allowed us to monitor separately
the turbulence properties in different frequency bands
during the RF heating on the tandem mirror GAMMA 10
and discrete event on the reversed-field pinch TPE-
1RM20 fusion devices. Orthogonal discrete wavelet
transform can be considered to be complementary to
Fourier and continuous wavel et transforms, better suited
for the study pf wide-spectrum transitional events.

Preliminary Experiments of Thermally
Regener ative Fuel Cell Utilizing Solar Heat

Y uji ANDO, Tadayoshi TANAKA and
Takumi TAKASHIMA
Journal of JSES 25 6 (1999) 42-48

We propose a thermally regenerative fuel cell, which
consists of 2-propanol dehydrogenation and acetone
hydrogenation with utilizing solar thermal energy. By
means of combination with chemical reaction and fuel
cell, we can convert low temperature thermal energy like
solar heat into electrical energy. In order to make
characteristics of the cell clear, we investigated effects
of catalyst metal, catalyst supporting material, catalyst
loading, 2-propanol concentration and reaction
temperature on the efficiency of the cell.The activity of
ruthenium and platinum composite catalyst supported on
carbon plate for acetone hydrogenation at 90 °C is higher

than that of ruthenium catalyst and platinum catalyst
supported on the same kind of plate. We can get the
following results from the experiments. 1) When
ruthenium and platinum composite catalyst is supported
on carbon felt or carbon cloth, the activity becomes much
higher than that of the catalyst supported on carbon plate.
2) When 2-propanol concentration is 50-70 vol%, the
efficiency becomes highest. 3) As catalyst loading
becomes higher, the efficiency of the cell wasimproved.
4) Asfor the reaction temperature, the best efficiency of
liquid-phase ans gas-phase solar thermal cell is obtained
when reaction temperature is 80 °C and 60 °C,
respectively.

Experimental Results of Acetone
Hydrogenation on a Solar Chemical Heat Pump

Takumi TAKASHIMA, Takuya DOI, Yuji ANDO and
Tadayoshi TANAKA
Renewable Energy: Technologies and Policies for
Sustainable Development (1999) 503-507

Solar chemical heat pump can upgrade the low
temperature solar heat about 80°C to about 150 - 200°C
by the chemical reactions of 2-propanol/acetone/
hydrogen. These reactions are both catalytic reactions.
In this paper, the results of heat exchange experiments of
acetone hydrogenation reaction with exothermic reactor
for solar chemical heat pump are presented. Concentration
gradient catalyst layers (CGCL) are applied in the reactor
for temperature control. The experimental results showed
that CGCL is possible to control temperature distribution
in the reactor and the production of by-products.

Overview of " Super-ASHURA" KrF Laser
Program

Y. OWADANO, |. OKUDA, Y. MATSUMOTO,

I. MATSUSHIMA, E. TAKAHASHI, E. MIURA,

H. YASHIRO, T. TOMIE, K. KUWAHARA and
M. SHINBO

Fusion Engineering and Design 44 (1999) 91-96

In the Super-ASHURA KrF Laser at ETL, main
amplifier with full pumping duration (270 ns) and 12 beam
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lines have been completed. At present, total output energy
of 2.7 kJ has been extracted from the main amplifier by
double-pass amplified 12 beams (20 ns x 12) with aperture
filling factor of 74%. Local intrinsic efficiency has
reached 10%.

In the Raman amplification which is to be used for
high peak power pulse generation, multi-pass forward
amplification of nanosecond Stokes pulse showed energy
conversion efficiency of 73%. Also, multi-joule short
Stokes pulse (150 ps) has been obtained from 12.5 J, 20
ns pulse by saturated backward amplification of self-
generated Stokes pulse.

Toinvestigate the effect of irradiation smoothness, two
dimensional profile of target rear surface displacement
has been measured by using short (< 100 ps) 268 nm
probe pulse.

An Aspect of Discrete Dynamo Event in a
Rever sed-field Pinch Plasma as Self-or ganized
Criticality

Yasuyuki YAGI, Leonid G. BRUSKIN?,
Masayuki WATANABEZ2, Tommaso BOKZONELLAS,
Toshio SHIMADA, Hajime SAKAKITA and
Haruhisa KOGUCHI
1Plasma Research Center, U. Tsukuba
2Fac. of Eng., Iwate U.
3Consorzio RFX
J. Plasma and Fusion Research SERIES 2 (1999)
180-183

A detailed look at a discrete dynamo event in a
reversed-field pinch plasma (RFP), TPE-1RM 20, isgiven.
Dynamics of the magnetic signals are especially shown
for atypical case with an analytic scenario to understand
the phenomena. An alternative, synthetic aspect is tried
by checking the similarities to the Self Organized
Criticality.

Multichord Photoemission Monitoring System
in UV-Visible Range of a Reversed Field Pinch
Machine TPE-RX

Shigeyuki SEKINE, Takeshi OSAKABE,
Haruhisa KOGUCHI, Hajime SAKAKITA,

Yasuyuki YAGI , Yoichi HIRANO, Toshio SHIMADA
and Y asuyuki NOGI
J. Plasma and Fusion Research SERIES 2 (1999)
192-194

Population distribution of carbon ions (C4*) in a
poloidal cross section of areversed field pinch machine
TPE-RX was derived from chord-averaged emission
intensities. Thirteen vertical ports of the poloidal section
were used to observe photoemission. The peak of the
distribution appeared at |r/a] = 0.9 where a (=450 mm)
was minor radius of the plasma. The C#* ions were almost
absent around core region.

Conductive Self-Assembled M eso-Structured
Silica Films Synthesized by Ferrocenyl
Surfactant

H.S. ZHOU and I. HONMA
Jpn. J. Appl. Phys. 38 (1999) L 958-960

Self-assembled organic molecules into high-ordered
meso-structured architectures have attracted increasing
attention because these materials provide a rich source
for scientific research and technological applications. We
firstly report the conductive oriented silica meso-structure
film synthesized by ferrocenyl surfactant templating using
a spin coating method. X-ray diffraction pattern of the
film shows that the phase is lamellar. The electronic
conductivity properties of the film are also observed.

Preparation of Electrode Catalyst for
Thermoregenerative Fuel Cell

Ryuichi TOHRIZAWAL, Yoshihiro KIMURA1,
Y asukazu SAITO!, Yuji ANDO and
Tadayoshi TANAKA
1Science Univ. of Tokyo
The 5th Korea-Japan Joint Symposium '99 on
Hydrogen Energy 394-400

A redox reaction pair of electrochemical acetone
hydrogenation / thermal 2-propanol dehydrogenation was
adoptable to constitute a thermoregenerative fuel cell.
Carbon-supported ruthenium or ruthenium-platinum
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composite particles were prepared by an impregnation
method for taking the role of an electrode catalyst, where
an anodic reaction took place among acetone, proton and
electron. From catalytic characteristics of positive
electrode processes, importance of facile C-H bond
formation yielding 2-propanol was pointed out in addition
to large adsorption abilities toward acetone.

Optimization of a Force-balanced Coil for
Super conducting M agnetic Energy Storage

Y oshihisa SATO!, Tomoya OSAKIZ,
Shinichi NOMURAS, Junji KONDOH,
Takataro HAMAJIMA# and Ryuichi SHIMADA?3
1Toshiba Co.
2NKK
3Tokyo Institute of Technology
4Yamaguchi Univ.

Trans. |EE of Japan 120-D 1 2000

SMES isvery promising for the future power storage
system because of fast response, low loss and high
efficiency. We proposed the Force-balanced Coil (FBC)
concept for the SMES and demonstrated it by the
experiment. Moreover, we studied on coil winding
configuration for SMES. The results were compared with
the toroidal type configuration and ordinary helical type
one. It is shown that FBC is superior than the othersin
view points of electromagnetic force and per unit length
stored energy of the superconductor. Finally, optimization
of FBC for SMES has been done. The key parameters of
superconductor stress, length, maximum field and stored
energy were surveyed and optimized under the restriction
of critical field and critical current. It is shown that the
optimized FBC-SMES is obtained in case of which
parameters are a pitch of 3 and an aspect ratio of 1.79.

General theory of steady state of temperature
modulated DSC and its application to complex
heat capacity measurements

Takeo OZAWA! and Katsuhiko KANARI
1Chiba Institute of Technology
Journal of Thermal Analysis and Calorimetry 59 (2000)
257-270
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For complex heat capacity measurements, steady state
of varioustypes of temperature-modulated DSC istheoretically
investigated by aset of common comprehensive fundamental
equations of heat balance. Heat capacities of heat paths,
heat loss to the environment and mutual heat exchange
between the sample and the reference material are taken
into accounts together with thermal contact effect between
the cell and its holder plate. Rigorous and general
solutions have been obtained, and useful relations for
complex heat capacity measurements have been derived
for each type of DSC. They are compared with each other
to elucidate unique features of each type of DSC.

Effects of Shell Configuration on the
Perfor mance of Reversed Field Pinch Plasma

Yasuyuki YAGI, Yoshiki MAEJIMA,
Giuseppe. ZOLLINO?!, Gianluigi SERIANNIZ,
Hajime SAKAKITA, Shigeyuki SEKINE,

Y oichi HIRANO and Toshio SHIMADA
1Consorzio RFX, ltaly
Nuclear Fusion 40 Num. 2 (2000) 223-244

The experimental results of three different reversed-
field pinch machines at the Electrotechnical Laboratory
are compared. In particular, the results are summarized
in terms of the difference in the configuration of the
conductive shell system. The three configurations
correspond to TPE-1RM 15 (b/a=1.18), TPE-1RM 20 (b/
a=1.08) and TPE-1RM20mod (b/a=1.12), where b/ais
ameasure of the shell proximity, and aand b are the minor
radii of the plasmaand the inner surface of the shell closest
to the plasma, respectively. The magnetic fluctuations,
global confinement properties and mode-locking events
induced by the external field error at the thick-shell gap,
are studied. It is shown that the magnetic fluctuation
amplitude increases with b/a, as expected from the linear
growth rate of the dominant MHD modes, and that the
multilayered, close-fitting shell system improves the
performance under extreme operating conditions in the
high pinch parameter region and when external field errors
are considered, while the performances under normal
operating conditions are comparable within the shot-to-
shot deviations of the data.
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Acoustic Emission Occurrence Induced from a
NbTi Superconducting Coil under Alternating
Current Operation

Kazuaki ARAI, Hiroshi YAMAGUCHI,
Katsuyuki KAIHO, Hiroshi FUJI1,
Nobuyuki SADAKATA?® and Takashi SAITOH?
IFujikura Ltd.
|EEE Transactions on Applied Superconductivity 9 4
(1999) 4648-4653.

Acoustic emission (AE) induced from an alternating
current (ac) superconducting coil was studied during
operation in liquid helium. The operating current of the
coil was increased from zero with a constant ramp rate at
acommercial frequency of 50 Hz until quenching in the
coil. The AE signals induced from the coil around the
time of the quenching initiation were compared with the
operating current, the coil voltage and the phase difference
between the current and the voltage in order to estimate
the changes in those signals which resulted from the
guenching process. The AE signals continued almost at
very low levels before the quenching. At the moment of
the quenching initiation, the AE signals clearly and
drastically rose approximately 10 ~ 15 ms earlier than
the decrease in the operating current or the phase
difference. The AE signals induced by the wire motion
during 50 Hz ac operation were also compared with the
operating current.

Confinement Char acteristics of the TPE
Reversed Field Pinch Plasmas and Effects of the
Boundary Configuration

Yasuyuki YAGI, Yoshiki MAEJIMA, G. ZOLLINO?,
AG. SETIANNIZ, H. JI2, T.J. BAIGS,
Hajime SAKAKITA, Sigeyuki SEKINE,

Y oichi HIRANO, Toshio SHIMADA,
Haruhisa KOGUCHI and Isao HIROTA
1Consorzio RFX, ltaly
2 Princeton Plasma Physics Laboratory, USA
Son leave from Quaid-i-Azam Univ., Pakistan
Fusion Energy 1998 (Proc.17th International
Conference, Y okohama, 1998), IAEA Vienna CD-ROM
EXP4/07
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Confinement characteristics of the TPE seriesreversed
field pinch (RFP) machines, TPE-1RM 15, TPE-1RM 20
and TPE-1RM20mod, at Electrotechnical Laboratory
(ETL) are summarized. Especially data are synthesized
in respect to the effects of the different boundary
structures of the machines, where shell proximity and
overlapped poloidal shell gaps by the multi-layered shell
structure are featured. Comparison of the experimental
resultsis shown in terms of the characteristics of magnetic
fluctuations, global confinement properties in general,
operation capability of theimproved confinement in high
pinch parameter (©) discharges and locked mode events.
Linear growth rate of the unstable modes as a function of
the shell distance is numerically ssmulated. Understandings
of RFP plasma physics have also made progress by the
most recent intensive experiments on correlation studies
between fast electrons and dynamo activities and
measurement of the plasma and mode rotation. TPE-
1RM20mod was shutdown in December 1996 and new
RFP experiment has started in TPE-RX from March 1998.
The new machine also succeeds the concept of the shell
configuration of the TPE-1RM 20.

"REVERSED FIELD PINCH EXPERIMENT ON A
NEW LARGE MACHINE, TPE-RX"

Y oichi HIRANO, Toshio SHIMADA, Yasuyuki YAGI,
Shigeyuki SEKINE, Hajime SAKAKITA,
Haruhisa KOGUCHI, Takeshi OSAKABEL,
Kiyoshi HAYASE, Yasuhiro SATO,

Y oshiki MAEJIMA and Isao HIROTA
INihon Univ.

Fusion Energy 1998 (Proc.17th International
Conference, Y okohama, 1998), IAEA Vienna 2 (1999)
375 and CD-ROM EX4/4

Reversed field pinch (RFP) experiment on anew large
machine, TPE-RX has been started from March 1998.
Major and minor radii of TPE-RX are 1.7175m and 0.45m,
and the maximum designed plasma current (Ip) and
discharge duration are IMA and 100ms, respectively.
TPE-RX is being operated in the medium Ip region (Ip <
500kA) with discharge duration about 80ms and RFP
discharges with good reproducibility are routinely
obtained, where the precise compensation of error field
at poloidal gap of thick shell isindispensable. In a series
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of initial phase of experiment, following results are
obtained. Non-inductive part of toroidal loop voltage
(Rplp) aslow as 12V isobtained at low |p (about 150kA),
but it increases with Ip and becomes 22V at |p about
450kA. However, it is shown that Rplp is gradually
decreasing as the discharge cleaning has been continued.
Further decrease of Rplp will be expected under the
improved wall condition. In almost of all discharges,
especially with large Ip (>250kA) the wall and phase
locking of the MHD fluctuations is observed. However,
several discharges without this mode locking are found
in low Ip and low filling pressure cases. M easurements
of electron density (<ne>) by CO2 laser interferometer,
electron temperature (Te) by soft x-ray pulse height
analysis and ion temperature (Ti) by CV Doppler
broadening have been started. Measured values are <ne>
about 5.0E18m-3, Te about 1000-1200eV and Ti
about130+-50eV for the discharge with Ip about 270kA
and reversal/pinch parameters about -0.1/1.6, although it
ispossiblethat this high Te may correspond to high energy
part and low Ti may correspond to the value near the edge
since the radiation profile of CV lineis very hollow. An
interesting dependence of plasmarotation on Ip isfound
in the Doppler shift measurement of CV line.

SPACE AND OCEAN TECHNOLOGY
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Hideaki | SOGAI
000 42 12 (1999)

This paper dealswith an analysis on the offset pressure
change of a Spinning Rotor Gauge (SRG),which caused
by unbalanced eddy current distribution and thermal
changein astainlessstedl rotor. Themal and el ectromagnetic
analysis method ( physical models, equations, simulation
algorism) are recognized to have practicability and
validity in thisanalysis that are usefully applied to design
anew construction and to operate with carefully treatment.
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Performance of Three-Finger Multisensory
Hand on Spacevehicle " Hikobaoshi*

Kazuo MACHIDA, Y oshitsugu TODA and
Y uichi MURASE?
IFujitsu laboratories, Ltd.
Trans. of SICE 35 12 (1999) 1583-1590

A hand with dexterity and local autonomy is one of
the key components of a space robot to perform precise
in-orbit servicing. This paper presents performance of the
three-finger multisensory hand boarded on the unmanned
spacevehicle "Hikoboshi". The hand comprises a newly
devised three-finger module with grip force sensors and
awrist compliance device with displacement sensors. It
also has a hand-eye camera and three range sensors for
non-contact sensing. The contact sensors display fine
performance owing to zero-gravity of space compared
with the ground. The laser/PSD type proximity range
sensors retain performance under the high intensity of
sunlight in orbit. Although the hand-eye camerais useful
for position measurement of objects through image
processing in most case, some points are noticed to use it
in satellite daytime owing to intensity and direction
variations of sunlight. The robot performed high precision
tasks in space utilizing these hand mechanisms and
multisensors through sensor-fused telerobotics.

ENVIRONMENT TECHNOLOGY

ooooO0OO0OO0OO0OO0OO0OO0OO0OOO0OOOOO0
oooao

00000000000 O000000
OoO0ooOooooo?
10oQg
20ppooOo00O000O000oo0og
0000000 A120-A 1 (2000) 62-67

goobbooooobobooobobbooooboobo
gooooooMcOooobboooMcoonoo
gobooogobobooboooboooobobooboo
gobobboooooobbbbooooooobo
goboooobobooboooboooobooboo
gobooogoobo o0 Doooooooobo
gdddddooooooooooooooooo

M



go00o0oooo0ooob0obesnOn 4060

gobboboodooobbooooobbooooon
goooooooooooooooobobbbbbn
gooooboooobooboobboobooo
gobbbooooobobooouooobooog
goobbboboooooobboooooooooo
gobboboooooobboooouooobbooa
gooboobboooooooboobbooomMeo
goobobbbooooooooooooooooo
gobbobodoobbooooobbooooon
gooooobooMCcOOUouooooobooooono
goooooooooooooobbobbobobobn
gobbboooobbooooobbooogg
ob20%00000000000000Db000O0OO
goobbbboooooboobboooooooooo
MCOOUOGOGQoO

ooooOO0ooOO0O0oOO0O0OO0O0OxOO0O00O00
ooooooooan

Ooooomooooooooooo?!
loooo
oOoooOonon 120-A 2 (2000) 167-173

O-00b00ooooNobObbOOooooooo
gooooooooooooooobobbbbbobn
gooboobooogNoxDODOOOooooooooo
goccobobononobbOououuouononDDbDbONOx
oooopbobobobbbbooooooggNoxb b
gbooboboboboooooooooooogno
oooopobooobONOxOOooououooooo
goobboogooz2onsdobbboooonon
doooooOoNOxOOoobobobooouooooo
goooodd

OTHERS

Optimization of Fractal Immittance Networks

Michio SUGI?, Yoshiaki HIRANO?,
Y asuhiro MIURA? and Kazuhiro SAITO
IToin University of Yokohama
Mol. Cryst. and Liqg. Cryst. 337 (1999) 73-76

Fractal immittance is simulated by the analogue
circuits composed of resistors R and capacitors C based
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on the distributed-relaxation-time (DRT) models. The
optimum interval of relaxation times to give the widest
bandwidth is searched by the numerical calculation. Itis
found that the bandwidth of 5 decades with a phase-angle
error, e.g., of 0.5° can be realized using twenty or less R-
C pairs.
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