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A direct measurement of the total decay width of the top quark at CDF

.
We present a measurement of the total decay width of the top quark using $\ttbar$ candidate events reconstructed in the final
state with one lepton and multiple jets. We use the full Tevatron Run II data set of $\sqrt{s} = 1.96$~TeV proton-antiproton
collisions recorded by the CDF II detector, corresponding to an integrated luminosity of 8.7 fb$^{-1}$. The top-quark mass and
the mass of the hadronically decaying $W$ boson are reconstructed for each event and compared with templates derived from
signal and background samples to extract the top-quark width~(\gmt) and the energy scale of the calorimeter jets with {\it in
situ} calibration. For a top-quark mass M$_{top}$= 172.5 GeV/c$^2$, we find the top quark width = 2.21$^{+1.84}_{-1.11}$
GeV, which is in agreement with the standard model prediction and the most precise direct measurement of the top width to
date.
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Development of Low Temperature Detectors for Neutrinoless Double Beta Decay Search
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Low temperature detectors (LTDs) have strong advantages for the rare
event search because of their best performances in energy resolution and
energy threshold. We are developing LTDs consisting of a CaMoO4
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crystal. 100Mo in CaMoO4 is a candidate of neutrinoless double beta decay. The crystal can be used as an energy absorber itself.
Metallic magnetic calorimeters are employed to detect phonons created in the crystal resulted from a particle absorption. The
measurement in a surface lab obtained 10 keV and 15 keV FWHM for full absorption peaks of 1460 keV and 2615 keV
gammas. External alpha events showed 9.4 keV FWHM while total absorption peaks of internal alpha decay events had 20 keV
resulting in clear peak identifications of Uranium and Thorium contaminations. Moreover, this detection method with phonon
signals showed the capability of pulse shape discrimination for alpha and beta/gamma events. A discrimination power of 2.9 σ
was found with a mean time parameter.
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Status of Belle II Calorimeter Trigger System

UNNO Yuji,
,
,
,
,
.
We report on the status of calorimeter trigger system development for Belle II experiment at KEK, that is under construction
toward the commissioning in early of 2015. Global scheme of the trigger system has been designed with flexible architecture
using mainly FADC and FPGA readout scheme which is crucial to handle bunch of trigger rate anticipated in Super KEKB
collider.
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Signal-to-Noise Ratio measurement of a Double-Sided Silicon-Strip Detector sensor for new
g-2/EDM experiment at J-PARC
LEE Minju, MIBE Tsutomu1, UENO Kazuki1, NISHIMURA Shoichiro1, WON Eunil, SAITO Naohito1
Korea University, Department of physics. 1KEK, High Energy Accelerator Research Organization, Tsukuba, Ibaraki, Japan.
A previous experiment for muon’s anomalous magnetic moment using 3.1 GeV/c muons and a 14 m diameter storage ring
reached a sensitivity on muon g-2 of 0.54 parts per million (ppm). We propose new g-2 experiment at Japan Proton Accelerator
Research Complex (J-PARC) muon facility at MLF to reach down to a sensitivity of 0.1 ppm. This experiment will use an
ultra-cold muon beam 300MeV/c and a 66 cm diameter storage ring without focusing electric field. The development of doublesided silicon-strip detector sensor (DSSD sensor) is an important step for the experiment. We present the result of signal-tonoise ratio (SNR) from the DSSD sensor obtained using 40 MeV, 60 MeV, 62 MeV muon beam and 50 MeV electron beam at
J-PARC in Japan. The DSSD sensor consists of long strips for p-side and short strips for n-side. The silicon sensor for this
experiment is 59.6 mm x 124.88 mm and has a thickness of 320 um. There are 768 strips in p-side and 512 strips in n-side. The
strip pitch of p-side is 75 um and n-side has a strip pitch of 240 um. For the silicon sensor signal readout, we use a
preAmplifier-Shaper-Discriminator (ASD) which was originally developed for the ATLAS thin-gap chamber. We used an
oscilloscope and VME system to get the data of DSSD sensor. We present the details of the readout electronics system and the
set up of silicon sensor for beam test and SNR of DSSD sensor for beam test, and a preliminary result of the test.
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Recent results on Hadronic B decays in Belle

KISTI.
Charmless hadronic B decays are suppressed compared to other hadronicB decays and hence can be excellent probes for new
physics beyond theStandard Model. In this talk we present recent results from Belle on B ! hhdecays where h is a pion or a kaon
of any charge, and B ! decays.The data samples are collected with the Belle detector at the KEKB e+e−collider operating at the
(4S) resonance. The B ! hh results, includingthe branching fractions and CP asymmetries, are based on a full Belle datasample
of 772 million B¯B pairs, while the B ! results are based on 657million BB pairs.
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Development of the metallic magnetic calorimeter for the double beta decay experiment
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Neutrinoless double beta decay (0νββ) search is an important experiment
to determine the type and evaluate the mass of neutrinos. The CaMoO4
crystal is a good candidate material as the 100Mo decay source and also
energy absorber to investigate 0βνν with cryogenic detectors. In such
experiment, the energy resolution of the detector is critical to point out a
peak at the end of the double beta decay spectrum out of various
background noise sources. Metallic magnetic calorimeters (MMCs), one
of the cryogenic detectors use a paramagnetic temperature sensor
material. It is transform the temperature rise in the absorber caused by
energy deposition into a measurable magnetic flux change in a dcSQUID. We are developing the meander-shaped metallic magnetic
calorimeter using micro-fabrication methods. The detailed design and
recently progress will be discussed.
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Successful Production of Gd-loaded Liquid Scintillator and Its Stability at RENO
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Reactor experiment for neutrino oscillation (RENO) began data-taking from August2011.It successfully observed reactor
antineutrino disappearance in April 2012 to measure the smallest mixing angle of theta_13. Two identical detectors, one at near
location and the other at far location, are constructed at the Yong gwang nuclear power plant in South Korea, to compare the
observed reactor neutrino fluxes. Each RENO detector is filled with16 mass tons of Gadolinium loaded liquid scintillator
(GdLS) in the neutrino target region, and with 28 mass tons of unloaded liquid scintillator (LS) in the gamma-catcher region
surrounding the target. LS was developed to satisfy chemical, physical, optical properties, and safety requirements.Linear alkyl
benzene (LAB) was chosen as a solvent because of its high flash-point, sufficient light yield, and being environmentally
friendly. GdLS is carefully developed to keep a long attenuation length and high light yield for a long time period. In this talk,
we present the characteristics and mass production of the RENO LS and GdLS.
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Sterile Neutrinos and Reactor-Neutrino Oscillation

SIYEON Kim, KANG Sin-Kyu1, KIM Yeong-Duk2, KO Young-Ju
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Sterile neutrinos are one of the candidates to explain the anomalies in
neutrino oscillations. The mass-squared difference driving an oscillation
between flavors can be probed only within specific combination of
baseline and energy during the flight. For a neutrino whose mass is
completely unknown, it is necessary to scan any available range in
spectrum and any accessible baseline. Here, we present four-neutrino
analysis of the results announced by RENO and Daya Bay, which performed the definitive measurements of \theta_{13} based
on the disappearance of inverse-beta-decay antineutrino at km-order baselines. Our results include the adjusted value of \theta_
{13} when \theta_{14} is considered together, and the exclusion curve of (m_4^2-m_1^2) vs. \theta_{14}.
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Simulation for background estimation for overground neutrino detector
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New energy calibration at RENO
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The RENO(Reactor Experiment for Neutrino Oscillation) experiment is to measurethe smallest neutrino mixing angle theta13
using anti-neutrinos emitted from the Yonggwang nuclear power plant in korea. The energy response was studied using several
radioactive sources and new energy calibration method was developed for IBD prompt spectrum using MC simulation. In this
presentation, we describe the new methods of energy calibration and their results.
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RENO-50 for a future reactor neutrino experiment
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Removal of Cf contamination and PMT flasher at RENO
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A 5 kton of ultra-low-radioactivity liquid scintillator detector, RENO-50, located at roughly 50 km away from the Yonggwang
nuclear power plant, is proposed for a future reactor neutrino experiment. The main goal is to measure the most accurate value
of theta_12 and delta m_21 square, and to attempt determination of the neutrino mass hierarchy. The neutrino oscillation due to
theta_12 takes place at maximum with the baseline. RENO-50 detector is also expected to detect neutrinos from nuclear
reactors, the Sun, Supernova, the Earth, any possible stellar object and the J-PARC neutrino beam, that is it could be regarded
as a multi-purpose and long-term operational detector.In this talk, We will describe physics goals and experimental arrangement
of RENO-50, and present its sensitivity based on a MC study.
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During data taking at RENO(Reactor Experiment on Neutrino Oscillation) experiment, which employs scintillator and PMTs
for detection, there was an accident that the scintillator was contaminated by radioactive Cf source, and it produced a large
amount of unwanted signals at PMT. This Cf contamination could not be removed physically. Thank you.
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Prototype detector construction for hanaro neutrino measurements
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Pulse Shape Discrimination Studies for Liquid Scintillator
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Pulse shape discrimination (PSD) is one of the most distinctive features of organic liquid scintillators and is used for the
purpose of separating neutrons from gamma-rays. SBL (Short BaseLine Antineutrino Oscillation Experiment) has a plan to use
one of organic liquid scintllators as active material for detecting antineutrino events. In the case of SBL, PSD enable us to
reduce background due to fast neutrons. In this study, we show the discrimination powers of various organic liquid scintillators,
especially LAB-based liquid scintillator.
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Measurement of quenching and channeling effects in CsI crystals for WIMP search

LEE J. H., KIM B. H., KIM G. B., BHANG H. C., CHOI J. H., KIM J.
H., LI J., LEE J. K., KIM K. W., KIM S. C., CHOI S., KIM S. K.,
OLSEN S. L., MYUNG S. S., KANG W. G., KIM Y. D.1, KIM H. J.2,
SO J. H.2, HAHN I. S.3, LEE H. S.3, LI J.4, YUE Q.4, LI Y. J.4, LI X. R.5
Seoul National University, Department of Physics and
Astronomy. 1Sejong University, Department of Physics. 2Kyungpook
National University, Department of Physics. 3Ewha Womans University,
Department of Physics. 4Tsinghua University. 5IHEP.
We performed a series of studies that measured the quenching factors of
CsI(Na) and CsI(Tl) crystals used in searches for Weakly Interacting
Massive Particles (WIMPs) and confirmed the pulse shape discrimination
power of these crystals. By comparing measured energy spectra with
Geant4 simulation results that uses a scintillation efficiency function
obtained from the modified Birk's formula and MARLOWE simulation tuned by TRIM simulation results, we evaluate our
scintillation model by means of a chisquare fitting method. Using the MARLOWE simulation, we also estimate channeling
effects of nuclear recoils in CsI crystals that might increase the quenching factor and produce an excess of signals in the highenergy tail portion of the measured energy spectra. We also report measurements of the blocking effect of ions at neighboring
crystal lattice sites, which tests another feature of the MARLOWE simulation.
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Annual Modulation Study Of Dark Matter Using CsI(Tl) Crystals In The KIMS

Experiment

CHOI J.H., KIM B.H., KIM G.B., BHANG H.C., KIM J.H., LEE J.H., LI
J., LEE J.K., KIM K.W., KIM S.C., CHOI S., OLSEN S.L., MYUNG
S.S., KANG W.G., KIM Y.D.1, KIM H.J.2, SO J.H.2, LEE H.S.3, HAHN
I.S.3, LI J.4, YUE Q.4, LI Y.J.4, LI X.R.5
Seoul National University. 1Sejong University. 2Kyungpook National
University. 3Ewha Womans University. 4Tsinghua University. 5IHEP.
Dark matter constitutes about 23% of the total energy and matter in the
Universe and, in one particular model, encloses galaxies with a halo of
weakly interacting massive particles (WIMPs). In this model, the Sun
orbits around the center of the Milky Way and passes through the dark matter halo with a speed of 220km/s. The orbital motion
of the Earth around the Sun with a speed of 30 km/s at an inclination angle to the galactic plane of 60 degrees produces an
annual modulation of the local velocity through the dark matter halo that can result in an interaction rate with the dark matter
wind of WIMPS that is stronger in the summer than in the winter. The DAMA group reported a positive, 8.3 sigma significance
signal, for an annual modulation with an amplitude of 0.0183±0.0022 cpd/kg/keV (2-4 keVee) over a 1 cpd/kg/keV background
level in an array of NaI(Tl) crystal detectors. The KIMS experiment uses a CsI(Tl) crystal detector array to search for dark
matter signals and, if the DAMA result is in fact due to WIMP interactions, can be expected to see a similar annual modulation.
Results of a KIMS annual modulation study for a 2.5 year exposure period will be reported.
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Noether currents and Virasoro algebra for new massive gravity

,
, KULKARNI shailesh
.
CQUeST,
Using the Komar potential and its generalization, we obtain the quasi-local angular momen- tum of extremally rotating hairy
deformed AdS black holes in three-dimensional Einstein gravity and new massive gravity. We explicitly show that it is invariant
along the radial direction, from the asymptotic infinity to the horizon of black holes, which corresponds to the holographic
renor- malization group flow trajectory of the dual field theory. Our results verify that the entropy of these hairy black holes is
captured by the infrared dual conformal field theory on the near horizon. We also derive the entropy of these black holes by
using the near horizon conformal field theory.
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Fermions in hyperscaling violation geometry

SEO YUNSEOK, SIN SANG-JIN, KIM BOM-SOO1
Hanyang University. 1Tel Aviv University University.
In Einstein-Maxwell-Dilaton system, a non-trivial gauge kinetic term gives set of solution which is parametrized by
hyperscaling violation parameter and dynamical exponent. The holographic techneque of the entanglement entropy calculation
conclude that the boundary system is a that of fermions with fermi surface in certain range of parameters. We study fermion two
point function by using gague/gravity duality which can be directly detect the fermionic properties of the system. We compare
our result to the entanglment calculation.
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Hawking-Page phase transition in BTZ black hole revisited
,

.
We consider the Hawking-Page phase transition between the BTZ black
hole of M > 0 and the thermal soliton of M = -1. In this system, there
exists a mass gap so that there does not seem to exist a continuous
thermodynamic phase transition. We consistently construct the off-shell
free energies of the black hole and the soliton by properly taking into
account the conical space. And then, the continuous off-shell free energy
to describe tunneling effect can be realized through non-equilibrium
solitons.

BG-20
,

Non-spherical Collapse in AdS and Early Thermalization in RHIC

.
In the flat space, it is well known that non-spherical shell collapses to give globular cluster after many oscillations. However,
we show that in anti de sitter space, arbitrary shape of shell or cloud falls to form a black hole in one dynamical time. By
gague/gravity dualuty, this explains the early thermalization in strong quark-gluon plasma. This is traced back to the a
remarkable property of AdS : the period in radial motion is the amplitude independent of the amplitude in spite of the NONlinearity of the equation of motion. We investigated the interaction effect numerically and observed the same qualitative
behavior for the attractive forces. For repulsive interactions, particles halt in the sky for long time due to the specific structure of
the propagator. It may be responsible for the hair creation in the AdS black hole.
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Fate of false vortices

LEE Wonwoo, LEE Bum-Hoon1, MACKENZIE Richard2, PARANJAPC
M. B.2, YAJNIK U. A.3, YEOM Dong-han4
(CQUeST),
. 1
(CQUeST),
. 2Groupe de Physique des Particules,
3
Universite de Montreal, Canada. Department of Physics, Indian
Institute of Technology Bombay, India. 4
(CQUeST).
.
We study the decay of vortices trapped in the false vacuum of a theory of scalar electrodynam-ics in 2+1 dimensions. The
potential is inspired by models with intermediate symmetry breakingto a metastable vacuum that completely breaks a U(1)
symmetry, while in the true vacuum thesymmetry is unbroken. The false vacuum is unstable through the formation of true
vacuum bub-bles; however, the rate of decay can be extremely long. On the other hand, the false vacuum cancontain metastable
vortex solutions. These vortices contain the true vacuum inside in addition toa unit of magnetic flux and the appropriate
topologically nontrivial false vacuum outside. We nu-merically establish the existence of vortex solutions which are classically
stable; however, they candecay via tunneling. In general terms, they tunnel to a con guration which is a large, thin-walledvortex
con guration that is now classically unstable to the expansion of its radius. We compute anestimate for the tunneling amplitude
in the semi-classical approximation.

BG-22
Geometry

Abelian Projections of the Mass-deformed ABJM theory and Weakly Curved Dual

KIM Yoonbai, KWON O-Kab1, TOLLA D.D., HYUN Young-Hwan
Sungkyunkwan University. 1Ewha University.
We construct N = 2,4 supersymmetric abelian projections of the N = 6 mass-deformed ABJM theory. There are well-defined
dual background geometries for the N = 2 abelian theory, while those geometries are unclear for the N = 4 abelian theory. The N
= 2 theory is built on the supersymmetric vacua of the mass-deformed ABJM theory, which are proven to have one-to-one
correspondence with the Z_k quotient of Lin-Lunin-Maldacena geometries. We select one special vacuum of the mass-deformed
ABJM theory and show that the corresponding geometry is weakly curved at every point of the entire space transverse to the
M2-branes in the large N limit.
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Holographic entanglement entropy of confining gauge theories with matter

.
We compute the holographic entanglement entropy for confining gauge theories with matter fields using the formula of Ryu
and Takayanagi. The gravity solutions of our interest are the wrapped D5-brane solutions of Maldacena and Nunez, and the
generalizations with extra matter fields. We obtain therelation between the entanglement entropy vs. size of the subsystem, and
find thatthe critical length is increased as we add more matter fields.

BG-24
,

U-geometry : SL(5)

,
.
Recently Berman and Perry constructed a four-dimensional M-theory effective action which manifests SL(5) U-duality. Here
we propose an underlying differential geometry of it, under the name `SL(5) U-geometry' which generalizes the ordinary
Riemannian geometry in an SL(5) compatible manner. We introduce a `semi-covariant' derivative that can be converted into
fully covariant derivatives after anti-symmetrizing or contracting the SL(5) vector indices appropriately. We also derive fully
covariant scalar and Ricci-like curvatures which constitute the effective action as well as the equation of motion.
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dE/dx and Charge Determination by the AMS02 Tracker

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
The Alpha Magnetic Spectrometer, AMS02, is operating on board at the International Space Station. The Silicon Tracker is the
main detector of the AMS02, providing us with rigidity by accurately measuring curvature of a particle trajectory bended in the
AMS02 magnet and with very accurate dE/dx measurements at each Si layers. The dE/dx and rigidity information are used to
primarily determine charges of the particle traversed. We present some results of charge determination study with the Tracker
and other AMS02 sub-detectors focusing on at low charge cases.

BG-26

Overview of the AMS Detector and Status of Data Taking at the International Space Station

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung HWa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
To study charged particles and the nuclei component of cosmic rays in the rigidity range from 0.5 GV to a few TV with high
statistics, the Alpha Magnetic Spectrometer (AMS) is proposed. AMS-02 detector had been launched to the International Space
Station (ISS), at altitudes of 320-390 km, on May 16, 2011 and started to take data. The AMS will operate till 2020 or longer at
the ISS. It consists of 6 main sub-detectors equipped with star tracker and GPS system; Tracker in the permanent magnet,
Transition Radiation Detector (TRD), Time of Flight counter (TOF), Anti-coincidence counter (ACC), Ring Image Cherenkov
detector (RICH) and Electromagnetic Calorimeter (ECAL). AMS-02 data is directly transmitted to Marshall Space Flight Center
(MSFC) in Alabama by means of satellite and then transferred to the Payload Operation Control Center (POCC) at CERN via
internet. AMS raw data are processed to analyze at the Science Operation Center (SOC) and then distributed to regional sites.
About 30 billion events are acquired from May of 2011 to March of 2013 and about raw data of 65 TB and reconstructed data of
310 TB are stored.
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AMS-02: Physics Motivations and Aspects

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Ki, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
Alpha Magnetic Spectrometer (AMS-02) is pioneering a new frontier in particle physics research for the 21st century. The
scientific mission underlying AMS-02 is to understand fundamental issues of Astrophysics and Cosmology on origin and
structure of Universe. AMS-02 aims at searches for primordial antimatter and dark matter. It is trying to study the cosmic
sources emanating from stars and supernova as well as from exotic sources like quark stars, dark-matter annihilations, and
galaxies beyond Milky Way. Since, AMS-02 is expected to make very high-statistics cosmic ray measurements above the
atmosphere, one can never rule out the possibility of surprising new observations.

BG-28

A precision measurement of the positron fraction in primary cosmic rays in the energy
range 0.5-350 GeV by the AMS experiment.
SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
The results of the AMS experiment on the primary positron fraction in the energy range from 0.5 to 350 GeV are presented.
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BG-29

2013.04.24-26, 대전컨벤션센터

Performance of the AMS02 Transition Radiation Detector

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
For indirect search of dark matter in the space the AMS02 detector on the International Space Station is equipped with the
Transition Radiation Detector (TRD) which plays a central role to separate electrons from proton backgroud. The TRD has 20
layers of radiation fleece with Xe/CO2 proportional straw-tube counters. Some results of performance study of the TRD are
presented.

BG-30

Performance of the AMS02 Tracker

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyung, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
The AMS02 detector has a 9-layer silicon Microstrip tracker to measure particle momentum and charge. The Tracker consists
of 3 double-plane and 3 one-plane layers and it surrounding AMS02 permanent magnet. We present some results of
performance study of the Tracker.
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BG-31

2013.04.24-26, 대전컨벤션센터

Performance of the AMS02 Electromagnetic Calorimeter

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyung, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
The Electromagnetic Calorimeter (ECAL) is located in the bottom of the AMS02 spectrometer, The ECAL consists of leadscintillator sandwiches forming 9 super layers. We present some results of the ECAL performance studies in terms of energy
resolution, longitudinal and lateral profiles electromagnetic showers from data taken in the space.

BG-32
in the Space

Study of Electron to Proton Likelihood Functions at a Few Hundred GeV from AMS Data

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
Measuring positron fraction in primary cosmic rays requires precise separation for its accuracy. One of the most important
estimator for separation is a TRD likelihood discriminating function, called, e/p-likelihood. The function however has to be
understood especially for electrons and protons of a few-100 GeV energy. Based on the data taken in the space on the ISS we
present results of their likelihood function study in the high energy regions.
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BG-33

2013.04.24-26, 대전컨벤션센터

Gaugino masses from gravitino at one loop

,
.
The N=1 supergravity coupled to chiral and Yang-Mills superfields is regarded as the ultraviolet theory of the MSSM. The
gravitino acqires a mass from the hidden sector and in turn participate in mediating supersymmetry breaking to the MSSM
sector. We take into account the quantum effects of gravitino and then evaluate the gravitino contributions to the gaugino
masses at one loop level, which is universal irrespective of the kinds of the SM gauge symmetries.

BG-34
,

Using the Higgs boson to probe the Littlest Higgs Model
1,

, CHEUNG Kingman
,
. 1
,
.
In the littlest Higgs model with T-parity, the production cross section ofthe T-odd heavy gauge boson pair ZH WH is quite
sizable at the LHC. In addition, both the WH and ZH bosons have almost exclusively one decaychannel into W+AH and H+AH
respectively, where the dark matter candidate AH yields a large missing energy signal. Upon the discovery of the Higgsboson at
125 GeV, we study the discovery sensitivity of the final state with one b quark pair, one lepton and missing transverse energy to
probe the model at the LHC. We find that thestandard model backgrounds are manageable by applying suitable kinematic
cuts.The LHC running at 14 TeV with a 100/fb total luminosity issensitive to the model if the symmetry breaking scale f is
below about 850 GeV.
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BG-35
,

2013.04.24-26, 대전컨벤션센터

Non-Gaussianity from Non-minimal Coupling: a Hybrid Model
,

,
.
We consider a model of inflation with non-minimal coupling with two
inflaton fields. It is noticed that a large class of inflaton potentials in
product form as well as additively separable form can generate large nonGaussianities especially when non-minimal coupling term is introduced.
A potentially realistic hybrid inflationary model with two fields with a
non-minimal coupling term is analyzed in detail. The model explicitly
demonstrate the appearance of a large non-Gaussianity.

BG-36
Method

Self Energy Analysis for Staggered Fermions using Non-Perturbative Renormalization

KIM Jangho, LEE Weonjong
Seoul National University.
We calculate the renormalization factor using Non-perturbative renormalization(NPR) for improved staggered fermions on the
MILC asqtad lattices. The perturbative renormalization is to calculate renormalization factors up to a given order. On the other
hand non-perturbative renormalization is to calculate renormalization factors up to the infinite order in g^2 directly on the
lattice. We calucalte mass renormalization factor and wave function renormalization factor from self-energy diagrams.
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BG-37

2013.04.24-26, 대전컨벤션센터

Dark Matter Asymmetry In Supersymmetric Dirac Leptogenesis

CHOI Ki-Young, CHUN Eung Jin1, SHIN Chang Sub
(APCTP). 1
(KIAS).
We discuss asymmetric or symmetric dark matter candidate in the supersymmetric Dirac leptogenesis scenario. By introducing
a singlet superfield coupling to right-handed neutrinos, the overabundance problem of dark matter can be evaded and various
possibilities for dark matter candidate arise. If the singlino is the lightest supersymmetric particle (LSP), it becomes naturally
asymmetric dark matter. On the other hand, the right-handed sneutrino is a symmetric dark matter candidate whose relic density
can be determined by the usual thermal freeze-out process. The conventional neutralino or gravitino LSP can be also a dark
matter candidate as its non-thermal production from the right-handed sneutrino can be controlled appropriately. In our scenario,
the late-decay of heavy supersymmetric particles mainly produce the right-handed sneutrino and neutrino which is harmless to
the standard prediction of the big-bang nucleosynthesis.

BG-38

Higgs Mixing And Diphoton Rate Enhancement In NMSSM Models

KWANG SIK Jeong, SANG HUI Im1, KIWOON Choi2, MASAHIRO
Yamaguchi
Tohoku University. 1Seoul National University. 2KAIST.
We study the implications of the LHC Higgs signals on the Higgs mixing
in the next-to-minimal supersymmetric standard model (NMSSM). The
Higgs couplings can depart from their values in the standard model (SM)
due to mixing effects. However the Higgs signal rate in the WW and ZZ
channels can remain close to the SM values, as observed at the LHC,
even if the SM-like Higgs boson with a mass near 125 GeV has a large
singlet component. This allows to get a sizable enhancement in the Higgs
to diphoton rate through the charged-higgsino loop contribution, as well
as a sizable reduction of the Higgs to bb and tautau rates through the
mixing effects, with little deviation in the WW and ZZ signal rates from
the SM prediction. We find that an enhancement of diphoton signals by a
factor of 1.5 or more, and also a reduction of bb and tautau signals by a
factor of 0.5, can be obtained in the region of parameter space consistent
with the constraints on the higgsino mass parameter and the singlet
coupling to the Higgs doublets, which determine the Higgs mixing.
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BG-39

2013.04.24-26, 대전컨벤션센터

BSM corrections to indirect CP violation in neutral kaons in Nf = 2+1 QCD

BAE Taegil, JANG Yong-Chull1, JEONG Hwancheol1, JUNG Chulwoo2, KIM Hyung-Jin2, KIM Jangho1, KIM Jongjeong1,
KIM Kwangwoo1, KIM Sunghee1, LEE Weonjong1, SHARPE Stephen R.3, YOON Boram1
Korea Institute of Science and Technology Information. 1Department of Physics and Astronomy, Seoul National
University. 2Physics Department, Brookhaven National Laboratory. 3Physics Department, University of Washington.
We present results of the BSM (beyond the standard model) B-parameters calculated using improved staggered fermions in a
mixed fermion action formulation. The calculation is done on the MILC asqtad lattices at four different lattice spacings (coarse,
fine, superfine and ultrafine). We use HYP-smeared staggered fermions as valence quarks. The lattice results are matching to
the MS-bar (NDR) scheme using one-loop perturbation theory at mu = 1/a (horizontal matching). Then, we use the two-loop RG
evolution to run the results from mu = 1/a to mu = 2 GeV. We present the error budgets and summarize the final results in
tables. They are compared with results of other fermion fomulations on the lattice.

BG-40

Search a very heavy bottom-like B'->tW with multilepton final state

CHOI Young-Kyu, CHOI Young-Il, CHO Yong-Jin
Sungkyunkwan university.
We search the very heavy bottom quark(B') partner that decays into a same-sing di-lepton final state. B' quark decays into tW,
bZ and bH. Branching ratiio of Br(B'->tW), Br(B'->bZ) and Br(B'->bH) are varied by 0.1 step and all mixture is considered in
this analysis. This analysis is based on a counting method and background estimation is accomplished from control regions with
2012 8 TeV full data sample.
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BG-41

Background Study for Doubly Charged Higgs Search with 8TeV center-of-mass energy at

CMS
,

2013.04.24-26, 대전컨벤션센터

,

,

1

. 1
.
A background study for doubly charged Higgs search has been
performed with 8TeV center-of-mass energy at CMS experiment. A
comparison between background MC data and real data is present.

BG-42

Fake Rates Study of RPC Muon in CMS experiment

KWON Eunhyang, KIM Minsuk, YU Intae, GOH Junghwan, SEO
Jiwoong
.
We introduce muon track reconstruction using the central tracker and the
RPC muon chambers in CMS experiment at LHC. RPC Muons are muon
objects reconstructed with an algorithm that starts from a silicon tracker
track and looks for reconstructed hits in two RPC layers. The efficiency
to reconstruct and identify a muon in the RPC detector with a transverse
momentum pT larger than a few GeV/c was measured and compared with
results from the standard CMS muon reconstruction for proton-proton
collisions. We present a rate for the misidentification of charged hadrons
as RPC Muons.
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BG-43
data

,
Hammid,

2013.04.24-26, 대전컨벤션센터

W boson transverse momentum differential cross section measurement with 8 TeV CMS
,

, BUTANOV Khakimjan, YUSUPOV

.

We present the transverse momentum
differential cross section of W boson
with 18.8/pb data taken by CMS detector
at 8 TeV. We apply lepton and missing
energy correction to compensate the
detector response. The signal events are
extracted from missing energy space to explain the QCD bacground.
The result is unfolded for the generator level study

BG-44

Search for a New Charged Gauge Boson Using Leptonic Decay in pp Collisions at a Centreof-mass energy of 8 TeV
LEE Jungeun, YANG Yuchul, OH Youngdo, KIM DongHee, HOEPFNER Kerstin1, ERDWEG Soren1, HEBBEKER Thomas1,
KNUTZEN Simon1, MILLET Philipp1, OLSCHEWSKI Mark1, PADEKEN Klaas1
WCU Collider Physics Research Kyungpook National University. 1RWTH Aschen University.
A search for a new charged gauge boson W' decaying to an electron or muon and a neutrino is presented using 2012 data,
collected using the CMS detector in pp collisions at a centre-of-mass energy of 8 TeV at the LHC. No significant excess of
events above the standard model expectation is found in the transverse mass distribution of the lepton-neutrino system. Mass
exclusion limits at 95% CL for a SM-like W' boson are determined. These results are also interpreted in the framework of split
universalextra dimension model and exclusion limits on the 2nd Kaluza Klein state of W boson are set.
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BG-45

2013.04.24-26, 대전컨벤션센터

Search for Supersymmetry with the trilepton and missing energy final state at the CMS

KIM Zero, KIM Jae Yool, LIM Intaek, LEE Junsu, OH Geonhee, SONG
Sanghyeon
Institute for Universe and Elementary Particles, Chonnam National
University.
We present the results of a search for supersymmetric events with
trilepton and missing energy with 19.5fb-1 of data collected by the CMS
detecter at the LHC. Neutralino and chargeno susy particles are produced
directly at proton-proton collosion, and dominantly decay to three or
more leptons and neutrino and the lightest supersymmetric particle. The
UBM technique is used to predict the background from standard model.
As a result we found no excess of multilepton susy signal. And the
exclusion limit has been set up on SMS model.

BG-46

A search for low-mass dark matter WIMPS with the KIMS experiment

LEE, H.S., HAHN, I.S., KIM, B.H.1, KIM, G.B.1, BHANG, H.C.1, CHOI, J.H.1, KIM, J.H.1, LEE, J.H.1, LI, J.1, LEE, J.K.1,
KIM, K.W.1, KIM, S.C.1, CHOI, S.H.1, KIM, S.K.1, OLSEN, S.L.1, MYUNG, S.S.1, KANG, W.G.2, KIM, Y.D.2, KIM, H.J.3,
SO, J.H.3, LI, J.4, YUE, Q.4, LI, Y.J.4, LI, X.R.5
Ewha Womans University. 1Seoul National University. 2Sejong University. 3Kyungpook National University
University. 4Tsinghua University. 5IHEP.
The KIMS experiment reported results of a dark matter WIMP search based on a 24524.3 kg-day exposure of a lowbackground CsI(Tl) crystal detector array. While these results reject the DAMA annual modulation signature as being due to
WIMP scattering from Iodine (I), they do not provide any constraints on the possibility that low-mass WIMP (<20GeV)
scattering from Sodium (Na) could be the source of the DAMA signature, because of the 3keV visible-energy threshold used in
the KIMS analysis. This energy threshold was required in order to employ the pulse shape discrimination (PSD) in the analysis.
In an alternative analysis technique, the sensitivity to low-mass WIMPs is enhanced by reducing the visible-energy threshold to
2keV and not utilizing PSD. In this report, results of a low-mass dark matter search that uses the data from the same exposure
but with a reduced energy threshold will be presented.
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BG-47

2013.04.24-26, 대전컨벤션센터

Measurements of B->DDs0^+ decay rates and search for isospin partner of the Ds0^+

CHOI Sookyung, OLSEN Stephen L1
Gyeongsang. 1Seoul.
We report measurements of the product branching fractions B(B+ a DDs0^+) B(Ds0^+ a Ds^+ pi0) & B(B0a D- Dso^+) B
(Ds0^+ aDs^+pi0) and results of a search for the isospin partner of the Ds0^+.The analyses uses a 710.5fb-1 data sample
containing 772 millions of BBbarpairs collected at the Upsilon(4S) resonance in the Belle detector at the KEKB collider.

BG-48

The Secondary Particles at Belle II Simulation

KIM Doris
.

The next generation B factory, the Belle II experiment,
is going to start run at the end of year 2015. In addition
to the corresponding upgrade of the accelerator and the
detector, the collaboration is actively building its
software packages to prepare for this excellent physics
opportunities. As an example of the developmental
process of software packages, we will show how we are
simulating the secondary particle generation based on
Geant4. Also, we will show the performance of the
simulation software packages using supercomputers at
KISTI.
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BG-49

2013.04.24-26, 대전컨벤션센터

Y-type

BUTANOV Khakimjan, YUSUPOV Hammid, PARK Sangil, LEE SangEun, SON Dongchul, KIM Guinyun
The Center for High Energy Physics, Kyungpook National University.
Missing transverse momentum (MET) resolutions in W boson decaying events are determined via the hadronic recoil technique
for a data sample corresponding to an integrated luminosity of 19/pb low pile-up. The hadronic recoil is studied in the transverse
plane in two directions. We get the MET corrections comparing the MC and real data for each of the boson transverse
momentums.

BP-01

Neutrino oscillation experiments with the accelerator neutrino beam in Japan.

NAKAYA Tsuyoshi
Kyoto University.
We report the recent results of an accelerator neutrino experiment in Japan.The experiment is T2K, Tokai-to(2)-Kamioka
neutrino oscillation experiment.In T2K, the intense and high quality neutrino beam is produced by the accelerator complex,
named J-PARC, at Tokai in Japan. The beam is shot to the Super-Kamiokande detector at Kamioka, 295 km away from JPARC.In T2K, the oscillation from muon neutrinos to electron neutrinos was found in 2011 as an evidence of non-zero value of
theta_{13} which is the last mixing angle in the neutrino mixing matrix. Soon after the T2K result, the RENO, Double Chooz
and Daya Bay reactor neutrino experiments confirm the non-zero value of theta_{13} and provide the precise measurements.
Furthermore, we report other results on neutrino oscillations from the T2K experiment. The discovery of non-zero theta_{13}
opens the new window to study neutrino CP violation, asymmetry between a neutrino and an anti-neutrino. In Japan, toward the
discovery of neutrino CP violation, a next generation neutrino oscillation experiment is proposed to build a gigantic neutrino
detector Hyper-Kamiokande, a successor of Super-Kamiokande, together with the more intense neutrino beam by J-PARC.We
will introduce the new experiment and the sensitivity of CP violation.
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BP-02

2013.04.24-26, 대전컨벤션센터

A Precise Measurement of Neutrino Mixing Angle theta_13 at RENO

KIM Soo-Bong
Seoul National University.
The Reactor Experiment for Neutrino Oscillation(RENO) started data-taking from August, 2011 and has observed the
disappearance of reactor electron antineutrinos, consistent with neutrino oscillations. The experiment has made unprecedentedly
accurate measurement of reactor neutrino flux, and performed a definitive measurement of the smallest neutrino mixing angle
theta_13 based on the disappearance. Antineutrinos from six reactors at Yonggwang Nuclear Power Plant in Korea, are detected
and compared by two identical detectors located at 294 m and 1383 m, respectively, from the reactor array center. In this talk, a
new result from RENO will be presented based on the further reduction of backgrounds and a spectral shape analysis. A precise
measurement of reactor neutrino flux and spectrum will be also presented in comparison with expectations.

BP-03

Recent status of neutrino oscillation phenomenology

YASUDA Osamu
Tokyo Metropolitan University.
After results of recent neutrino oscillation experiments are briefly
reviewed, prospects of future neutrino oscillation study in the
standard as well as non-standard frameworks of massive neutrino are discussed.
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BP-04

2013.04.24-26, 대전컨벤션센터

Neutrino models at the LHC

CHUN Eung Jin
Korea Institute for Advanced Study.
The observed neutrino masses and mixing require new physics beyond Standard Model. Various neutrino mass models can lead
to peculiar collider signatures which might enable us to deduce more information on the neutrino mass matrix or the Higgs
boson property. We discuss the LHC feasibility to observe such phenomena related to neutrino physics.

BP-05

Higgs boson search with the CMS detector: results from the 7 and 8 TeV runs at the LHC

CAMPORESI Tiziano
).
CERN(
In 2011 and 2012 LHC has delivered more than 25 1/fb of luminosity at centre of mass energy of 7 and 8 TeV. CMS has
searched for evidence of Higgs boson production and decay in several channels. This has lead to the historical event of July 4th
2012 when the discovery of a new boson was announced.In this talk the analyses performed will be described with emphasis on
those production/decay modes which give the highest sensitivity.In particular the talk will concentrate on the update of the
analyses with the full dataset available from the 2012 run at 8 TeV.
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BP-06

2013.04.24-26, 대전컨벤션센터

Physics Highlights from CMS

LANDSBERG Greg
Brown University.
I'll cover a host of recent searches for new physics and standard model measurements at CMS. Most of these results are based
on the full statistics of the LHC Run I, with up to 25/fb of data analyzed. These results correspond to stringent limits on variety
of new physics models, from SUSY to theories with extra dimensions. A number of precision measurements in the top and W/Z
sectors offer an important test of higher-order theoretical calculations and provide new input for PDF fits and Monte Carlo
generator tuning. Higgs boson studies will be covered in a separate talk.

BP-07

The CMS detecter upgrade in phase 0, 1 and 2

BALL Austin
).
CERN(
We are currently in the long shutsown(LS) period since the LHC had finished data taking at 8 TeV. There are 3 LS for the next
ten years. There will be 13 TeV running after LS1 while 14 TeV after LS2. The LS3 is for the preparation of High luminosity
LHC at 14 TeV. In each LS period, the CMS detector upgrade will be under gone. The CMS detector upgrade plan in each
pahse 0 and 1 will be presented as well as the major upgrade called Super-LHC in phase-2 to cope with the high luminosity
environment.
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BP-08

2013.04.24-26, 대전컨벤션센터

Status of the BELLE-II Experiment

IWASAKI Yoshihito
KEK.
Belle experiment finished on June 30, 2010, which collected data of
$772 \times 10^6 B\bar{B}$ pairs at the $\Upsion(4S)$ resonance
provided by the KEKB asymmetric energy $e^+e^-$ collider. After then,
Belle-II detector has been under construction to be ready for the data
taking in 2016 with the upgraded accelerator, SuperKEKB. To cope with
the 80 times higher luminosity, $8 \times 10^{35}cm^{-2}s^{-1}$, the
trackers and the particle identification devices will be replaced with
the high performance read-out systems. I will discuss about the new
Belle-II detector and show the construction status.

BP-09

Beyond the Standard Model Physics Perspectives (no SUSY)

KIM Hyung Do
Seoul National University, Department of Physics and Astronomy.
After the first run of the LHC, understanding of the electroweak symmetry breaking became deeper. The implication of 125
GeV Higgs boson in the Standard Model(SM) and beyond the SM other than supersymmetry will be discussed. Perturbativity of
the Higgs self coupling and the stability of the Higgs potential will be the leading guideline in search of new physics above the
weak scale. Possible enhancement of Higgs to di-photon rate compared to the SM will be the hint of new physics. What can be
seen at the LHC if the enhancement is real will be discussed. Finally, Coleman-Weinberg Higgs which predicts different Higgs
self interaction than the SM will be introduced and the way to distinguish it from the SM Higgs will be discussed.
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BP-10
(LEE)
,

BP-11

2013.04.24-26, 대전컨벤션센터

Prospects for SUSY at the LHC
(Jae Sik)
.

Theoretical Basis of Higgs Spin and Parity Measurments at the LHC

CHOI Seong Youl
Chonbuk National University.
The theoretical basis of spin and parity measuements for Higgs bosons at the LHC is reviewed. Angular helicity analyses and
threshold effects in particle decays to electroweak gauge bosons, photons and fermions are summarized, as well as relevant
production channels, for arbitrary spin and parity assignments.
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BP-12

2013.04.24-26, 대전컨벤션센터

Prospects on Flavor Physics in the era of LHC

KO Pyungwon
KIAS.
I describe the current status of flavor physics anddiscuss important issues in the coming years. In particular, I will focus on the
physics issues that could be studied at the LHC, Super Belle, J-PARC, etc..

P2-B001
,

Current status of a beam hole charged veto(BHCV) for E14 KOTO at J-Parc
,

,
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P2-B002*

2013.04.24-26, 대전컨벤션센터

Study on results of fast and full simulation in Top analysis.

LEE Jangbae, PARK Inkyu, PARK Chawon, KIM Jihyun, PARK Sangnam, CHOI Minkyoo, RYU Geonmo, CHOI Kijin
University of Seoul, Department of Physics.
CMS
Fast simulation
CMS software
CMS detector
physics event
simuation
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. Fast simulation Geant4
full simulation
computing resource
CMS
.
Fast simulation
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P2-B004

2013.04.24-26, 대전컨벤션센터

CMS muon reconstruction at LHC with and without RPC hits at high eta (> 1.5)region

,
.
Detailed study of the CMS muon reconstruction at LHC with and without RPC hits at high eta (> 1.5)region has been
performed. The higher contribution (4-5 %) of the RPC hits in the region where CSC are disconnected (ring 1, which is most
internal) is evident. Even if the RPCs are not present in the ring 1, we recover many muons due to the RPC hits in outer rings.
This is an important message in favour of the redundancy and about the necessity to have muon detectors in ring 1. This is a
very important step in understanding the muon reconstruction at high eta region.

P2-B005
Model

A Research on the Paradigm of Theory-Experiment-Simulation for Probing the Standard

,
,
,
,
KISTI.
We introduce a new paradigm of fusion research of experiment-theory-simulation. We apply this paradigm to particle physics,
especially on flavor physics to probe the Standard Model. Using this concept, we study it anytime and anywhere. This is an
innovation since it is the first combination of experiment, theory and simulation. This is not a simple collection of experiments,
theory and simulation, but rather the fusion processing of these researches to verify Standard Model more efficiently. We
develop a combination of experiment-simulation called cyber laboratory. We also work on theory-simulation including Lattice
QCD and Geant4. For theory-experiment we study phenomenology and data analysis based on Experiments from KEK and
FNAL which give results and tools for theories. They give feedback to the model of simulations. In conclusion we present the
results of flavor physics to probe the Standard Model and search for new physics based on the fusion research of theoryexperiment-simulation.
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P2-B006

Expected spectra of prompt signals from reactor neutrinos at RENO
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Study on the long baseline neutrino oscillation using GloBES
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P2-B008
,

2013.04.24-26, 대전컨벤션센터

Feasibility study of a Gd-loaded DIN-based liquid scintillator
,

.
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.
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P2-B009

.
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Water-contents of 0.5% Gd-loaded LAB-based liquid scintillator with time
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P2-B010

2013.04.24-26, 대전컨벤션센터

CMS RPC Chamber Production During The First LHC Long Shutdown

KWON Eunhyang, SEO Hyunkwan, LEE Jongseok, CHOI Youngil
.
Resistive Plate Chambers (RPC) are used in both barrel and endcaps as dedicated trigger detectors and improve the muon
reconstruction in CMS along with Drift Tubes (DT) and Cathode Strip Chambers (CSC). During the first three-year LHC
running period, the 4th endcap disks remained largely uninstrumented. CSCs were only installed in the very forward region (1.8
< |η | < 2.4), and RPCs were missing completely and covered only the first three endcap disks up to |η | = 1.6. During the first
long shutdown (LS1) in 2013-2014, these 4th endcap stations will be instrumented further with new CSCs below |η | = 1.8 and
new RPCs up to |η | = 1.6. A total of 144 High Pressure Laminate (HPL) double-gap RPCs are being assembled at BARC
(India), Ghent (Belgium) and CERN Prevessin. Korea CMS group is participating in the chamber production at CERN and we
report the status of gap test and chamber assembly performed at CERN Prevessin site.

P2-B011
Experiment

Reinterpertation of W' Search with Split Universal Extra Dimension Model at CMS

CHOI Jaeyun, YANG Yuchul, OH Youngdo, KIM DongHee, PARK Seong Chan1
WCU Collider Physics Research Kyungpook National University. 1SungKyunKwan University.
The search for a new heavy gauge boson W’ derived from split universal extra dimension model(UED)is studied at pp
collisions.The observed limit obtained from SM like W' search was directly applied to set limits on the mass of second KaluzaKlein mode of W boson and the bound on split-UED parameter space[1/R, mu]. The data is based on 20 fb-1 collected in 2012
with the CMS experiment.
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P2-B012

Search for Pair Production of R Parity Violating Scalar Top Quarks in Tau + b-jet
events with the CMS Detector

CHOI Eunmi, KONG Daejung, YANG Yuchul, OH Youngdo, KIM DongHee, KAMON Teruki1, GURROLA Alfredo2, MELO
Andrew2, SHELDON Paul2, KAADZ Ketino3, MARIONNEAU Matthieu4
WCU Collider Physics Research Kyungpook National University. 1WCU Collider Physics Research Kyungpook National
University, Texas A&M. 2Vanderbilt University. 3CERN. 4University of Maryland.
A search for R parity violating scalar top quarks using two taus and two b-jets events from a data sample corresponding to an
integrated luminosity of 4.8 fb-1 collected by the CMS detector at the LHC with sqrt(s) = 7 TeV. The number of observed events
is consistent with the Standard Model. The RPV scalar topquarks with masses below 453 GeV are excluded at 95 % CL limits
with assuming the trilinear coupling between stop, tau, b quark (lambda'(333)) in RPV is 1.0. This results are translated to the
exclusion region in MSSM and mSUGRA paramter space.

P2-B013
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P2-B014*

Development of cryogenic photon detectors for neutrinoless double beta decay
1,

,

2013.04.24-26, 대전컨벤션센터
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, KHAN sajid3
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Detailed simulation of radioactive sources for energy calibration at RENO
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P2-B016

2013.04.24-26, 대전컨벤션센터

Status of the photomultiplier tube tests for upgrade of KIMS detector

,
,
,
,
,
,
,
,
,
,
,
,
, LI
1
2
2
2
2
Jin, OLSEN S.L.,
,
,
,
,
, LI J3, YUE Q.3, LI Y.J.3, LI X.R.4
,
. 1
,
. 2
,
. 3Tshinghua University. 4IHEP.
The KIMS experiment uses CsI(Tl) scintillating crystals that are read out by 3 inch photomultipler tubes (PMTs) to search for
evidence of weakly interacting massive particle dark matter candidates, commonly known as WIMPs. We are investigating the
properties of Hamamatsu PMTs R11065 and R6956, both of which are reputed to have lower background levels and higher
quantum efficiencies than the PMTs that are currently used in the KIMS detector. In these evaluation studies, the PMTs are
coupled to a low-background CsI(Tl) crystal with dimensions 8 x 8 x 30 cm3 and tested in the Yangyang deep underground
laboratory. To characterize the background pulses from the two different PMTs, tests with quartz and casted acrylic light
couplers were carried out. The status and currently available results of these tests will be presented.

P2-B017*

8,

Improved Method for Expected Reactor Neutrino Flux Calculation at RENO
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In RENO(Reactor experiment for neutrino oscillation) experiment, expected neutrino flux from the reactor core is needed to
be compared with detected flux at the detector. The flux is dependent on fissioning isotope fraction (fission fraction) in the core,
which varies in time by nuclear fission. Until now, it is assumed that every fuel cycle is equivalent, and difference in initial
conditions and burnup rates are not considered. The new methode treats each cycle and core seperately, and thereby provides
more accurate value for expected neutrnio flux. In this presentation, we will show this improved methode and its difference with
previous methode.
.
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P2-B018

Long-term stability of 0.1% Gd-loaded LAB-based liquid scintillator at RENO
1,

,

2013.04.24-26, 대전컨벤션센터
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P2-B019

4

LAB

Gd-LS
0.1%

Charge Confusion of Electrons at the AMS Tracker

(attenuation length)
.

SON Dongchul, KIM Kyung Sook, JANG Woo Young, PARK Wung Hwa, HUH Chang Gi, SHARMA Neelesh, KIM GuiNyun, OH Seji1, CHAE Min Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ewha Womans University.
The AMS Tracker's capability to measure rigidity of particle with the AMS permanent magnet is proven to be excellent with
the data taken in the space. We studied cases of wrongly assigned signs of charge due to limitations of reconstruction and
detector resolution which leads to charge confusion problems of electrons in the study of positron fractions and our results are
presented.
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P2-B020

CMS Tier2

2013.04.24-26, 대전컨벤션센터

IPv6

SON Dongchul, HAN Daehee, SONG Jihwan, PARK Hyang-Kyu
Kyungpook National University.
CMS
CMS Tier-2
CERN
(Worldwide LHC Computing Grid)
CMS
IPv4
.
IPv6
IPv6
IPv6
.

P2-B021*

CMS(Compact Muon Solenoid)
CMS
.
IPv6
.

WLCG

CMS Tier-2

Study on Pair Production of Supersymmetric Bosons at the CMS Experiment

1,
1,
2
,
,
,
,
,
,
,
,
Chonnam National University. 1Korea University. 2Kangwon National University.
The trimuon signature originating from decays of neutralinos and charginos has only a small background contribution from
Standard Model processes. For this reason it is sometimes called the golden signature. The final signatures of this analysis are
the two Opposite Sign Same Flavor(OSSF) muons from the neutralino decay plus any muon from the chargino decay and a
missing transverse energy from two neutralinos and neutrino. The results are reported from a search for supersymmetry via
direct electroweak production mechanism with the trimuon channel in proton-proton collisions at a center-of-mass energy of 7
TeV. The data sample comprises an integrated luminosity of 10 fb-1, recorded by the CMS experiment at the LHC.
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P2-B022

2013.04.24-26, 대전컨벤션센터

The Lepton transverse momentum correction study for W boson at CMS

YUSUPOV Hammid, BUTANOV Khakimjan, PARK SangIl, LEE SangEun, SON Dongchul, KIM Guinyun
Kyungpook National University.
We present the results of the muon momentum and electron energy scale correction study for W boson using CMS pp collision
data from the 2012 low lumi run of the LHC at 8 TeV with 19/pb of integrated luminosity in 6 bins of pseudorapidity. The
muon and electron transverse momenta are corrected by the scale and the smear effects which are extracted by comparing MC
and real data.

P2-B023

Study of detection efficiency at RENO
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P2-B024

2013.04.24-26, 대전컨벤션센터

Study of B+ -> K+X(3872) -> K+ppbar decay at Belle

1
, OLSEN Stephen Lars, LI Jin,
. 1
.
Since the first observation of the X(3872) meson, there have been many hypotheses about its structure. We have studied the B
decay mode, B+ -> K+X(3872) -> K+ppbar, to measure the branching fraction for X(3872) decay to ppbar at the Belle
experiment. For the signal extraction and background suppression, a signal MC sample was produced and compared with the
corresponding generic MC data of continuum and bbbar background. In this report we present the current status of the
background suppression with KSFW method.

P2-B025
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P2-B026*
,

2013.04.24-26, 대전컨벤션센터
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P2-B028

2013.04.24-26, 대전컨벤션센터

The Electron Efficiency Study for W Charge Asymmetry Electron Channel at CMS

NAM Soon-kwon, CHANG Sunghyun, KIM Jungmin, KIM Taehoon, KIM Youngnam, LEE SangEun1, BUTANOV
Khakimjan1, YSUPOV Hammid1, PARK Sangil1, SON Dongchul1, KIM Guinyun1
. 1
.
We present a measurement of the electron trigger efficiency and identification efficiency using Tag and Probe method. The
results with Monte Carlo simulation are compared with those of the real data. Data samples are collected with the CMS detector
at 8TeV corresponding to W charge asymmetry electron channel selection criteria

P2-B029

The Pile Up Correction Study for W Charge Asymmetry Electron Channel at CMS

NAM Soon-kwon, CHANG Sunghyun, KIM Jungmin, KIM Taehoon, KIM Youngnam, LEE SangEun, BUTANOV
Khakimjan, YSUPOV Hammid, PARK Sangil, SON Dongchul, KIM Guinyun
.
We present results of the pile up correction study for W charge asymmetry electron channel using CMS pp collision data from
the 2012 high lumi run of the LHC at 8 TeV with 764,648/pb of integrated luminosity. We investigate electron pt and vertex
number distribution which are extracted by comparing real data and MC
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CG-01

2013.04.24-26, 대전컨벤션센터

Developing Portable Fast Ionization Chamber

CHAE Kyungyuk, GWAK M.S., CHA S.M., JO S.W.
Physics Department, Sungkyunkwan University.
Detection of beam and beam like recoils at far forward angles is often critical for radioactive beam measurements in inverse
kinematics. Gas-filled ionization chambers are well suited for these applications, since they have moderately good energy
resolution and can take prolonged exposure to beam compared to fragile semiconductor detectors. Conventional ion counters
using a Frisch grid, however, have slow response times because the ionized electrons must travel long distances to the anodes.
To reduce response times, we are developing a fast ion counter using multiple electrodes perpendicular to the beam axis. The
details about the design and manufacturing, along with future plans for using the new ion counter, will be presented.

CG-02
,

A Preliminary Evaluation of 136Cs Nuclear Structure/Decay Data
,

.
Evaluation works of experimental nuclear structure/decay data are usually performed on the basis of atomic mass to a special
format database such as a ENSDF-format. The level schemes, energy intensities, decay modes, half-lives, Q-values, etc. of a
nuclide are evaluated using various utility programs. The evaluation processes choose the experimental data and check and fix
inconsistencies of level schemes and physical quantities. In this study, new gamma energy levels and intensities of 136Cs are
adopted and decay data are added to the existing ENSDF data file from XUNDL database. The experimental data from
XUNDL database include only discrete energy level data. The continuum energy data of 136Cs were generated with model
calculation.
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CG-03

2013.04.24-26, 대전컨벤션센터

Minipad silicon sensor for the PHENIX MPC-EX detector

KWON Y., SUE D.G., KIM E.J.1, LEE J.H.2, PARK J.M.2, PARK K.S.2, HAHN K.I.3, HAN S.Y.3, KIM Y.K.4, JOO K.S.5,
JEON S.J.5, MOON H.J.5, LIM K.S.5, HONG H.S.5, PARK H.M.5, KIM D.S.5, CHAI J.S.6
Yonsei Univ. 1Chonbuk National Univ. 2ETRI. 3Ewha Womans Univ. 4Hanyang Univ., RISP. 5Myongji
Univ. 6Sungkyunkwan Univ.
The Muon Piston Calorimeter Extension (MPC-EX), a PHENIX upgrade project, is a Si-W sandwich preshower detector,
which will be installed in front of the existing PHENIX muon piston calorimeter. Korean groups plan to produce Si “minipad”
sensors in the sandwich detector after a sequence of R&D. We introduce the scope of MPC-EX detector, expected
measurements and academic results, and describe the design goal of MPC-EX detector and the role of Si “minipad” sensors in
the design, the reconstruction of preshower and the position-sensitive detection of preshower particles. This discussion evolves
into an introduction to the design parameters, the fabrication definition, and the test procedures of the Si “minipad” sensors to
be produced in the near future.

CG-04

Test of Prototype Minipad Sensors for The PHENIX MPC-EX Detector

HAN S.Y., HAHN K.I., KIM E.J.1, LEE J.H.2, PARK K.S.2, PARK J.M.2, KIM Y.K.3, JOO K.S.4, JEON S.J.4, MOON H.J.4,
LIM K.S.4, HONG H.S.4, PARK H.M.4, KIM D.S.4, CHAE J.S.5, KWON Y.6, SUE D.G.6
Ewha womans university. 1Chonbuk National University. 2ETRI. 3Hanyang University, RISP. 4Myongji
University. 5Sungkyunkwan University. 6Yonsei University.
The Muon Piston Calorimeter Extension (MPC-EX), a PHENIX upgrade project, is a Si-W sandwich preshower detector,
which will be installed in front of the existing PHENIX muon piston calorimeter. Korean groups plan to produce Si “minipad”
sensors in the sandwich detector after a sequence of R&D. Various tests have been performed to characterize prototype sensors
and are under plan to ensure quality of the delivered sensors. We will describe procedures to characterize sensors, C-V
(capacitance-bias voltage) and I-V (leakage current-bias voltage) measurements before and after dicing fabricated wafers, and
procedures to qualify sensors, measurements for cross talk, stability, and reproducibility. In addition, we will report tolerance
of the sensor for gamma and proton irradiations.
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CG-05

Measurement of (γ, n) and (n, 2n) reaction cross-section of 232Th using the neutron
activation technique and neutron shielding calculation

NAIK H., SURAYANARAYANA S.V.1, ZAMAN M.2, KIM K.S.2, GOSWAMI A., KIM G.N.2
Radiochemistry Division, Bhabha Atomic Research Centre, Mumbai - 400 085, India. 1Nuclear Physics Division, Bhabha
Atomic Research Centre, Mumbai - 400 085, India. 2Kyungpook National University.
The 232Th(n, γ) reaction cross-section at average neutron energies of 3.7, 5.9. 8.04, 9.85, 11.9, 13.5, 15.5 and 17.28 MeV has
been determined using activation and off-line γ-ray spectrometric technique. The 232Th(n, 2n) reaction cross-section at the
average neutron energies of 8.04, 9.85, 11.9, 15.5 and 17.28 MeV has been also determined using the same technique. The
average neutron energies were generated from the 7Li(p, n) reaction with proton energies of 5.6, 7.8, 10, 12, 14, 16, 18 and 20
MeV using BARC-TIFR Pelletron facility at India. The experimentally determined 232Th(n, γ) and 232Th(n, 2n) reaction crosssections were compared with the evaluated data of ENDF/BVII, JENDL-4.0 and JEFF-3.1 and were found to be in good
agreement. The present data along with literature data in a wide range of neutron energies were interpreted in terms of
competition between different reaction channels including fission. The 232Th(n, γ) and 232Th(n, 2n) reaction cross-sections
were also calculated theoretically using the TALYS 1.2 computer code and were found to be in general agreement with the
experimental data. The neutron shielding calculation has been done by using MCNP computer code to extend the experimental
work to higher neutron energies based on the maximum proton energies of 45 MeV, which is available in the medical
cyclotron (MC-50) at the Korea Institute of Radiological and Medical Science (KIRAMS) Seoul, Korea.

CG-06

A study of photoneutron source based on electron accelerator including heat transfer using
the jet impingement cooling method

TATARI Mansoureh, RANJBAR Abbas Hoseini, KIM Guinyun1
Faculty of Physics, Shahid Bahonar University of Kerman, Kerman,7616914111, Iran. 1Department of Physics, Kyungpook
National University, Daegu, Korea.
The objective of this paper is to design a photoneutron source based on electron accelerator considering the efficient heat
removal from an e-γ converter. In this source dimensions of electron/photon and photoneutron targets including radius and
thickness are optimized to obtain maximum value of the neutron yield using the MCNPX code. In the simulations, tungsten is
used as the bremsstrahlung production target and heavy water serving as the dual purpose of photoneutron production and heat
exchange medium. As expected, by increasing the electron current the photoneutron flux and also the temperature of tungsten
are increased. In order to control the temperature, a jet impingement cooling method is used. The distributions of the velocity
and temperature in the system are calculated using computational fluid dynamics method. The results show that the neutron
yields reach up to 1011 n/mA/s and 1012 n/mA/s with a mean energy of 0.24 MeV and 0.55 MeV for 5 and 10 MeV electrons,
respectively. Furthermore, it can be found that the jet impingement cooling method is applicable and effective to design this
kind of systems.
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CG-07

Measurement of excitation functions in proton induced reactions on natHf with in energy
range 3 MeV to 45 MeV

SHAHID MUHAMMAD, KIM Kwangsoo, KIM Guinyun
Kyungpook National University.
In a systematic study of light charged particle, excitation functions for the production cross section of Lu, Hf and Ta
radioisotopes in 3 MeV to 45 MeV proton induced reaction of natHf were measured. The stacked-foil activation technique and
high resolution off-line gamma-ray spectrometry was applied to measure the experimental cross sections of the produced
radionuclides. The production cross section of Lu, Hf and Ta from natHf(p,x) as a function of proton energy were also
theoretically calculated from energy range 0.50 MeV to 50 MeV (with 0.5 MeV energy step) using the computer code TALYS.
The results were compared with the earlier reported experimental data and TENDL-2010 database (TALYS). Most of the
results were found in good agreement in the overlapping energy regions. Some of the investigated radionuclides (e.g. 177gLu)
have remarkable applications in the field of nuclear medicine, a thin layer activation analysis, and a trace element analysis.

CG-08(

) Nuclear electric dipole moment of three-body systems

, LAZAUSKAS Rimantas1, GUDKOV Vladimir2
, University of South Carolina. 1IPHC, IN2P3-CNRS/Universit´e Louis
2
Pasteur BP 28, France. University of South Carolina, USA.
The electric dipole moments(EDMs) of three-body system are calculated using time reversal invariance violating(TRIV)
potentials based on meson exchange theory as well as the ones derived from effective theories with nuclear wave functions
obtained by solving Faddeev equations. The obtained results are compared with the previous EDM calculations and with TRIV
effects in neutron-deuteron scattering so that it can be used to fix the unknown coefficients in TRIV potentials in future
experiments.
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CG-09

2013.04.24-26, 대전컨벤션센터

The Born series for S-wave quartet nd scattering at small cutoff values

ANDO Shung-Ichi
Daegu University, Department of Physics Education.
Perturbative expansions, the Born series, of the scattering length and the amplitude of S-wave neutron-deuteron scattering for
spin quartet channel below deuteron breakup threshold are studied in pionless effective field theory at small cutoff values. A
three-body contact interaction is introduced when the integral equation is solved using the small cutoffs. After renormalizing
the three-body interaction by using the scattering length, we expand the integral equation, as the Born series, around weak
coupling limit and unitary limit. We find that the scattering length and the phase shift are considerably well reproduced with a
few terms of the Born series expanded around the unitary limit at the small cutoff values.

CG-10

Quenching of the axial-vector coupling constant in nuclear matter

PARK Tae-Sun
Sungkyunkwan University, Dept. of Physics.
The quenching of axial-vector coupling constant in nuclear matter has been a long-standing problen in nuclear physics, which
we will discuss in terms of renormalization group equation of the nuclear forces and exchange currents in many body systems.
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CG-11

2013.04.24-26, 대전컨벤션센터

Shear viscosity of quark matter at finite temperature in the external magnetic field

.
We investigate the static shear viscosity of the quark matter at finite
temperature in the presence of the strong external magnetic field. To this
end, we employ the nonlocal chiral quark mode as a theoretical tool, in
which the effective quark mass has momentum dependence with a finite
interaction-range parameter, being motivated by the instanton vacuum
configuration. The temperature dependences for the effective quark
mass and the range parameter are derived from nontrivial caloron
distribution. The external magnetic field is induced using the Schwinger
method. We observe strong effects from the temperature dependent
cutoff parameter in the shear viscosity. The external magnetic effects
discussed in detail.

CG-12

Equation of state for neutron stars in the relativistic Hartree-Fock calculation

MIYATSU Tsuyoshi, CHEOUN Myung-Ki, KIM Kyungsik1
Songsil University. 1Korea Aerospace university.
Using the chiral quark-meson coupling model within relativistic Hartree-Fock approximation, we construct the equation of
state (EOS) for neutron star in a wide-density range at zero temperature. The coupling constants are determined so as to
reproduce the experimental data of atomic nuclei with the Thomas-Fermi calculation and the hyperon potentials. We apply the
resultant EOS to investigate the properties of neutron stars. As a result, the maximum mass of neutron stars can reach 1.95
solar mass, which is consistent with the recently observed massive pulsar (PSR J1614-2230), and the radii of neutron stars are
within the range 12-13 km. The optimized EOS for non-uniform matter is important not only in reproduction of the gross
feature of nuclear mass data but also in determination of the neutron star radius.
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CG-13

2013.04.24-26, 대전컨벤션센터

Nuclear Equation of State and Neutron Star Cooling

LIM Yeunhwan, HYUN Chang Ho, PARK Tae-Sun1, LEE Chang-Hwan2
. 1
. 2
.
We investigate the effects of nuclear equation of state (EOS) to neutron star cooling curve. New era for nuclear EOS has begun
after the discovery of 1.97 solar mass neutron star (PSR J1614–2230). Also recent works on the mass and radius of neutron
stars strongly constrain the EOS of nuclear matter. In this work we use the realistic nuclear force models that can explain both
mass observations and mass-radius relation of neutron stars which is required to get the cooling rate of neutron stars.
Observations of the neutron star in Cassiopea A more than 10 years confirmed the existence of nuclear superfluidity. Nuclear
superfluidity reduces the heat capacities as well as neutrino emissivities. With nuclear superfluidity the (Modified and Direct)
Urca process is highly suppressed, and the existence of superfluidity makes the cooling path quite different from that of the
standard cooling process. Superfluidity also allows new neutrino emission process, which is called 'Pair Breaking and
Formation'(PBF). PBF is a fast cooling process and can explain the fast cooling rate of neutron star in Cas A. Therefore, it is
essential to add the superfluidity effect in the neutron star cooling process. In this talk, we discuss how to implement nuclear
equation of state for neutron star cooling with superfluidity effects, and how to solve the cooling equation numerically. Finally,
we discuss the resulting cooling curves of neutron stars and the physical parameters that are extracted.

CG-14

Development of Hyperon Time-Projection-Chamber(HypTPC) for J-PARC E42

2
HWANG Sanghoon, IMAI K., FOR THE J-PARC E42 COLLABORATION1,
Japan Atomic Energy Agency, Advanced Science Research Center. 1J-PARC. 2
,
.
The H-dibaryon state was proposed as a most stable 6-quark state more than 30 years ago. There has been as yet no definitive
observation of the stable H-dibaryon. E42 collaboration proposes to search for the H-dibaryon in ΛΛ production via 12C(K,K+)X, double charge strangeness exchange reaction, at J-PARC K1.8 beamline. We plan to construct a large -acceptance
hyperon spectrometer with a Time-Projection-Chamber(HypTPC) to detector ΛΛ particles, simultaneously K+ particle is
measured by the Kurama spectrometer. In this presentation, we will discuss the Monte-Carlo simulation results of HypTPC.
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CG-15

2013.04.24-26, 대전컨벤션센터

Development of the Time Projection Chamber for the H-Dibaryon Search (E42) at J-

PARC

, for the E42 collaboration1
,
. 1.
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CG-16

PAD
.
, X-ray
J-PARC

.
, prototype TPC
B-field

ExB

Development of the Hyperon Spectrometer with Time Projection Chamber at J-PARC

NI Andrey,
, IMAI Kenichi1, SAKO Hiroyuki1
Pusan National University. 1JAEA.
A large acceptance hyperon spectrometer with a Time Projection Chamber (TPC) is now under development to search for
the H-dibaryon via (K-, K+) reactions from a diamond target using a high-intensity 1.8 GeV/c K- beams at J-PARC. The
Helmholtz-type magnet provides a 1 T magnetic field strength over a TPC drift volume of 50 cm in diameter and 60 cm in
height with a field uniformity of 1%. The TPC has an octagonal prism form factor. Drifting electrons are multiplied by the
triple GEM foils and read out by anode pads at the bottom of the TPC. To achieve a 1-MeV mass resolution for
the LL invariant mass near LL threshold, one need a spatial resolutions of 300 µm in x-y plane and 600 µm in a drift direction.
Based on full 3D E and B field calculations with a realistic geometry, the expected resolutions will be presented and compared
with the PNU prototype test results.
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CG-17

Photo-neutron production in high-Z targets and Measurement of photo-neutron spectrum
at Pohang Neutron Facility

ZAMAN Muhammad, KIM Guinyun
Kyungpook National University.
The optimization of photo-neutron yield for incident electron beam impinging on high-Z materials of varying thickness have
been done by using Monte Carlo simulation code MCNPX.Spectrum of bremsstrahlung photon per electron, energy spectrum
of photo-neutron and photo-neutrons yield per electron have been calculated. Monte Carlo simulation is also done to optimize
the production of water moderator neutron flux from the photo- reaction of water cooled tantalum (Ta) target by using 100
MeV electron linear accelerator (linac) at Pohang Neutron Facility (PNF), Korea. The optimum conditions were investigated
for the target system and the experimental setup to maximize the thermal neutron production.It is noticed that the photoneutron yield can be maximized by further increasing the thickness of the target. The optimum neutron flux for Accelerator
Driven System, transmutation studies and as high energy neutron source can be obtained by developing a photo-neutron source
based on electron linac and by choosing appropriate electron beam energy and target thickness. Photo-neutron yield for
optimum target thickness and photo-neutron energy spectrum is presented

CG-18

Independent Isomeric Yield Ratio of 143Sm from natSm (γ, xn) reaction at end-point
bremsstrahlung energies of 40, 50 and 60 MeV

TATARI M., YANG S. C.1, NAIK H.2, KIM G. N.1
Faculty of Physics, Shahid Bahonar University of Kerman, Kerman-7616914111, Iran. 1Department of Physics, Kyungpook
National University, Daegu 702-701, Republic of Korea. 2Radiochemistry Division, Bhabha Atomic Research Centre,
Mumbai - 400 085, India.
The independent isomeric yield ratio (IYR) of 143Sm in the 40, 50 and 60 MeV bremsstrahlung induced reaction of natSm has
been determined for the first time by off-line gamma ray spectrometric technique using 100 MeV electron linac at Pohang
Accelerator Laboratory (PAL), Pohang, Korea. The end-point bremsstrahlung energies of 40, 50 and 60 MeV were produced
by impinging electron beam on tungsten metal foil of thickness 0.1 mm and area 10 cmx 10 cm. The production of 143Smm,g
from natSm (γ, xn) reactions takes place from various reaction channels such as 144Sm(γ, n), 147Sm (γ, 4n), 148Sm (γ, 5n),
149Sm (γ, 6n) and 150Sm (γ, 7n) depending on the isotopic composition and reaction threshold. Thus the correction due to the
contribution from the higher reaction channels were taken care by taking the help of TALYS 1.4 computer code to obtain the
absolute IYR of 144Smm,g from 144Sm(γ, n) reaction. The flux-weighted IYR of 143Sm as a function of bremsstrahlung energy
was also calculated theoretically using computer code TALYS 1.4. The corrected experimental IYR of 143Sm obtained in the
present work along with literature data at lower energies are compared with the theoretical value from TALYS and found to be
in general agreement. It was observed that the experimental and theoretical IYR of 143Sm increases with the increase of endpoint bremsstrahlung energy, which shows the effect of excitation energy. It was also seen that the IYR of 143Sm increases
sharply from the reaction threshold value to end-point bremsstrahlung energy of 18 MeV and thereafter increase slowly. This
indicates the role of Giant Dipole Resonance (GDR) besides the effect of excitation energy.

- 54 -

2013 봄 학술논문발표회 및 제89회 정기총회

CG-19

2013.04.24-26, 대전컨벤션센터

Design Of Prototype Minipad Sensors For The PHENIX MPC-EX Detector

KIM E.J., LEE J.H1, PARK J.M.1, PARK K.S.1, HAHN K.I.2, HAN S.Y.2, KIM Y.K.3, JOO K.S.4, JEON S.J.4, MOON H.J.4,
LIM K.S.4, HONG H.S.4, PARK H.M.4, KIM D.S.4, CHAI J.S.5, KWON Y.6, SUE D.G.6
Chonbuk National University. 1ETRI. 2Ewha Womans University. 3Hanyang University, RISP. 4Myongji
University. 5Sungkyunkwan University. 6Yonsei University.
The Muon Piston Calorimeter Extension (MPC-EX), a PHENIX upgrade project, is a Si-W sandwich preshower detector,
which will be installed in front of the existing PHENIX muon piston calorimeter. Korean groups plan to produce Si “minipad”
sensors in the sandwich detector after a sequence of R&D. Prototype Si “minipad” sensors have been designed in collaboration
with Brookhaven national laboratory and Iowa state university. The produced Si “minipad” sensors must satisfy requirements
imposed by the fabrication technology and the signal processing scheme as well as the requirements for physical measurement.
We arranged 128 1.8(mm) x 15(mm) minipads with rounded edges, carefully designed guard rings and a channel stop on the
silicon sensor area of 62(mm) x 62(mm). We will discuss these design issues along with the device simulation.

CG-20

Fabrication of prototype minipad sensors for the PHENIX MPC-EX detector

LIM K.S., JEON S.J., MOON H.J., HONG H.S., PARK H.M., KIM D.S., JOO K.S, KIM E.J.1, LEE J.H.2, PARK S.Y.2,
PARK J.M.2, HAHN K.I.3, HAN S.Y.3, KIM Y.K.4, CHAI J.S.5, KWON Y.6, SUE D.G.6
Myongji University. 1Chonbuk National University. 2ETRI. 3Ewha Womans University. 4Hanyang University,
RISP. 5Sungkyunkwan University. 6Yonsei University.
The Muon Piston Calorimeter Extension (MPC-EX), a PHENIX upgrade project, is a Si-W sandwich preshower detector,
which will be installed in front of the existing PHENIX muon piston calorimeter. Korean groups plan to produce Si “minipad”
sensors in the sandwich detector after a sequence of R&D.Prototype Si “minipad” sensors have been fabricated by ETRI and
have the typical structure of PIN, p+ front side implanted with boron, intrinsic FZ wafer, and n+ back side diffused by POCl3.
We will describe the whole sensor fabrication process as well as brief descriptions on individual steps such as oxidation,
implantation, etching, and diffusion. We will also report on our prototype R&D on whether contact layer creation included in
the typical CMOS process is necessary in our application.
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CG-21

Ambiguity of Final state interaction for neutral-currentneutrino-nucleus scattering in
quasielastic region

KIM Kyungsik
Korea Aerospace University.
We investigate the effect of final state interaction (FSI) on the neutrino (antineutrino)scattering via neutral current from 12C
target in quasielastic region withinthe framework of a relativistic single particle model. Three different descriptionsof the FSI,
which are a relativistic mean field, a complex optical potential, and itsreal potential, are taken into account for two incident
neutrino energies 500 MeVand 1 GeV. The effects of the FSI are studied not only on the cross sections butalso on each
longitudinal, transverse, and transverse interference cross section. Wefound that the FSI description may play a vital role for
the estimation of those crosssections, and the effects on each response cross section may differ from those on thecross section.
However, the asymmetry between neutrino and antineutrino scatteringcross sections turns out to be nearly independent of the
FSI descriptions.

CG-22

Asymmetry in the neutrino and anti-neutrino reactions in anuclear medium

CHOI Kiseok, CHEOUN Myung-Ki, KIM Kyungsik1
Soongsil university. 1Korea Aerospaceuniversity.
We study the effect of the density-dependent axial and vector form factors on the electro-neutrino and anti-neutrino reactions
for a nucleon in nuclear matter or in 12C. The nucleon formfactors in free space are presumed to be modified for a bound
nucleon in a nuclear medium. Weadopt the density-dependent form factors calculated by the quark-meson coupling (QMC)
model,and apply them to the neutrino andantineutrino induced reactions with the initial energy E = 8 ∼ 80 MeV. Wefind that
the total neutrino cross sections on 12C as well as a nucleon in nuclear matter are reduced byabout 5 % at the nuclear
saturation density, 0. This reduction is caused by the modification ofthe nucleon structure in matter. Although the density
effect for both cases is relatively small, itis comparable with the effect of Coulomb distortion on the outgoing lepton in the
neutrino-reaction. Incontrast, the density effect on theantineutrinoe reaction reduces the cross section significantly in both
nuclearmatter and 12C cases, and the amount maximally becomes of about 35 % around 0. Such largeasymmetry in
the neutrino and antineutrinoe cross sections, which seems to be nearly independent of the target,is originated from the
difference in the helicities of antineutrinoe and neutrino. It is expected that the asymmetryinfluences the r-process and also the
neutrino-process nucleosynthesis in core-collapse supernovae.
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CG-23
,

2013.04.24-26, 대전컨벤션센터

Missing Strength In The Nuclear Quasielastic Electron Scattering
1,

,

2

. 1
. 2
.
We calculate the electron scattering cross section off nuclei in the quasielastic region. In this calculation, we use the wave
function of the nuclei obtained with the relativistic Hartree equations in which meson degrees of freedom are incorporated
explicitly up to the nonlinear contributions of sigma self-interaction. This nonlinear contribution to the missing strength of the
response functions in the nuclear quasielastic electron scatterings is discussed.

CG-24

Ab Initio No Core Shell Model For A=8 And 9

SHIN Ik Jae, KIM Youngman, YI Deokhyun1, FORSSEN Christian2, ROTUREAU Jimmy2, MARIS Pieter3, VARY James3
Institute for Basic Science. 1Institute for Basic Science/POSTHEC. 2Chalmers University. 3Iowa State University.
Ab initio no core shell model has been successfully describing various properties of the light nuclei using two- and threenucleon interactions. With this framework, we are studying the light nuclei with A=8,9.We present current status of our work
with touching on future direction.
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CG-25

2013.04.24-26, 대전컨벤션센터

beta-decay half-lives of very neutron-rich isotopes

CHEOUN Myung-Ki, HA Eunja
Soongsil University.
beta-decay half-lives are investigated in very neutron-rich isotopes, 98,
100Kr, 100 ~ 104Sr, 104 ~ 110Zr, and 108~114Mo, within a deformed quasiparticle random phase approximation(DQRPA). The results are
compared with recent measurements at RIKEN.

CG-26

Mass dependent constraints on a long-lived negatively charged massive particle through
effects on big bang nucleosynthesis

KUSAKABE Motohiko, KIM Kyungsik
Korea Aerospace University.
If a long-lived negatively charged massive particle, X-, exists in the epoch of big bang nucleosynthesis (BBN) in the early
universe, it can bind to light nuclei. The X-bound nuclei (X-nuclei) can then experience nuclear reactions. It has been
suggested that 7Li and 6Li abundances possibly change via the reactions, and discrepancies between their abundances
predicted in standard BBN model and those inferred from observations in metal-poor old stars in the Galaxy can be solved. We
calculated the BBN including the effects of X- particle, and show sensitivities of BBN to the form of nuclear charge density
and to the mass of X- particle. We evaluated the effect of X- for three kinds of nuclear charge density, i.e., Gaussian, WoodsSaxon, and homogeneous well types. We found that the resulting 7Li abundance is significantly depends on the shape of
nuclear charge density, and suggest that the charge density is important quantity in estimating the effect of the X- particle on
BBN. We also found that the effect of X- particle depends on the mass of X- particle since a difference in the mass leads to
differences in binding energies of X-nuclei, and the rate and the epoch of recombination of X-nuclei.
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CG-27

2013.04.24-26, 대전컨벤션센터

Fusion of super heavy elements (Z=116 and 118) from Fe+Th and Ni+Th reactions

KIM Kyungil, NASIROV Avazbek1, KIM Youngman
Institute for Basic Science, Daejeon. 1Bogoliubov Laboratory of Theoretical Physics, JINR, Dubna, Russia.
We investigate fusion cross-sections for 58Fe+232Th and 64Ni+232Th reactions at a few MeV/n. At low energies, the heavy-ion
collision can be understood by the hydrodynamical Hamiltonian. Each nucleus is represented by a deformed Fermi liquid-drop.
As the distance between a projectile and a target becomes smaller, nucleons in projetile (target) are excited by potential of
target (projectile). At sufficiently small distance, they are captured by each other and multi-nucleon tranfer reactions may
occur. We simulate these capture processes and obtain fusion barriers for each reaction by calculating nucleus-nucleus
potentials of binary break-up channels. Finally, we discuss the effects of entrance channels and shell structures from the
results.

CG-28(

)

Transport in High Temperature QCD Plasmas

, TEANEY Derek1, CHESLER Paul2
. 1SUNY at Stony Brook. 2MIT.
Transport properties of high temperature QCD plasmas can be described by kinetic theory based on the Boltzmann equation.
At a leading-log approximation, the Boltzmann equation is reformulated as a Fokker-Planck equation. With the Boltzmann
equation, we solve two physical problems. First, we compute the spectral densities of Tμν by perturbing the system with weak
gravitational fields. The spectral densities exhibit a smooth transition from free-streaming quasi-particles to hydrodynamics.
This transition is analyzed with hydrodynamics up to second order. Second, we simulate the wake of a heavy quark moving
through the plasmas. At long distances, the energy density and flux distributions show sound waves and a diffusion wake. The
kinetic theory calculations based on the Boltzmann equation at weak coupling are compared to the strong coupling results
given by the AdS/CFT correspondence.
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CG-29

2013.04.24-26, 대전컨벤션센터

DDsigma coupling constant

.
We investigate the $DD\sigma$ coupling constant, based on the
dispersion relation. Combining the $\pi\pi$ amplitude with the off-mass
shell $D\bar{D}\to \pi\pi$ amplitude, we solve the rescattering qeuation
for $D\bar{D}\toD\bar{D}$ spectral function. Using the dispersion
relation, we determine the $DD\sigma$ coupling. We discuss its cut-off
dependence and the mass of the $\sigma$ meson.

CG-30

The Study on the Early Stage of Heavy Ion Collision

.
One of most exciting researches in nuclear physics in recent year is the Quark-Gluon Plasma. The plasma is believed to form
in central rapidity region after high energy heavy ion collisions in laboratory and the properties of the plasma are being studied
actively at RHIC and LHC. It, however, is very difficult to understand the whole processes from the first principle because of
the nonperturbativity of QCD. We thus focus on the very early stage just after relativistic heavy ion collisions and study the
properties of the partonic system, for example, the number density and energy and rapidity distribution, using a flux tube
model.
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CG-31

2013.04.24-26, 대전컨벤션센터

Contribution from resonance decays to the hadron ratios and pT spectra

CHOI Suk, LEE Kang Seog1
Chonnam Nationla University
. 1Chonnam Nationla University, Department of Physics.
Contribution from the strong decay of the resonances, especially delta particle and the weak decay to the ratios among
various hadrons and hadron transverse momentum spectra is analyzed within a blast-wave model which assumes two freezeouts.

CG-32

Variation in the hadron abundances during the hadronic stage of heavy ion collisions

CHO Sungtae, LEE Su Houng
Yonsei University.
Recently it has been shown that some hadron yields measured in the Large Hadron Collider experiments do not follow the
thermal model predictions. To investigate the origin of such differences, we focus on the variation in the hadron abundances
during the hadronic stage of heavy ion collisions. We show that the abundances for some hadrons may vary significantly from
the initial production yields at the chemical freeze-out.
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CG-33

The Strong Three-body Weak Interaction Contribution in the Nonmesonic Weak Decay of
p-Shell L Hypernuclei
BHANG Hyoung C.

.
The fundamental motivation to study the non-mesonic weak decay (NMWD) of Λ hypernuclei is that it provides the unique
means for the information of the baryon-baryon weak interaction, ΛN->NN. The longstanding puzzle of Γn/Γp has been settled
down in the recent theoretical and experimental developments. We have shown that the reason behind the puzzle were due to
the surprisingly large contribution of the competing three-body, ΛNN→nNN process. We have proposed a novel idea of
renormalized INC method for the disentanglement of FSI and the three-body process. We have successfully applied it to the
NMWD of p-shell nuclei (C and B) to derive its branching ratio, but only with a ~2σ confidence level. The branching ratios of
the three-body NMWD are so large that they are comparable to those of the two-body NMWD, which means that the old
practice to divide Γnm according to Γn/Γp ratio is not justified any more. Therefore the accurate measurement of the three-body
process became a prerequisite for the accurate Γn and Γp. Prospects of more accurate measurement of the decay widths of
NMWD also will be presented.

CG-34
,
Lambda(1405)
Lambda(1405)

Hadronic Structure of the Lambda(1405)
.
J-Lab/CLAS

SPring-8/LEPS
.
J-PARC
, piHypTPC
. Radiative Decay

Lambda(1405)
Lambda(1405)
High-Statistics

.
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CG-35

2013.04.24-26, 대전컨벤션센터

Electroproduction of Lambda(1520)

.
We investigate the electroproduction of Lambda(1520)=Lambda* off
the nucleon target, using the effective Lagrangian method at the treelevel Born approximation with the dominant nucleon-resonance
contribution from D_13(2150). First, we compute the various physical
quantities for the proton target case, such as the total and differential
cross sections, t-momentum transfer distribution, and K- decay-angle
(phi) distribution. It turns out that the D_13(2150) plays an important
role to reproduce the electroproduction data correctly. The numerical
results for the $\phi$ distribution shows obvious different structures
from that for the photoproduction, due to the enhancement of the kaon
exchange by the longitudinal polarization of the virtual photon as
expected. Numerically, we observe that the kaon-exchange contribution
in the t channel becomes about a half of that from the contact-term one that dominates the photoproduction of Lambda*. We
also provide theoretical estimations for the Lambda* electroproduction off the neutron target, showing that its production rate
is saturated almost by the resonance contribution. Finally, the contact-term dominance, which is the key ingredient for the
Lambda*electromagnetic productions, is briefly discussed.

CG-36

phi meson photoproduction with coupled-channel effects

HOSAKA Atsushi2, TITOV Alexander3
. 1
. 2RCNP, Osaka
3
university. JINR, Russia.
We study phi meson photoproduction with various hadronic rescattering
contributions included, in addition to the Pomeron and pseudoscalar
meson-exchange diagrams. We find that the hadronic box diagrams can
explain the recent experimental data in the vicinity of the threshold. In
particular, the bump-like structure at the photon energy 2.3 GeV is well
described by the KLambda(1520) rescattering amplitude in the
intermediate state, which is the dominant contribution among other
hadronic contributions. We also find that the hadronic box diagrams are
consistent with the observed spin-density matrix elements near the
threshold region.
,

1,
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CG-37

2013.04.24-26, 대전컨벤션센터

$\omega$-Nucleon Interation and Nucleon Mass in Dense Baryonic Matter

LEE Hyun Kyu, PAENG Won-Gi, RHO Mannque1, SASAKI Chihiro2
Department of Physics, Hanyang University, Korea. 1Department of
Physics, Hanyang University, Korea and Institute de Physique
Theorique, CEA Saclay, F-91191, Gif-sur Yvette, France. 2Frankfurt
Institute for Advanced Studies, D-60438 Frankfurt am Main, Germany.
The dilaton-limit fixed point and the scaling properties of hadrons in the
close vicinity of the fixed point in dense baryonic matter implied by
hidden local symmetry implemented with spontaneously broken scale
symmetry, in mean field, is shown to reveal a close interplay between
the origin of the bulk of proton mass and the renormalization-group flow
of the $\omega$-nuclear interactions. It is found in one-loop
renormalization-group analysis with the Lagrangian adopted that while
the $\rho$-NN coupling ``runs" in density, the $\omega$-NN coupling
does not scale: it will scale at two-loop or higher-loop order, but at a
slower pace, so we propose that it ``walks." The former implies a drastic change in the nuclear tensor forces, affecting, among
others, the nuclear symmetry energy and the latter generating the stiffness of the EoS at density higher than that of normal
nuclear matter.

CG-38
,

Analysis of the nucleon structure in a pi-rho-omega meson model
,

.
Using the energy momentum tensor form factors of the nucleon, we
study the energy, pressure and angular momentum distributions in the
chiral soliton model with pi-rho-omega mesons.
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CG-39
,

2013.04.24-26, 대전컨벤션센터

Meson Mass Spectra In Various Backgrounds of Holographic QCD models
,

1

. 1
.
We study the heavy quarkonium mass spectra in various backgrounds of AdS/QCD models at zero temperature.We calculate
the potential of c-c bar and b-b bar in a few backgrounds, in which gluon condensate and asymptotic freedom of the boundary
field theory are incorporated, as well as in the pure AdS/QCD background.Using the potentials calculated in each background,
we obtain c-c bar, b-b bar states and compare our results with those from experiments.

CG-40

The Energy-Momentum Tensor Form-Factors of the Pion within the Non-local chiral

quark model
,

,
.
We investigate the energy-momentum tensor form-factors of the pion
within the local and non-local chiral quark model. The energy, pressure
and angular momentum are discussed as well as the normalizations of
the form-factors from the low energy theorem. The pion mass is
calculated beyond the chiral limit.
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CG-41

2013.04.24-26, 대전컨벤션센터

The stability of tetraquark with two heavy antidiquark

.
Using the color-spin interaction Hamiltonian, we search for possible
stable tetraquarks that contain two heavy antiquarks in a antiquark
configuration.There are several kinds of tetraquarks, depending on the
flavor configuration of light diquark in a given two heavy antiquark. It is
found that scalar tetraquark and axial tetraquark in a specific
configuration can be stable. Our work has been performed by means of
group theoretical methods.

CG-42

Chiral Effective Lagrangian From The Instanton Vacuum And The Low-Energy

Constants.
,

.
We present a recent work on the effective chiral Lagrangian to order O(p^4), based on the nonlocal chiral quark model from
the instanton vacuum with SU(3) symmetry breaking. We cumpute the corresponding low-energy constants. The results are in
good agreement with the empirical data. We discuss them in comparison with the empirical data.
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CG-43

2013.04.24-26, 대전컨벤션센터

Nuclear Symmetry Energy from QCD Sum Rules

,
.
We calculate the nucleon self-energies in isospin-asymmetric nuclear
matter using QCD sum rules and find that the scalar (vector) self-energy
part gives a negative (positive) contribution to the nuclear symmetry
energy, which is consistent with the previous mean field theoretical
studies. Moreover, we find that twist-4 matrix elements, which can be
extracted from deep inelastic scattering experiments, give enhancement
of the scalar attraction and vector repulsion. This suggests that the twist4 contribution partly mimics the exchange of the δ meson and can be an
essential part in the origin of the nuclear symmetry energy from QCD.
Our result also extends an early success of QCD sum-rule method in understanding the symmetric nuclear matter in terms
of QCD variables to the asymmetric nuclear matter case.

CG-44
,

Development of a scintillation-fiber detector for dose verification in proton therapy
,

, MULILO Benard,
.
A scintillation-fiber-based detector has been developed for time-dependent dose verification in proton therapy. In order to
achieve the time and position sensitivity required for precision measurement of doses, a prototype detector was constructed
with double-clad 1-mm-thick scintillation fibers and 128-channel photodiodes. The detector was tested with 45-MeV proton
beams provided by the MC50 proton cyclotron at the Korea Institute of Radiological and Medical Science (KIRAMS). The
dose data measured for the proton beams were fairly well agreed with the predictions performed by a GEANT4 simulation.
The quantitative accuracy appearing in the spatial-distribution of doses is on the order of 1%, whose accuracy is satisfactory to
verify beam-induced doses in proton therapy. We expect the detector composed of scintillation fibers and operating in the
charge-integration mode to allow us to perform quality measurement of dynamic therapeutic beams. In this presentation, a
detector system based on Gas Electron Multiplier (GEM) is also discussed for heavy-ion therapy, where the application of the
current scintillation detection would be restricted due to the enhancement of nonlinearity in the scintillation-light yield.
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CG-45

2013.04.24-26, 대전컨벤션센터

Status of PHENIX RPCs at Run 13

,
, FORWARD UPGRADE GROUP1
. 1Brookhaven National Laboratory.
The clarification of the origin of the proton spin is one of the main goals for the Relativistic Heavy Ion Collider (RHIC) at the
Brookhaven National Laboratory (BNL). The primary emphasis of the ongoing Run 13 at RHIC is the single spin asymmetry
measurement by using the longitudinally polarized proton beams. The single spin asymmetry of the parity-violating W
bosons in the collision between the longitudinally polarized proton and non-polarized proton provides unique information
which can be related to the spin structure functions of the flavor-separated quarks and antiquarks. For the efficient and detailed
measurements of the single spin asymmetry of the high-transverse momentum muons decayed from W, the PHENIX
collaboration has upgraded the forward muon detectors including the muon trigger electronics and the resistive plate chamber
(RPC) stations. In particular, the RPCs provide precise timing as well as position information, which help to reject the
background events effectively, and, therefore, improve the signal to background ratio of the desired W events. In this
presentation, we overview the performance of RPCs and the status of the Run 13 for PHENIX.
,

CG-46
,
1,

First pPb Run at LHC and Data Taking by CMS
,

,

,

,

,

,

1

. 1
.
The heavy-ion collisions at colliders are expected to produce the highdensity QCD matter. The heavy-ion data, especially, the hard probes,
from the Large Hadron Collider (LHC) at CERN are consistent with
such an extraordinary matter under the extreme temperature and density.
However, some ambiguities still exist in interpreting the experimental
data because the initial nuclear effect, or the so-called the cold-nucler
matter (CNM) effect, can not be identified and separated with the heavyion data alone. As a result, LHC has run the asymmetric pPb collisions
in January and February, 2013. The beam energy was also asymmetric
as the proton beam was at 4 TeV and the Pb beam was at 1.38 TeV per
nucleon. For about three weeks, the Compact Muon Solenoid (CMS)
collaboration has accumulated the pPb events that amount about 32 inverse nano barns of the integrated luminosity. The data
taking efficiency of CMS was larger than 98%, and all the detector components ran well. The level-1 trigger (L1) rate was
about 30 kHz, the high-level trigger (HLT) rate was about 1.2 kHz, and the total recorded data volume was larger than 300 TB.
The priority analysis topics for the pPb data set include the asymmetric dijet production, the flow and ridge phenomena, and
the quarkonium production. In this presentation, we overview the first pPb run at LHC and the data sample taken by CMS.
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CG-47

2013.04.24-26, 대전컨벤션센터

Measurement of Phi p Scattering Length from Phi Photoproduction Near Threshold

NAKANO Takashi2, FOR the LEPS Collaboration3
, RCNP /
,
. 1
,
2
3
.
, RCNP. ..
Phi(1020)p bound state resonance
Phi(1020)
.
Phi(1020)p hidden-strangessness
.
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1,

CG-48

Development of Aerogel Cherenkov Counters for the Double-Lambda Hypernuclear
Production Experiment (E07) at J-PARC.

,
, NAKAZAWA Kazuma1, IMAI Kenich2, WATABE Toyoki3, TANIDA Kiyoshi4, TAKAHASHI Hitoshi5,
2, KIUCHI Ryuta4,
4
TAKAHASHI Toshiyuki5,
1
2
3
Pusan National University. Gifu University. JAEA. Nagoya University. 4Seoul National University. 5KEK.
The E07 experiment has been proposed to measure high-statistics double lambda hypernuclear events in nuclear emulsion via
(K-,K+) reactions from a diamond target. A large acceptance dipole spectrometer (KURAMA) reconstructs outgoing K+
particles at forward angles. Aerogel Cherenkov detectors identify K- beam and K+ outgoing particles from pions and protons.
The beam aerogel cherenkov detector (BAC) consists of two high-quantum efficiency photomultiplier tube with special
emphasis on light collection structure. The forward aerogel cherenkov detector (FAC) covers a whole area of the entrance
window of the KURAMA spectrometer, and consists of four modules, each having 3-cm thick aerogel radiator and two 2.5-in
fine-mesh photomuliplier tubes at the top and bottom sides. In the meeting, we will report the expected trigger efficiencies for
the BAC and the FAC, based on optical photon tracking for ligh-collection efficiency with realistic detector geometries, as
well as bench test results with two high-quantum efficiency (35% at 400 nm) photomultiplier tubes.
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CG-49

2013.04.24-26, 대전컨벤션센터

Study of the multi-nucleon transfer reactions of 136Xe+198Pt for producing exotic heavy

nuclei

KIM Y. H., WATANABE Y. X.1, HIRAYAMA Y.1, IMAI N.1, ISHIYAMA H.1, JEONG S. C.1, MIYATAKE H.1, OYAIZU
M.1, CLEMENT E.2, DE FRANCE G.2, NAVIN A.2, REJMUND M.2, SCHMITT C.2, POLLAROLO G.3, CORRADI L.4,
FIORETTO E.4, MONTANARI D.5, CHOI S., SONG J., NIIKURA M.6, SUZUKI D.6, NISHIBATA H.7, TAKATSU J.7
Seoul National University, Department of Physics and Astronomy. 1High Energy Accelerator Research Organization (KEK),
IPNS. 2Grand Accelerateur National d'Ions Lourds. 3Universita di Torino and INFN, Department of Physics. 4INFN,
Laboratori Nazionali di Legnaro. 5Universita di Padova, Departmet of Physics. 6Institute de Physique Nucleaire. 7Osaka
University, Department of Physics.
Investigating the ground state properties of exotic neutron-rich nuclei around the mass number of
200 with neutron number of 126, is very important for nuclear astrophysical and nuclear structural reasons.
Multi-nucleon transfer (MNT) in heavy nuclear reaction systems such as 136Xe + 198Pt or 208Pb was proposed
as a possible way for producing such nuclei [1-3]. However, the experimental identification of MNT reaction
channels is not trivial because of their low-energy kinematical characteristics; partial nuclear identification
(e.g. only mass measurement), even for projectile-like fragments (or light reaction partner), has been
reported. Theoretically, there are also difficulties in treatment of the degree of energy dissipation during the
transfer processes and the strength of nucleon pair transfer, which is essential in the estimation of the cross
section with high reliability. Therefore, it is highly desirable to measure the projectile-like and the target-like
fragments (PLFs and TLFs) simultaneously with a better particle identification for more detailed MNT
reaction studies.
We performed an experiment for measuring MNT reaction cross sections in a heavy reaction system
of 136Xe+198Pt at GANIL with a beam energy of 8 MeV/u. The large acceptance spectrometer VAMOS++ [4]
was used for the direct identification of the PLFs. For the simultaneous identification of the TLFs, the Ɣarray EXOGAM [5] was used by measuring their de-excitation Ɣ-rays.
The particle identification of PLFs were successfully carried out, and their cross sections relatively
normalized by the elastic channel were estimated. The proton pick-up channels in the present system were
observed to be highly favored than in light projectile systems [3] as shown in the Figure 1. The analysis for
extracting the absolute cross sections and the transfer probability functions of single and pair nucleon
transfer in quasi-elastic reaction is under progress. The preliminary results will be presented and compared
with the GRAZING model [6] calculation.
Reference
[1]S. C. Jeong et al., KEK Report 2012-2
[2]V. Zagrebaev, and W. Greiner, Phys. Rev. Lett., 122701 (2008) 101
[3]L.Corradi, G.Pollarolo, and S. Szilner, J. Phys. G, 113101 (2009) 36
[4]M. Rejmund et al., NIM A, 646 (2011) 184-191
[5]F. Azaiez, and W. Korten, Nucl. Phys. News, vol 7 (1997) 21.
[6]A. Winther, Nucl. Phys. A 572(1994) 191; A 594(1995) 203.

CG-50
,
1,

Measurement of efficiency using the TnP method in 2013 pPb collisions at CMS.
,
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1,

1,

1,

2

Chonnam National University. 1Korea University. 2University of Illinois at Chicago.
CMS has been collecting single muon triggered data in 2013 at sqrt(sNN)=5.02TeV in pPb and sqrt(s)=2.76TeV in pp, in
order to extract from real data efficiency corrections for moun based analysis. These results were used as an important crosscheck for the Monte-Calrlo based efficiency corrections used for the quarkonia analysis in PbPb and taken into account in the
systematics. This talk will review Tag and Probe technique that is used for the data-drien measurement of muon efficiencies in
on pPb and pp data. Results obtained on data are compared to what is measured on Monte-Carlo.
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CP-01( )

2013.04.24-26, 대전컨벤션센터

Importance of the Tensor Forces in Nuclear Structure

TANIHATA Isao
RCNP, Osaka University, Japan.
Although the importance of the tensor forces have been well known in nuclear interactions though pion exchange, they have
not been explicitly included in the nuclear models such as the shell model and mean filed models However recent studies of
unstable nuclei reveal the importance of the tensor forces for example changes of magic numbers and mixing of s1/2 and p1/2
waves in 11Li neutron halo. I present the necessity of explicit inclusion of the tensor forces for understanding the nuclear
structure in wide range of nuclear chart. New results of the evidence of the tensor forces as high-momentum components
obtained by the recent experiment at Osaka University will also be presented.

CP-02( )

Nuclear Science Opportunity by Using RAON Experimental Systems

KIM Yong-Kyun
Rare Isotope Science Project, Institute for Basic Science.
The Rare Isotope Science Project (RISP) was launched in December 2011 and is in technical design phase to build the RAON
(previously called as KoRIA), which is a next-generation Rare Isotope (RI) beam facility to support researches in various
science fields. Superconducting linear accelerator, which is driver for the IF (in-flight fragmentation) facility, provides various
kinds of beams with uranium accelerated to 200 MeV/nucleon. A 70 kW cyclotron for production of 70MeV, 1mA protons is
the driver for the ISOL (isotope separator on-line) facility. These facilities are to produce high intensity RI beams with high
purity near the neutron-rich drip line. A number of intense RI beams, e.g. about 108 pps for 132Sn in the energy range from 0 to
250 MeV/nucleon, will be provided at the experimental halls.Proposed research program includes studies of the properties of
exotic nuclei, the equation of state of nuclear matter, the origin of the universe and process of nucleosynthesis, and RI beam
applications to . Various research facilities have been designed for the planned research subjects, which are Recoil
Spectrometer, Large Acceptance Spectrometer, Precise Isotope Mass Measurement System with Ion Trap, β-Nuclear Magnetic
Resonance (NMR) facility, Muon Spin Resonance (μSR) facility, and so on. The current status of the RISP will be presented
along with the tentative science goals.
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CP-03( ) Science at the Facility for Rare Isotope Beams
SMITH Michael
Oak Ridge National Laboratory, USA.
The Facility for Rare Isotope Beams (FRIB) is a next-generation radioactive beam facility under construction in the U.S. It
promises to deliver high intensity, low- and high-energy beams of thousands of different neutron- and proton-rich exotic
nuclei. FRIB will use of a novel combination of fragmentation, gas stopping, and re-acceleration to produce these unstable
beams for basic and applied research. The scientific program at FRIB will include: defining the limits of isotopes up to mass
80; studying the evolution of shell structure and the possible appearance of new magic numbers off-stability; probing the
mechanisms of stellar explosions; understanding the cosmic creation of the heavy elements; determining the properties of
dense nuclear matter; testing fundamental symmetries in nuclei; and many more. FRIB will also enable the creation of
"designer nuclei" needed for a wide range of applications including nuclear medicine, environment, energy, and security. An
overview of these plans will be presented, along with a status report on the facility.[*] Research sponsored by the Office of
Nuclear Physics, U.S. Department of Energy.

CP-04( )

First Observation of the 2− State in 16C via One-Neutron Knockout Reaction

SATOU Yoshiteru
Seoul National University, R364n collaboration.
First experimental evidence of the population of the first 2− state in 16C above the neutron threshold is obtained by neutron
knockout from 17C on a hydrogen target. The invariant mass method combined with in-beam-ray detection is used to locate the
state at 5.45 MeV. Comparison of its populating cross section and parallel momentum distribution with an eikonal model
calculation utilizing the shell-model spectroscopic factor confirms the core-neutron removal nature of the state. This implies
that the state at 3.98 MeV with J=2 has a positive parity.

- 72 -

2013 봄 학술논문발표회 및 제89회 정기총회

CP-05( )

2013.04.24-26, 대전컨벤션센터

Recent Progress and Perspectives at RIKEN RI Beam Factory

UESAKA Tomohiro
Recent Progress and Perspectives at RIKEN RI Beam Factory.
Development of radioactive nuclear beams has opened excellent research opportunities in nuclear physics. RI Beam Factory
at RIKEN started, in 2007, providing highly intense RI-beams produced by projectile fragmentation of heavy ion beams and
in-flight fission of uranium. Experiments with the RI-beams have revealed exotic nuclear structure emerging in the region very
far from the beta-stability line, especially regions east to the island of inversion and near ${\rm ^{78}Ni, ^{100, 132}Sn}$.
RIBF has also won access to r-process nuclei.In the talk, I will report progress made in the last couple of years and
perspectives of researches at RIBF.

CP-06( )

Equations of state of nuclear matter by Rare Isotope Accelerator

CHEOUN Myung-Ki, KIM K.S.1, SO W.Y.2
Soongsil. 1KAU. 2Kangwon.
Equation of state (EOS), which is the total energy or pressure in terms of density, is the key question for understanding nuclear
matter. For finite nuclei as well as infinite nuclear matter such as neutrons stars, compositions of matter are characterized by
the EOS. With the recent advent of rare isotope accelerator (RIA), we may extract many informations for the EOS. In this talk,
we discuss how to deduce the symmetry energy, the incompressibility and son on in the EOS. In particular, we focus on the
giant dipole resonance and the pygmy dipole resonance for the low density EOS, and the isospin abundance and the
multiplicity of charged particles in the heavy ion scattering for the high density EOS with the data from the observational data
from the neutron star.
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2013.04.24-26, 대전컨벤션센터

High precision mass measurements and related activities at IMP

HUANG Wenxue
Institute of Modern Physics, ChineseAcademyofSciences,Lanzhou730000,China.
Mass is one of the most fundamental properties that can be obtained about an atomic nucleus. Nowadays, storage ring and
Penning trap have become the two most important facilities to obtain the atomic masses. The storage ring can measure directly
the masses of rare isotopes with very short half-lives produced by projectile-fragmentation. But for the Penning traps, the
beams must be prepared very carefully, and it is necessary to convert radioactive products with high energy and low quality to
radioactive beam with low energy and high quality. In this talk, I will overview the storage rings and Penning traps for mass
measurements, and introduce the related activities at IMP.

CP-08( ) A Gas Jet Target for Astrophysically Important Nuclear Reaction Studies using
Radioactive Ion Beams

CHAE Kyungyuk, GWAK M. S., CHA S. M., JO S. W., LEE C. S.1, MOON J.Y.1, LEE P.S.1, KIM J.W.1, LEE I.M.1, MOON
C.B.2, KWON Y.K.3, KIM Y.K.3, KIM G.D.3, KIM J.Y.3
Physics Department, Sungkyunkwan University. 1Physics Department, Chung-Ang University. 2Hoseo University. 3RISP,
Institute for Basic Science.
With the development of the third generation Radioactive Ion Beam (RIB) facility, RAON, the need for state-of-the-art target
system is more crucial. Many astrophysically important nuclear reaction measurements require rare and exotic nuclei on light
target particles such as hydrogen and helium which are dense, highly localized, and pure. In order to fulfill the requirements,
we are developing a supersonic gas jet target system in collaboration with Jet Experiments in Nuclear Structure and
Astrophysics (JENSA) collaboration in the United States. Motivation, status of the design, and the use of the new target system
will be discussed.
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2013.04.24-26, 대전컨벤션센터

Nuclear astrophysics and structure studies using low-energy RI beams

YAMAGUCHI Hidetoshi
CNS, University of Tokyo, Japan.
CRIB (CNS Radioisotope Beam Separator) is a low-energy RI beam separator operated by CNS, the University of Tokyo,
located at RIBF of RIKEN. Results of recent astrophysical reaction and nuclear structure studies performed at CRIB are
presented.We have been studying nuclear resonances, which may enhance astrophysical reaction rates, via proton or a resonant
scattering with the thick target method in inverse kinematics. Measurements of 7Li/7Be+a resonant elastic scattering have been
performed recently [1,2], and we will mainly discuss on their results. The excitation functions of 7Li/7Be+a around 180o in the
center-of-mass system were successfully measured with the inverse kinematics method. They provided important information
on the a cluster structure in 11B/11Candthereactionrateof7Li(a,g) and 7Be(a,g) at high temperature (T>1GK). The 7Li(a,g)
reaction is relevant to the 11Bproductionintheν-process in core-collapse supernovae. The number ratio of
11B/7Li,mainlydeterminedbythe7Li(a,g) reaction rate, is considered to have a sensitivity on the neutrino mixing parameter,
q13 and the neutrino mass hierarchy[3].The7Be(a,g) reaction is one of the important reactions in the hot pp chain, and a
calculation of the np-process in core-collapse supernovae [4] has shown that the reaction may be responsible for the production
of carbon as much as the triple-alpha process at high temperature. The excitation functions of the 7Li/7Be(a,a') inelastic
scattering and the 7Li/7Be(a,p) reactions were also obtained in the same measurement. Using the experimental data, the
astrophysical reactions were re-evaluated and we also investigated alpha cluster structure in 11B/11C. Another major interest
at CRIB is the direct measurement of (a, p)reactions.Direct measurements have been performed for several (a, p)reactions such
as 11C(a, p), 14O(a, p), 18Ne(a, p), 30S(a, p), and 22Mg(a, p), which may play important roles in the hot pp chain, the hot
CNO cycle, and the ap-process. An active target system using GEM detector (GEM-MSTPC) [5] was built at CNS and used
for some of these measurements, to perform a clear identification of the reaction. The status and results of these studies will
also be presented.

P3-C001

A discussion of the scalar meson $f_0(980)$

LEE Hee-Jung

.
We discuss if the scalar meson $f_0(980)$ can exist as a bound state of the two pseudoscalar $\eta$ mesons within the QCD
sum rule. From the wave functions in the quark model, we construct the interpolating current for $f_0(980)$. Using the
operator product expansion, we obtain the QCD sum rule up to the operators of energy dimension 10.According to our
analysis, it looks difficult to consider $f_0(980)$ as a simple bound state of two $\eta$ mesons.
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P3-C002

Design and fabrication of a prototype monitor chamber used for the beam monitoring at a
radiation generator

LEE Mu-Jin, LEE Man-Woo, KANG Sang-Koo, MOON Young-Min, KIM Hyo-Jin, LIM Heuijin, KANG Yeong-Rok,
YANG Kwang-Mo, JEONG Dong-Hyeok
Dongnam Inst. of Radiological & Medical Sciences, Research center.
The monitor chamber is a monitoring device of X-ray and electron beams in the radiation generator. An ionization current
from a monitor chamber is used to control the beam stability and integrated to determine the total quantity of irradiated beam
during the irradiation. A prototype monitor chamber as a transmission-type plane parallel ionization chamber was designed and
fabricated. The test using a Cobalt-60 research irradiator was performed to examine the characteristics of the monitor. The
monitor chamber will be developed for a radiation therapy unit, an industrial irradiator based on an electron LINAC and so on
(This research was supported by National R&D Program through the DIRAMS (51314-2012)).

P3-C003
,

Effect of the non-locality factor for bound states in 208Pb
1,

1,

2

. 1
. 2
.
208
We describe the bound nucleons for Pb with non-localnuclear potentials by solvingthe integral equation generated from the
Schrodinger equationin momentum space. Binding energies, potentialdepth, diffuseness, radii, and non-local parameter are
obtained by fiiting theexperimental data. The wave functions of the bound nucleons due tothe non-locality are shown to be
repulsive compared with the wavefunctions generated by the local potential.
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Fast Local polarimetry analysis results in PHENIX for run13

KIM Minjung
Seoul National University, Dept. of Physics and Astronomy.
In PHENIX experiment, one of the most important goals is to study proton spin structure through asymmetry measurements of
various production cross sections from=510GeV longitudinal polarized proton-proton collisions. In order to separate
longitudinal and transverse components of proton beam polarization at the collision point in the PHENIX interaction area, a
subsystem called local polarimeter is used. Local polarimeter consists of ZDC(Zero Degree Calorimeter) and SMD(Shower
Maximum Detector). Transverse polarization component is determined by measuring produced neutron asymmetry in the
nearly zero degree region. In this poster, online monitoring analysis through SMD in run13 will be attached.

P3-C005

Feasibility of a Compton Suppression System to Quantify the Pu Content in Spent Nuclear

Fuel

LEE Seung Kyu, SEO hee1, PARK Se Hwan1, SHIN Hee-Sung1, KIM Ho-Dong1, KIM Yong Kyun2
Hanyang University, Department of Nuclear engineering. 1Korea Atomic Energy Research Institute. 2Hanyang University,
Department of Nuclear Engineering.
Quantifying the plutonium content in spent nuclear fuel is necessary in safeguard. The x-ray fluorescence (XRF) technique is
one of the various techniques to quantify the plutonium content in spent nuclear fuel. The XRF technique measures selfinduced x-ray fluorescence from uranium and plutonium, and compares pulse heights of uranium and plutonium peaks to
quantify elemental uranium and plutonium. XRF analysis is based on the fact that the x-ray emitted from an ionized atom has
energies that are characteristic of the element involved. The x-ray intensity is proportional to both the element concentration
and the strength of the ionizing source.Photon measurements of spent nuclear fuel using high resolution spectrometers exhibit
a large background continuum in the low energy x-ray region in large part from Compton scattering of energetic gammas. The
high Compton continuum can make measurements of plutonium x-rays difficult because of the relatively small signal to
background ratio produced. Typically, pressurized water reactor (PWR) spent fuel contains approximately 1 % Pu with the
remainder uranium. In lower burn-up fuels with less plutonium, the signal to background ratio may be too low to get an
accurate plutonium x-ray measurement. To reduce the Compton background, the Compton suppression system was used. The
HPGe main detector and BGO guard detector were used to configure the Compton suppression system. The performance of the
system was evaluated by measuring relevant factor, the suppression ratio and the peak-to-total ratio. Gamma-ray sources 60Co,
137Cs and enriched uranium sample were used in analyzing the system performance. As the results, the peak-to-total ratio was
improved by a factor of about two when the Compton suppression system was used.
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First transport analysis results of KSTAR by using TRANSP

TERZOLO Laurent

,
.
A main research goal of the Korea Superconducting Tokamak Advanced Research (KSTAR) [1] device is to demonstrate the
steady-state operation of high-performance advanced tokamak (AT) modes. In order to maintain long pulse discharges, we
need to understand the plasma comportment. For this, we need to use a transport analysis code. The TRANSP[2] code has been
successfully used with other tokamaks (TFTR, DIIID, Jet, NSTX, …). So, now, we would like to use it to analyze the time
evolution of KSTAR plasma parameters. Since TRANSP is an interpretive code, a lot of input data are necessary. All the data
(scalars or radial profiles) vary along the time; therefore the size of the data can be considerable. The input data follow the
UFILE[3] format. Usually we use a combination of 1D (plasma current, voltage surface) and 2D UFILEs (profiles for electron
and ion temperature, electron density and toroidal velocity). The best way to run TRANSP is by using only experimental data,
but it is not always possible.In this study, we will show how we generate our UFILEs, by using as much experimental data as
possible. For the time being, we can use experimental data obtained from different diagnostic devices installed in KSTAR:
interferometer, reflectometer, Charge Exchange Spectrocopy system, Electron Cyclotron Emission system, X-ray Crystal
Spectrometer and a Thomson Scattering system. Then, we will show some TRANSP results obtained with the UFILEs
generated. [1] G.S. Lee, et al., Nucl. Fusion 41 (2001)[2] http://w3.pppl.gov/~pshare/help/transp.htm[3]
http://w3.pppl.gov/~pshare/help/ufiles.htm
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P3-C009

LYSO

Measurement of Pu/U ratio of the spent fuel using XRF method

PARK Se-Hwan, LEE Seung Kyu, SEO Hee, HAN Bo Young, SHIN Hee-Sung, SONG Dae Yong
Korea Atomic Energy Research Institute.
The quantification of plutonium in the spent fuel is important in the safeguards for the nuclear engineering. X-Ray
Fluorescence(XRF) is one of possible methods for the quantification of Pu to U ratio of the spent fuel. XRF measurements
were made on the PWR spent fuel samples at KAERI. High resolution planar-type germanium detector was installed to
measure the Pu x-ray peak at 103. 7 keV. The Pu x-ray peak could be identified in the spectrum of the PWR spent fuel samples
with burnup range from 30 to 56GWd/MTU. The measured Pu to U ratio was compared with the calculated Pu to U ratios of
the spent fuel sample, which were obtained from the burnup, cooling time, and the depletion code calculation.
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Effects of radiation damage in Silicon photomuleiplier (SiPM) and CMOS

MOON HYEJIN, JEON SANGJUNE, PARK JINHUN, HONG HYUNSEONG, PARK HYEMIN, LIM KISEO, JOO
KOANSIK
.
Detectors used with an intense radiation source require the need to study the damage which has occurred to the detector. The
Silicon Photomultiplier (SiPM) is a multipixel semiconductor photodiode, where the pixels are joint together on common
silicon substrate. SiPM consists of many (103 mm−2) silicon micro pixels, which are independent photon micro-counters
working in limited Geiger mode with a gain of 106. The SiPM output signal is a sum of the signals from a number of pixels
red by photons. The main features of SiPM are: low excess noise factor, the photon detection eciency at the level of vacuum
PMT, low bias voltage. CMOS(complementary metal-oxide semiconductor) imaging sensors are taking the place of CCD in
many applications due to low cost, low power consumption and chances to integrate. We will report on the measurement of
the radiation hardness of silicon photomultiplier (SiPM) and CMOS.
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MRPC Test Result with High-Rate Gammas and Neutrons

MULILO Benard, KIM Hyuncheol, JHANG Genie, LEE Suhyun, LEE Songkyo, JO Mihee, JOO Eunah, LEE Kyong Sei,
SHIN Seung Su, SIM Kwang-Souk, KIM Shin Young, PARK Sungkeun, HONG Byungsik, LEE Kisoo, GO Yeonju
.
We report a detector development of an oiled four-gap phenolic resistive plate chamber (RPC) for use as a high-rate particle
trigger in high-energy physics experiments. In the current R&D, a prototype RPC equipped with four 1-mm thick gaps made
from high-pressure-laminated (HPL) resistive plates has not only been designed but also built. The current R&D aims at
reducing the probability of radiation-induced degradation of the core detector components of the RPCs, the gas gaps, as well as
improving the detection rate capability. The detector characteristics of the four-gap RPC were obtained through a series of tests
with cosmic muons, gamma rays of Cs-137 sources, and proton induced gammas and neutrons were compared with those of a
typical 2-mm thick double-gap RPC currently being used in the CMS experiment at LHC and in the PHENIX experiment at
RHIC.

P3-C013

A study of energy compensation filter for gas detector

PARK JINHUN, SEO JEONGHO1, JEON SANGJUNE, JOO KAONSIK
Department of Physics, MyongJi University. 1Laboratory, CANA incororation.
We are designed energy compensation filter for small radiation instrument.The main ingredients of lead, tin, copper was
used.Active area of the gas detector in such a way that the combination of each material thickness, hole energy
compensation.Simulation results the design of the filter performance, 15% were satisfied.Through filters designed by the
actual production to satisfy 15% of the performance tests, the simulation and experimental results, the same results could be
confirmed.
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P3-C017

thermal quenching

Development of a Compact OSL System

DUK-GEUN Hong, YOUNG-JU Lee
Department of Physics, Kangwon National University.
During recent years, significant developments in optically stimulated luminescence have been made regarding radiation
dosimetry, age determination, and medical applications. A compact and economical OSL system consisting of a precision x-yz stage for loading 12 samples, a small X-ray generator for radiation dosing and light emitting diodes (LED) for optical
stimulation using a liquid light guide was developed. The principal features of the system are described along with examples of
measurements made with the system.
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P3-C018*
HAM Chul Min, SHIN Jae Won1, MIN Kyung Joo, ZHOU yujie, IN Eun jin, HONG Seung-Woo
Department of Energy Science, Sungkyunkwan University, Suwon 440-746, Korea. 1Department of Physics, Sungkyunkwan
University, Suwon 440-746, Korea.
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P3-C019*

Study of heavy quark production at forward-rapidity in Au+Au collisions at sqrt(sNN)

=200 GeV
,

,
,
,
,
.
Heavy quark production in heavy ion collisions is an important probe of the strongly interacting matter produced at RHIC.
PHENIX has the capability to study heavy quark production by measuring single leptons at mid-rapidity(electrons) and
forward-rapidity(muons). PHENIX muon arm is composed of muon tracker(MuTR) and muon identifier(MuID) and its
coverage is 1.2<|eta|<2.2. Single muons from open heavy flavor have been measured in variety of collision systems, p+p,
d+Au, Cu+Cu, and its analysis technique has been well developed. Measurement of single muons in Au+Au collisions is
important probe to explore densest and hottest medium at RHIC as well as to compare with the previous measurement at
PHENIX and even LHC. In this presentation, the detailed analysis method of single muon based on hadron cocktail simulation
will be shown.

- 84 -

2013 봄 학술논문발표회 및 제89회 정기총회

P3-C020*

2013.04.24-26, 대전컨벤션센터

Development of SSD for the Next Experiments at J-PARC

LEE Jaeyong
Department of Phyiscs and Astronomy, Seoul National University.
SSD (Silicon Strip Detector) is mainly operated as a tracking device for charged particles. Since SSD has the highest
resolution among real-time path tracking devices, it has been broadly used for experiments in which particle tracking is
necessary. In addition, SSD shows good performance under high beam intensity. Therefore, we installed two SSDs for E10
experiment (Production of Neutron-Rich Λ-Hypernuclei with the Double Charge-Exchange Reaction) at J-PARC hadron hall
in Dec 2012 and Jan 2013. According to the result from the E10 experiment, we found that SSD performed very well. For the
following two experiments (E03, E07) at J-PARC hadron hall K1.8 beam line, we also plan to use SSD. So, we are now
developing SSD for the purpose of these two experiments. The performance of SSD for the E10 experiment and the status of
the SSD development for the next experiments will be presented in 2013 Spring KPS Meeting.

P3-C021*
MIN Kyungjoo, HONG Seung-Woo1, PARK Tea Sun2
Department of Energy Science, Sungkyunkwan University. 1Department of Physics and Department of Energy Science,
Sungkyunkwan University. 2Department of Physics, Sungkyunkwan University.
,
,
.
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7Li/H=(1~2)×10-10
1000
.1,2
,
.3
4,5
, 6Li 7Li
. [1]A. Cuoco, F. Iocco, G. Mangano, G. Miele, O. Pisanti and P. D. Serpico, Present
status of primordial nucleosynthesis after WMAP: results from a new BBN code, Int. J. Mod. Phys. A 19 (2004) 4431 [2]D. L.
Lambert, Lithium in Very Metal-poor Dwarf Stars - Problems forStandard Big Bang Nucleosynthesis?, AIP Conf. Proc. 743
(2005)[3]Ming-ming Kang,a Yang Hu,b Hong-bo Hua and Shou-hua Zhu, Cosmic rays during BBN as origin of Lithium
problem, Journal of Cosmology and Astroparticle Physicsl, Vol 2012 (2012) [4]R.V. Wagoner, W.A. Fowler and F. Hoyle, On
the synthesis of elements at very high temperatures, Astrophys. J. 148 (1967)[5]L. Kawano, Let's go: Early universe. 2.
Primordial nucleosynthesis: the computer way, FERMILAB-PUB-92-004-A
3~5

, 6Li

, 7Li
6Li/H≈6×10-12

- 85 -

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

P3-C022*
,
,

.
.

,

(

)

.

,

,

.
.
,
,

.

P3-C023*

Invariant mass spectroscopy of 17C via the one-neutron knockout reaction on 18C

KIM Sunji, SATOU Y., HWANG J. W., NAKAMURA T.1, ISOBE T.2, INABE N.2, OTSU H.2, KAMEDA D.2, KANNO
D.1, KUBO T.2, KOBAYASHI T.3, KOBAYASHI N.1, KONDO Y.1, SATO H.2, SHIMIZU Y.2, SUZUKI H.2, TAKAHASHI
K.3, TAKEUCHI S.2, TAKEDA H.2, TANAKA R.1, OGOSHI S.1, TOGANO Y.1, NAKASHIMA T.1, NAKATSUKA N.4,
NISHI S.1, FUKUDA N.2, BABA H.2, MINAKATA R.1, MUTO K.3, MURAI D.5, MURAKAMI T.4, MOTOBAYASHI T.2,
YONEDA K.2, ACHOURI N. L.6, TUFF A. G.7, AUMANN T.8, DELAUNAY F.6, GIBELIN J.6, LEE J.2, MARQUES M.6,
NAVIN A.9, ORR N. A.6, DOORNENBAL P.2, LEBLOND S.6, VANDEBROUCK M.6
Seoul National University. 1TITech. 2RIKEN Nishina Center. 3Tohoku University. 4Kyoto University. 5Rikkyo
University. 6LPC-ENSICAEN. 7University of York. 8GSI. 9GANIL.
We are studying the lowest-lying negative parity states of 17C through the C(18C,17C*→16C+n) one-neutron knockout
reaction channel, using a part of the data acquired by the SAMURAI (Superconducting Analyzer for MUlti-particle from
RAdioIsotope Beams) DAY-ONE experiment in RIKEN. The energy spectrum of the 17C nucleus is constructed by the
invariant mass method. The lowest-lying negative parity state in 17C is predicted to be at an excitation energy of 0.783 MeV
with J π = 1/2- by the shell model, while experimentally there exists an indication of several negative parity states (but with no
definite spin-parity assignments) from a β-decay study of 17C (G. Raimann et al., Phys. Rev. C 53, 453 (1996)) in which the
lowest one is at 1.18 MeV. In the neighboring 16C nucleus, in contrast, the lowest-lying negative parity state is predicted to
appear at Ex = 5.257 MeV (shell-model value) much higher in energy than for 17C. Since an appearance of negative-parity
states at a low excitation energy region as intruder states provides evidence for shell-gap quenching and/or large nuclear
deformation, it is interesting to add further spectroscopic information experimentally on these states in 17C and to elucidate the
deformation property of neutron rich carbon isotopes.
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Determination of absorbed dose conversion factor for a glass dosimeter in the Co-60 beam

MOON Young Min, KANG Yeong-Rok, LIM Heui jin, LEE Man Woo,
JEONG Dong Hyeok, KIM Jeung Kee, RO Tea-Ik1
Research center, Dongnam Inst. of Radiological & Medical
Sciences. 1Department of Physics, Dong-A University..
A glass dosimeter is solid type detector to measure absorbed dose to
material. However the reader is usually calibrated by air kerma. To
measure absorbed dose, CF (conversion factor) for air kerma to
absorbed dose should be determined. Theoretically when the glass
dosimeter is located at the depth in water, the absorbed dose to water is
calculated by Dwater = Kair (1-g) (μen/ρ)w,air A and CF was defined as (1g) (μen/ρ)w,air A. In this study, CF was determined by geant4 simulation
and previous study results. Using these methods the absorbed dose to
water for cobalt-60 beam was measured by glass dosimeter(GD302M).
For comparison measurement, absorbed dose versus irradiation time was evaluated by glass dosimeter and farmer chamber.
(This research was supported by National R&D Program through the DIRAMS (50497-2013)).

P3-C025*

Estimation of the Electron Yield from Charm Hadron Decays Measured with ALICE for
pp and Pb-Pb Collisions
,
.
D meson production cross sections were measured with ALICE for pp and Pb-Pb collisions. We take the measured yield of
charm hadrons in the specific transverse momentum bin, and produce the transverse momentum spectra of electrons using the
PYTHIA decay kinematics. Each contribution is normalized according to the measured charm hadron cross section in that
transverse momentum bin, and the branching ratio to semi-leptonic decays. The total electron transverse momentum cross
sections from charm hadron decays is obtained by summing up the electron contributions from all transverse momentum bins
of all charm hadrons. We present the status and outlook of this analysis.
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Czochralski growth and characterization of lithium fluoride crystals

KIM H. J., KHAN Sajid, KIM Y. H.1
Kyungpook National University, Department of Physics. 1Korea Research Institute of Standards and Science.
Transparent and crack free crystals of LiF, LiF: Pb and LiF: Tl were successfully grown by using Czochralski method.
Crystal growth parameters like rotation rate, working temperature and pulling rate were optimized. The grown crystals were
characterized and compared for X- ray and laser luminescence in order to study the effect of dopants upon optical properties of
these crystals. Scintillation properties such as light output and decay time are investigated. Temperature dependence of
scintillation properties with radioactive sources and laser of UV wavelength in the range of 10 K to 300 K are also studied.
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P3-C029*

Crystal Growth and Scintillation Properties of Li6Lu(BO3)3:Ce+3

KIM H. J., ULLAH Fawad, PARK H, KIM Sunghwan1, CHEON Jong Kyu2
Department of Physics, Kyungpook National University. 1Department of Radiological Science, Cheongju
University. 2Department of Radiation, Sorabol College.
Lithium lutetium borate (Li6Lu(BO3)3:Ce+3) has good detection efficiency for radiation and it could be a promising candidate

for X-ray imaging in medical field. Furthermore the presence of 6Li and 10B could make Li6Lu(BO3)3: Ce+3 as a good
candidate for neutron detector This material has got the advantage of high effective atomic number and high molecular weight
(M.Wt=393 g/mol) over the other materials..Li6Lu(BO3)3:Ce+3 powder was synthesized by solid state reaction method. High
quality crystals were grown by Czochralski method and difficulties faced during growth such as cracks, non-transparency are
also addressed. The grown crystals were characterized for numerous properties including scintillation properties such as X-ray
diffraction, X-ray luminescence, laser luminescence, energy resolution and decay time
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Synthesis and Luminescence Characterization of Gd3Ga2Al3O12: Ce3+, Eu3+ Phosphors for X-ray Imaging

OH Myeongjin, KIM H.J1, KIM Sunghwan2, LEE Wongun3, KIM Heunduk3
Department of Physics, Kyungpook National University, Department of Radiology, Daegu Heath Colleage. 1Department of
Physics, Kyungpook National University. 2Department of Radiological Science, Cheongju University. 3TPS inc.,.
We fabricated Eu3+ or Ce3+ doped Gd3Ga2Al3O12 (GGAG) by solid state reaction with Gd2O3, Al2O3, Ga2O3, CeO2 and Eu2O3 powders. The mixture was fired
at 1500 ℃ for 5 h by a horizontal electric furnace in air atmosphere. We studied the luminescence properties by using an UV and X-ray generator. In addition, X-ray
diffraction (XRD), field emission scanning electron microscope (FE-SEM) and decay time were measured. The energy states of Ce3+ and Eu3+ ions are located in
forbidden band which is between valence and conduction band. Ce3+ or Eu3+ doped GGAG phosphor shows the strong luminescence by 4f 5d transition. Therefore
GGAG: Eu3+ or Ce3+ phosphors are good candidates for X-ray imaging because of its high light yield.
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Measurement of energy spectrum for X-rays from the micro-CT using a CdTe detector

KIM Hyo Jin, RO Tae-IK, KANG Yeong-Rok1, LEE Man Woo1, JEONG Dong-Hyeok1, KIM Jeung-Kee1, KANG SangKoo1, LIM Heuijin1
Dong-A University,Department of Physics. 1Research center, Dongnam Inst. of Radiological & Medical Sciences.
An X-ray energy spectrum is an essential factor which shows the dosimetric characteristics. In this study, a CdTe detector is
used to measure the energy spectrum of X-rays from a micro-CT scanning for small animal examination. The semiconductor
detector with the CdTe crystal of 5×5×1 mm3 has a thin beryllium window for low energy X-ray. The energy linearity and
resolution of CdTe detector has been calculated using the spectra of several radioisotopes (55Fe, 241Am, 129I, 137Cs, 109Cd,
57Co,152Eu). The analyzed spectrum will be used for the dose evaluations of the micro-CT. (This research was supported by
National R&D Program through the DIRAMS (50491-2013))
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P3-C034*

Luminescence Property of Gadolinium-Calcium-Silicoborate Glasses with Different Doping
Agent Concentration

PARK J. M., KIM H. J., PARK H., KAEWJEANG S.1, MAGHANEMI U.1, KAEWKHAO J.2
Deapartment of Physics, Kyungpook National Univ.. 1Department of Radiologic Technology, Faculty of Associated Medical
Sciences, Chiang Mai University, Chiang Mai, 50200, Thailand. 2Center of Excellence in Glass Technology and Materials
Science (CEGM), Nakhon Pathom Rajabhat University, Nakhon Pathom, Thailand, 73000.
Heavy glass scintillator has good radiation hardness and low cost. So, it can be applied in high energy and nuclear physics,
homeland security, radiation detection and medical imaging. The Glass in formula 25Gd2O3 : 10CaO : 10SiO2 : (55-x)B2O3
have been fabricated and doped with Nd, Er, Dy, Sm and Ce in difference dopant concentration by melt-quenching technique.
The x-ray and photo luminescence of glass were measured and showed that Dy, Nd, Sm and Ce doped glass scintillators emit a
luminescence. The emission peaks of Dy doped glass were 480 nm (4F9/2→6H15/2), 575 nm (4F9/2→6H13/2), 663 nm

(4F9/2→6H11/2), 754 nm (4F9/2→6H9/2+6F11/2) and 841 nm (4F9/2→6H7/2 + 6F9/2), Nd doped glass was 894 nm (4F3/2→4I9/2), Sm
doped glass was 564 nm (4G5/2→6H5/2), 602 nm (4G5/2→6H7/2), 648 nm (4G5/2→6H9/2) and 708 nm (4G5/2→6H11/2), Ce doped
glass was 420 nm (4f→5d), respectively. Also pulse height distribution of Ce doped glass for different Al degrader thickness
(0 ~ 3.5 mm) was measured using proton beam.

P3-C035*

A study of multi-layer film reflector for scintillation crystal arrays

JEON Sang June, KIM Myongsub1, YOO Wonsik1, KIM Dongwan2, BEACK Seung Hwa2, JOO Koan Sik
Department of Physics, Myongji University. 1Advanced Microwave Technology. 2Department of information and
communication engineering, Myongji University.
In order to achieve high spatial resolution in gamma ray imaging devices, small pixel size of scintillation crystal arrays and
thin reflectors are required.We have developed scintillator arrays that consists 57-layer Ta2O5/SiO2 reflector. Ta2O5 and SiO2
thin films were depositied on the LYSO crystal by RF sputtering machine.The LYSO scintillator crystals has an emission
spectrum that normally 380~600nm. The thickness of Ta2O5/SiO2 was calculated using the Essential Macleod for LYSO
spectral range.The reflector has a thickness of about 4.5 , and a measured reflectance of up to 96%.
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Spin Transistor: A Step Toward Semiconductor Spintronic Device

PARK Byong-Guk
Material Science and Engineering, KAIST.
The discovery of the GMR effect made a huge impact on the storage industry, and also more importantly, triggered new
electronics, so-called spintronics. Utilizing electron’s spin degree of freedom as well as making use of their charge states opens
the possibility of developing devices that could be smaller, consume less power, and have multi-functionalities. Even though
there have been many successes in metal-based spintronic devices such as HDD read heads, sensors and magnetic memories, the
semiconductor spintronic device which has multi-functions containing magnetic storage and semiconductor properties has yet to
be developed. Spin transistors and spin Hall effects have been two separate leading directions of research in the semiconductor
spintronics. By combining those two directions, we have realized spin transistor in which all three components of spin transistor
to be performed within an all-semiconductor structure. The transport of the optically injected spin-polarized carriers in 2
dimensional electron gas channel was studied by measuring transverse spin Hall voltage. We observed the precession of the
spin-polarized electrons along the semiconductor channel up to tens of microns with a period of an order of micron. The
precession of spin orientation is controlled by external gate electrodes, which allows the spin transistor to be realized. We also
demonstrate a spin AND logic function using the spin transistor with two gates.

DF-02

Nano-patterning of complex structures by low-energy proton irradiation

KIM Sanghoon, LEE Soogil, KO Jungho, SON Jangyup, KIM Minseok, HONG* Jongill
Materials Science and Engineering, Yonsei University, Seoul 120-749, Korea.
High-energy ion irradiation has been used to fabricate magnetic pattern arrays having perpendicular magnetic anisotropy
(PMA) on a nanometer scale [1]. The arrays can be simply made without conventional processes, such as etching, filling or
planarization of the surface. Therefore, such a unique patterning method can provide more flexibility and advantages to make
nano devices than the conventional one. However, high-energy ion bombardment (10s~100s keV) with heavy ions (Ga, Kr, Xe,
etc.) has unfortunately no choice but to cause unavoidable side effects like surface etching and additional defects because highly
energetic heavy ions have to destroy surface or interface structures to generate magnetic patterns. Moreover, the method has not
been widely applicable due to device malfunctions originated from the exchange interaction between magnetic patterns through
un-patterned regions. In this presentation, we demonstrate that the proton irradiation with low energy successfully generates
magnetic patterns on a nanometer scale without noticeable side effects by reduction of an oxidic paramagnetic Co3O4/Pd
superlattice, which is clearly distinct from other irradiation techniques [2]. The patterning is possible because oxygen atoms in
the superlattice can be selectively removed by the control of an energy and dose of highly reactive protons. As a result, the
oxidic paramagnetic phase of the superlattice is transformed into the metallic ferromagnetic phase. We also prove by created
strong PMA in the reduced superlattice that our proton irradiation does neither create any noticeable defects nor suffer from
exchange interaction between patterns. We strongly believe that our proton irradiation method will open a new way to design,
explore and investigate innovative nano devices in various applications. References[1] C. Chappert et al. Science 280, 1919
(1998)[2] S. Kim et al. Nature Nanotech. 7, 567 (2012)
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Magnetization dynamics induced by spin-orbit spin transfer torque
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DF-04

Chameleon processor: non-volatile reprogrammable logic device

JOO Sungjung, KIM Taeyueb, SHIN Sang Hoon1, LIM Ju Young1, HONG Jinki, SONG Jin Dong2, CHANG Joonyeon3, LEE
Hyun-Woo4, RHIE Kungwon, HAN Suk Hee3, SHIN Kyung-Ho3, JOHNSON Mark5
Department of Display and Semiconductor Physics, Korea University, Sejong 339-700, South Korea. 1Nano Photonics
Research Center, KIST, Seoul 130-650, South Korea. 2Nano Photonics Research Center, KIST, Seoul 130-650, South
Korea.. 3Spin Convergence Research Center, KIST, Seoul 130-650, South Korea. 4Department of Physics, Pohang University
of Science and Technology, Pohang 790-784, South Korea. 5Naval Research Laboratory, Washington DC 20375, USA.
Conventional transistors rely on the controlled motion of electronic charge and are the basic building blocks of modern
computers. Recently, new type of transistor has been proposed in which electric switching function is manipulated by
magnetism instead of electricity. Chameleon processor is a logic device based on this magnetic switch, promising increasing
computational efficiency while decreasing consumed power. It can offer zero quiescent power and yet combine novel functions
such as programmable logic operation and non-volatile built-in memory.In this talk, we will present a basic study about
chameleon processor[1]. The proposed magnetic switches are highly sensitive to both the sign and the magnitude of a magnetic
field, providing a reversible change between two different conduction states by magnetic field. In circuits composed of these
switches, logical operations are programmed dynamically by magnetic signals, showing magnetic-field-controlled
semiconductor reconfigurable logic at room temperature. This magnetic technology permits a simple and compact platform for
chameleon processors. [1] S. Joo, et al. Nature 494, 72 (2013).
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Some Strange Behaviors Of Photons In A Bounded Space

CHOUGH Young-tak
/
.
This talk will introduce a cavity-QED theoretical method of creating a highly nonclassical radiation field of an arbitrarily large
mean photon number and extremely narrow (i.e., sub-Poissonian) photon number distribution, emitted from an optical cavity in
a CW form. The physical system is the so called atomic beam pumped microlaser (or micromaser), that is, a high finesse optial
cavity pumped by a thermal (hence, Poissonian) beam of two-state atoms launched into the cavity initially prepared in the
excited state. We find that the Mandel-Q parameter of the cavity field so constructed varies sort of periodically as the atomic
beam flux increases, at times going down to as low as Q = -0.6. We also find that the fluctuation of the cavity emission rate is
almost precisely synchronized with that of the intracavity photon number. So we feed the information we obtain from the cavity
emission back to the atomic beam flux in the fashion that, when the emission rate spikes over a certain level, the atomic flux is
immediately shut off and when the cavity emission jumps down to a certain level, the atomic flux is quickly raised to a certain
level. As a result we obtain a cavity field whose Mandel-Q is almost constantly kept even lower than -0.9 while the output
photons emitted in a continuous-wave form from the cavity clearly reveals the phenomenon of photon anti-bunching.

DF-06

Superconducting Circuits for Quantum Computation and Beyond

NATION PAUL
,
.
With the introduction of the circuit-QED architecture, superconducting circuit devices have become ubiquitous in the field of
quantum computation. The ability to simultaneously achieve strong coupling, large nonlinearities, and modest coherence times
in a scalable architecture has placed these devices at the forefront of the hunt for a viable quantum computer. Yet at the same
time, the ability to engineer these quantum devices has opened the door to the exploration of fundamental quantum mechanical
phenomena such as vacuum photon production and nonclassical states of macroscopic mechanical elements. In this talk we will
explore the use of circuit-QED to explore these fundamental effects, and will take a closer look as to how one can effective
simulate the dynamics of these systems in absence of a quantum computer.
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Quantum Information Processing in Microwave Circuit QED

MOON Kyungsun
Dept. of Physics, Yonsei University.
I will give a review on the recent progress in microwave circuit QED system as one of the promising solid-state based
architecture to realize quantum computing. The circuit QED system consists of a Cooper pair box qubit located inside a high Q
coplanar waveguide resonator, which has experimentally demonstrated a strong coupling between qubit and a single photon.
This has made possible the coherent control of a qubit by a single photon, which is utilized for quantum computing.
Remarkably, the strong coupling can also make the unexplored regime of quantum optics readily accessible. We demonstrate
that the coherent coupling of two cavity photon modes by a qubit can generate a squeezed state of light. *This research was
supported by Basic Science Research Program through the Na- tional Research Foundation of Korea(NRF) funded by the
Ministry of Education, Science and Technology(2012R1A1A2006927).

DF-08

Characterization of a Josephson junction Qubit coupled to superconducting microwave

resonator

CHO Sung Un, BAE Myung-Ho, KIM Nam
Korea Research Institute of Standards and Science, Daejeon 305-340,
Republic of Korea.
Superconducting devices based on Josephson junction can be defined as a
quantum two-level system, qubit. Its high sensitivity to external
parameter and adjustability of the energy level offer a playground for
quantum optics experiments on a chip.
We have realized the integrated circuit quantum electrodynamics (cQED)
system composed of superconducting coplanar waveguide (CPW)
resonator with bare resonance frequency f0 = 5.05 GHz and quality factor
Q ~ 1,000 and Josephson charge-based qubit, Transmon [1]. We have
modulated the qubit excitation energy level by varying external magnetic
field so that when the transition frequency are tuned to the resonance
frequency of CPW resonator, vacuum Rabi mode splitting and its photon number dependency are observed. Further, we have
confirmed with dispersive measurement that the population probability of finding the qubit in the excitation level is sinusoidal
as a function of the application time of the excitation frequency.
[1] Jens Koch et al., "Charge-insensitive qubit design derived from the Cooper pair box ", Phys. Rev. A 76, 042319 (2007). J.
M. Fink et al., "Climbing the Jaynes-Cummings ladder and observing its n0.5 nonlinearity in a cavity QED system", Nature
454, 315 (2008).
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Giant Tunability of Ferroelectric Polarization in Multiferroic GdMn2O5

CHOI Young Jai, LEE Nara, VECCHINI Carlo1, CHAPON L. C.2,
BOMBARDI A.1, RAEDAELLI P. G.3, CHEONG Sang-Wook4
Yonsei University. 1Diamond Light Source Ltd, UK. 2ISIS Facility,
Rutherford Appleton Laboratory, UK. 3University of Oxford. 4Rutgers
University.
Here we discover giant tunability of ferroelectric polarization (P=5000
C/m2) in the multiferroic GdMn2O5 with external magnetic fields. The
detailed magnetic model from x-ray magnetic scattering results indicates
that the Gd-Mn symmetric exchange striction plays a major role in the
tunable ferroelectricity of GdMn2O5, which is in distinction from other
compounds of the same family. Thus, the highly isotropic nature of Gd
spins plays a key role in the giant magnetoelectric coupling in GdMn2O5. This finding provides a new handle in achieving
enhanced magnetoelectric functionality.

DF-10

Long Range Order Beyond Vortices In h-REMnO3

CHAE Seung Chul, LEE Nara1, HORIBE Yoichi2, CHEONG SangWook2
Center for Functional Interfaces of Correlated Electron Systems, Institute
for Basic Science, and Department of Physics & Astronomy, Seoul
National University.. 1Department of Physics, Yonsei
University. 2Department of Physics and Astronomy, Rutgers University.
Fascinating vortices were discovered in ferroelectric domain patterns in
hexagonal (h)-YMnO3. One of the important ingredients for these vortex
domain patterns is mutual interlocking of ferroelectric and structural
antiphase domain walls. In contrast to expected vortex domain patterns,
we have found intriguing stripe domain patterns in other hREMnO3 (RE=Ho, - - -, Lu). These stripe domain patterns appear to
indicate the presence of long-range-ordered state as the true ground state
in h-REMnO3 (RE=rare earths). On the other hand, vortex domain
patterns suggest the presence of a Kosterlitz-Thouless-like transition. We
argue that this significant difference stems from very slow kinetics
associated the ordering of six possible degrees of freedom.
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Neutron scattering studies of single crystal bismuth ferrite

SEONGSU Lee
KAERI.
Ferroelectricity and magnetism coexist in multiferroics. These materials have attracted significant attention recently because of
an intriguing possibility of control of their magnetic properties with an electric field and vice versa, leading to the discovery of
new physical phenomena. Among these materials, BiFeO3 (BFO) is debatably the most extensively studied multiferroic due to
its large polarization and spin ordering at room temperature. Multiferroics provide opportunities for devices with unique
functionalities utilizing the coupling between different order parameters. Coupling mechanism studies under an external electric
field or external magnetic field is one of the most important researches of this material. Main studies of BFO have studied
mainly thin-film form because suitable single crystals were unavailable. Unfortunately, BFO thin films exhibit poor crystallinity
and are influenced by substrate strain. Now, our studies of single crystals with neutron scattering are required to uncover
intrinsic properties of this unique material. This is direct relevance for thin films whose properties are strongly affected by
extrinsic strain. In addition, demonstration of electric field induced changes in the magnetic structure by direct methods neutron
scattering until now was lacking for BFO. In this talk, I will focus on the studies about a magnetic structure change under
external electric field [1], local weak ferromagnetism study using neutron scattering [2] and spin structure change of x-tal BFO
under flux high magnetic field [3]. [1] Seongsu Lee et al. APPLIED PHYSICS LETTERS 92, 192906 (2008)[2] M.
Ramazanoglu et al. PRL 107, 207206 (2011)[3] Kenji OHOYAMA et al. Journal of the Physical Society of Japan 80, 125001
(2011)

DF-12

Development and Applications of a Single Crystal Neutron Diffractometer based on a
Large Area, Curved Position-Sensitive Detector
LEE Chang-Hee, NODA Yukio1, KIM Shin-Ae, MOON Myungkook, ISHIKAWA Yoshihisa2, KIMURA Hiroyuki1,
WATANABE Masashi1
NSD, KAERI. 1IMRAM, Tohoku University. 2IMSS, KEK.
A new single crystal neutron diffractometer based on a large area, curved position-sensitive detector (C-2DPSD) has been
developed through the collaboration between Tohoku University-Japan and HANARO Center-Korea, and now the
diffractometer is ready for everyday use and about on an instrument milestone of launching for users. The commissioning was
finished together with sample environments, the measurement methodology and raw data processing software package, the
Reciprocal Analyzer. The commissioning incorporated the corrections and calibration of the instrument parameters by using
NaCl single crystal and various applications such as crystallographic and magnetic structure measurements, large single
crystals’ crystallinity check, and composition or dopant contents of diverse compounds, and large range of reciprocal space
search, large unit cell structure studies, and so on. The C-2DPSD has a delay-line readout method for position decoding with an
effective covering angular range of 110°×54° in 2-theta and Chi directions, respectively, with a nominal radius of curvature, 530
mm. The diffractometer is equipped with a Ge(311) mosaic monochromator and two super-mirror vacuum guide paths both
before and after the monochromator position. We report the diffractometer installation, measurement method, calibration
procedure and its result, raw data treatment and visualization and several applications using the large C-2DPSD based
diffractometer.
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DF-13

Synchrotron radiation-based far-infrared Mueller matrix spectroscopic ellipsometry for
magnetoelectric effect

KANG Tae Dong, STANISLAVCHUK T. N.1, STANDARD E. C.1,
BASISTYY R.1, CARR G. L.2, KOTELYANSKII M.3, SIRENKO A. A.1
Center for Functional Interfaces of Correlated Electron Systems, Institute
for Basic Science, and Department of Physics & Astronomy, Seoul
National University. 1Department of Physics, New Jersey Institute of
Technology, Newark, New Jersey, USA. 2National Synchrotron Light
Source, Brookhaven National Laboratory, Upton, New York,
USA. 3Rudolph Technologies Inc., Flanders, New Jersey, USA.
Optical phenomena of magnetoelectric (ME) effect are usually expected
to occur in the far-Infrared (far-IR) spectral range, where elementary
excitations, such as optical phonons, magnons, electromagnons, and
crystal field transitions are dominant. For the light propagation analysis in
the far-IR spectral range, not only dielectric permittivity, but also magnetic permeability and ME tensors should be considered.
We demonstrate that these phenomena can be studied using Mueller matrix spectroscopic ellipsometry (MM-SE) which has
been designed, developed, and installed at the National Synchrotron Light Source, Brookhaven National Laboratory (NSLSBNL). Application for ME, multiferroic, and ferrimagnetic materials with μ≠1 is illustrated with several experimental examples
for TbMnO3 and Dy3Fe5O12 single crystals.

DF-14

Reliable polarization switching of BiFeO3

BAEK Seung-Hyub
Korea Institute of Science and Technology.
As a room temperature multi-ferroic with coexisting anti-ferromagnetic, ferroelectric and ferroelastic orders, BiFeO3 has been
extensively studied to realize magnetoelectric devices that enable manipulation of magnetic ordering by an electric field.
Moreover, BiFeO3 is a promising candidate for ferroelectric memory devices because it has the largest remanent polarization

(Pr>100 μC/cm2) of all ferroelectric materials. For these applications, controlling polarization switching by an electric field
plays a crucial role. However, BiFeO3 has a complex switching behaviour owing to the rhombohedral symmetry: ferroelastic
(71°, 109°) and ferroelectric (180°) switching. Furthermore, the polarization is switched through a multi-step process: 180°
switching occurs through three sequential 71° switching steps. By using monodomain BiFeO3 thin-film heterostructures, we
correlated such multi-step switching to the macroscopically observed reliability issues of potential devices such as retention and
fatigue. We overcame the retention problem (i.e. elastic back-switching of the 71° switched area) using monodomain BiFeO3
islands. Furthermore, we suppressed the fatigue problem of 180° switching, i.e. loss of switchable polarization with switching
cycles, using a single 71° switching path. Our results provide a framework for exploring a route to reliably control multipleorder parameters coupled to ferroelastic order in other rhombohedral and lower-symmetry materials.
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Anisotropic photocurrent enhancement at the mixed phase boundary in BiFeO3 thin films

CHU Kanghyun, WOO Chang-Su, KIM Seung Jin, LIM Ji Soo, JI HO Sung1, SHIN Yoon Ah2, SONG Kyung2, LEE Eui-Sup3,
KIM Yong-Hyun3, JO Moon-Ho4, OH Sang Ho2, YANG Chan-Ho
Department of Physics, KAIST. 1Division of Advanced Materials Science, POSTECH. 2Department of Materials Science
Engineering, POSTECH. 3Graduate School of Nanoscience and Technology (WCU), KAIST. 4Department of Materials
Science and Engineering, Yonsei University.
A strain-driven morphotropic phase boundary of BiFeO3 offers a good opportunity to explore effects of large strain gradient on
physical properties. Here we investigate photo-induced current of a BiFeO3 thin film located between a conducting bottom
electrode and a semi-transparent metallic top electrode. By measuring spatially resolved photocurrent map and surface
morphology, we found that photocurrent is enhanced at the mixed phase area with anisotropic light polarization dependence. A
linear relationship between the photocurrent and the local density of phase boundary indicates that the photocurrent
enhancement arises from the boundary of two competing phases where large strain gradient exists. This photocurrent
enhancement can be understood on the basis of the enhanced optical transition from oxygen 2p level (valence band) to iron 3d
level (conduction band) due to the anisotropic shift of the iron ion inside oxygen octahedra as a result of flexoelectricity.

DF-16

2-2 Structured Magnetoelectric Composites and Thick Films by Aerosol-Deposition

RYU Jungho, KAMBALE Rahul, PATIL Deepak1, YOON Woon-Ha, PARK Dong-Soo, KANG Ju-Eun, JEONG Dae-Yong2,
KIM Kee Hoon1
Korea Institute of Materials Science (KIMS). 1Seoul National University. 2Inha University.
The composites can be formed by combining a ferromagnetic/magnetostrictive and ferroelectric/piezoelectric phases together
which provides a new class of functional materials, termed as magnetoelectric (ME) materials; the cross coupling between
magnetostrictive and piezoelectric effect results in a new product property called magnetoelectricity. It generally presents the
so-called direct ME effect in composite systems; i.e. when an external magnetic field is applied, the mechanical deformation in
the magnetostrictive phase is acoustically transferred to the piezoelectric phase, thereby resulting in an induced polarization due
to the piezoelectric effect.During the last decade, plenty of researches on ME composites have being done because of their
superior ME characteristics compare to that of single phase materials. In early of 2000s, we developed 2-2 layered ME
composite system with PZT and Terfenol-D for the first time. This composite system opens the gate of renaissance of ME
composite research. We studied the effect of thickness ratio, material composition, magnetic field direction, and processing
parameters on the ME characteristics at that time. We found that the magnitude of ME coupling of 2-2 laminate composite
showed more than 2 orders of magnitude higher than that of particulate composites or single phase magnetoelectrics. In this
presentation we will address current status of ME researches and very recent research result on 2-2 structured ME bulk
composite with piezoelectric single crystals and thick films by aerosol-deposition.
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Enhancement of Linear Magnetoelectric Coupling in Strained (Ba,Sr)3Co2Fe24O41 Single

Crystals

JEON Byung-Gu, CHUN Sae Hwan, CHAI Yi Sheng, KIM Kee Hoon
CeNSCMR, Department of Physics and Astronomy, Seoul National
University.
Multiferroic materials with gigantic linear magnetoelectric (ME)
coupling are expected to exhibit novel phenomena such as a
magnetization reversal by an electric field. Large direct and converse ME
effects at room temperature have been found recently in the Z-type
hexaferrite (Ba,Sr)3Co2Fe24O41 [1]. Here, we observed a sensitive
enhancement of the linear ME coupling in this material under tiny
uniaxial pressure to lead to a magnetic field-induced reversal of electric
polarization. By controlling the field cooling process, the enhancement of
the linear ME coupling is also realized in the ambient pressure and we
found direct evidence about this from the electric polarization
measurement under a rotating magnetic field. From these findings we
suggest that ME effect of this material mainly comes from the quadratic ME coupling, possibly linked to the transverse conical
spin configuration and its magnetic domain alignment, whereas the alignment of the chiral domain is responsible for the
enhancement of the linear ME coupling and the polarization reversal. [1] S. H. Chun et al., Phys. Rev. Lett. 108, 177201 (2012)

DF-18*

Effects of Al-Doping and Thermal Annealing on Magnetoelectric Ba0.5Sr1.5Zn2Fe12O22

Investigated by the Enhancement Factor of 57Fe Nuclear Magnetic Resonance
,

,

,

,

,

, CHAI Yi Sheng1,

1,

1

KAIST
. 1
.
Magnetoelectric properties of hexaferrite Ba0.5Sr1.5Zn2Fe12O22 is improved by Al-doping and thermal annealing. However
microscopic evidences for effects of Al-doping and thermal annealing are elusive. Using 57Fe nuclear magnetic resonance, we
find that the spin canting angle of Fe3+ ions at off-centered octahedra is fixed and Al3+ ions substitute for Fe3+ ions at offcentered octahedra. Tracing the enhancement factor of 57Fe nuclear magnetic resonance as a tool for observing the change of the
net magnetic moment per formula unit, we find a direct microscopic evidence for the suppression of the easy-plane anisotropy
by Al-doping. Proper thermal annealing reduces the number of pinning sites and electron spin fluctuations causing lower
switching magnetic field and higher ferroelectric transition temperature respectively.
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Piezoelectric Nanogenerators and Piezotronics for Energy Harvesting Applications

SANG-WOO Kim
Department of Advanced Materials Science & Engineering, SKKU Advanced Institute of Nanotechnology, Institute for Basic
Science, Sungkyunkwan University.
Nanopiezotronics is an emerging area of nanotechnology with a variety of applications that include piezoelectric field-effect
transistors and diodes, self-powered piezoelectric power generator (nanogenerator), and wireless nano/biosensors. By exploiting
coupled piezoelectric and semiconducting characteristics, it is possible for nanowires, nanobelts, or nanorods to generate
rectifying current and potential under external mechanical energies such as body movement, muscle stretching, vibrations, and
hydraulic forces. Various energy harvesting systems can be designed and developed based on the different physical mechanisms
of each energy generator. I will present a flexible hybrid architecture designed to harvest mechanical and solar energies, either
separately or simultaneously. By using ZnO with intrinsically coupled piezoelectric and n-type conductive properties, a flexible
hybrid energy scavenger is naturally created without any crosstalk and an additional assembling process, thus totally differing
from a simple integration of two different energy generators. The piezoelectric output signals from our hybrid cells are
originally alternating current (AC) type, but they can be controlled to direct current (DC)-like type by tailoring mechanical
straining processes both in a dark and under a light illumination. Based on such controllability of a piezoelectric output
behavior, the performance of the hybrid cell is synergistically enhanced by the contribution of piezoelectric generator, compared
with the output power generated independently from the solar cell part under normal indoor level of illumination.

DF-20

Flexible Inorganic Self-Powered Electronic Systems

LEE Keon Jae
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology.
This seminar introduces three recent progresses that can extend the application of high performance flexible inorganic
electronics. The first part will introduce two separate procedures suitable for generating and printing a lead-free BaTiO3 based
thin film nanogenerator and nanocomposite generator on plastic substrates. Energy harvesting technologies converting external
sources (such as vibration and bio-mechanical energy from the nature sources of wind, waves or human movements) into
electrical energy is recently a highly demanding issue in the materials science community for implantable biomedical devices
and sustainable green environments. First, the high performance flexible thin film nanogenerator was fabricated by transferring
the BaTiO3 thin film from bulk substrates. Second, we report the nanocomposite generator (NCG) for achieving a simple, lowcost, and large area fabrication based on BaTiO3 nanoparticles and graphitic carbons (CNT or RGO). The second part of this
seminar will introduce a RRAM with a one transistor-one memristor (1T-1M) arrays on flexible substrates. Flexible memory is
an essential part of electronics for data processing, storage, and radio frequency (RF) communication. Although several
emerging memory technologies, including resistive switching memory, have been proposed, the cell-to-cell interference issue
has to be overcome for flexible and high performance nonvolatile memory applications. To fabricate a fully functional flexible
memory, we integrated high performance flexible single crystal silicon transistors with an amorphous titanium oxide (a-TiO2)
based memristor to control the logic state of memory. The 8 x 8 NOR type 1T-1M RRAM demonstrated the first random access
memory operation on flexible substrates. The third part of the seminar will discuss the flexible GaN LED for implantable
biomedical applications. Although inorganic III-V light emitting diodes (LEDs) have superior characteristics, such as long-term
stability, high efficiency, and strong brightness, III-V LED limits its applications in the field of high performance flexible
electronics due to its brittle property. Our flexible GaN thin film LED in terms of its wide band gap and high efficiency enable
the dramatic extension of not only consumer electronic applications but also the biosensing scale. Finally a water-resist and a
biocompatible PTFE-coated flexible LED biosensor can detect PSA at a detection limit of 1 ng/mL. References (*:
Corresponding author)[1] K. Park, S. Xu, Y. Liu, G. Hwang, S. Kang, Z. Wang, K. Lee*, Nano Letters 10(12), 4939, 2010. [2]
K. Park, M. Lee, S. Mun, G. Hwang, J. Kim, D. Kim, Z. Wang, K. Lee* Adv. Mater, Front Cover, 24, 2999, 2012.[3] S. Kim,
H. Jeong, S. Kim, S. Choi, K. Lee*, Nano Letters 11(12), 5438, 2011[4] M. Koo, K. Park, S. Lee, M. Suh, D. Jeon, J. Choi, K.
Kang, K. Lee*, Nano Letters 12(9), 4810, 2012.[5] W. Park, B. You, J. Lee, C. Ross, K. Lee*, Y. Jung*, ACS Nano online
published. (DOI:10.1021/nn4000176)[6] S. Lee, K. Park, C. Huh, M. Koo, H. Yoo, S. Kim, C. Ah, G. Sung, K. Lee*, Nano
Energy 1, 145, 2012
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Three Approach Methods on Flexible Piezoelectric Energy Harvesting

CHONG YUN , WOO SUK Jung1, YOON Seok Jin1
Electronic Materials Research Center, KIST and KU-KIST Graduate School of Converging Science and Technology, Korea
University. 1Electronic Materials Research Center, KIST.
Even though oxide based piezoelectrics have excellent piezoelectric properties, they have a restricted application, especially
for energy harvesting. They are normally rigid and brittle and need to be sintered above 500℃ to have polycrystalline and high
piezoelectric properties. PZT thin films are not compatible with polymer substrates directly because of their high temperature
process. For energy harvesting application, large strain and durability are necessary to obtain a high generated power and a
mechanical flexibility. Energy harvesting from the environment has been of great interest as a standalone power source of
wireless sensor nodes for Ubiquitous Sensor Networks (USN). In particular, the piezoelectric energy harvesting from ambient
vibration sources has intensively researched because it has a relatively high power density comparing with other energy
scavenging methods. Through recent advances in low power consumption RF transmitters and sensors, it is possible to adopt a
micro-power energy harvesting system realized using mechanical vibration for the system-on-chip. Recently, three approaches
to realize flexible piezoelectric energy harvesters using Pb(Zr,Ti)O3 (PZT) have been developed. Firstly, laser lift off (LLO)
technology has been introduced for a flexible piezoelectric energy harvester. Piezoelectric thin films have been grown on the
sapphire substrate and transferred onto flexible substrates. Secondly, piezoelectric thin films have been deposited onto polymer
substrates at room temperature or low temperature (<300℃) by RF sputtering. Then, the films are exposed to Excimer laser and
annealed to be polycrystalline. Finally, PZT nano rods have been synthesized using hydrothermal method and PZT embedded
polydimethylsiloxane (PDMS) nanocomposites have been introduced with good output power and mechanical flexibility.

DF-22
,

,

Solution-processed ZnO metal oxide semiconductor for various functional devices
,

,
.
Various metal oxides including Zn, In and Ga oxides have come into the spotlight as innovative semiconductor that has the
potential to drive the future of the information technology industry. They have unique processing merits such as low
temperature and solution processibility as well as show the excellent electrical performance in TFT and piezoelectric device.
Herein, we introduce the solution-processed ZnO semiconductor and show the various applications toward the future devices
including metal oxide TFTs. In particular, the electrical generation of all-solution-processed flexible piezoelectric
nanogenerator, which was composed with polycrystalline ZnO thin film and functional polymer layers such as P3HT/PCBM
and PEDOT:PSS, was demonstrated through mechanical rolling and muscle stretching system to show the feasibility as a
piezoelectric patchable device.

- 103 -

2013 봄 학술논문발표회 및 제89회 정기총회

DF-23

2013.04.24-26, 대전컨벤션센터

Optimal Design of Piezoelectric Materials and Devices for Energy Harvesting

KIM Miso, DUGUNDJI John1, WARDLE BrianL.1
Center for Safety Measurements, Division of Metrology for Quality of Life, Korea Research Institute of Standards and Science,
Daejeon 305-340, Korea. 1Department of Aeronautics and Astronautics, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139, USA.
Mechanical vibration based piezoelectric energy harvesters (PEHs) have received considerable attention as an enabling
technology for self-powered wireless sensor networks. However, the biggest challenge with PEHs has been their insufficient
power generation for practical applications, which necessitates creative and disruptive materials and structure design at various
scales. Accordingly, a majority of the latest research has focused on improving the efficiency of piezoelectric power harvesting
devices through various ways: i) modification of device configurations, ii) design and development of piezoelectric materials
with enhanced properties, and iii) alteration of electrical circuits for power harvesting and storage. In this talk, design and
selection guidelines of optimal piezoelectric materials are presented followed by an overview of optimal device design schemes
for power improvement along with optimum operating conditions.

DF-24

Perspective of nano-hybrid superconducting junctions

,
.
A Josephson junction (JJ) is made by sandwiching a thin layer of a nonsuperconducting material between two superconducting electrodes. After
the prediction by Brian Josephson in 1962 that pairs of superconducting
electrons could tunnel through the non-superconducting barrier from one
superconductor to another, numerous experimental works have
demonstrated the Josephson effects in various material systems. Recent
advances in nanofabrication techniques have enabled the fabrication of
nano-hybrid Josephson junctions of nanowires, carbon nanotube, and
graphene etc. Here I would like to point out several major advantages of
the nano-hybrid Josephson junctions. Reduced size of the junction
enables us to minimize Joule heating to reveal quantum coherent transport
such as multiple Andreev reflections. Gate-tuneable supercurrent is
utilized to realize macroscopic quantum tunneling of a Josephson phase particle. Finally, topological state in combination with
the Josephson effects provides a corner stone for developing a superconducting quantum information devices.
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Comparative Terahertz Study of High-Temperature and Conventional Supercondutors

KIM Jae Hoon, HONG Taeyoon, YAMAMORI Hirotake1, IVAN Bozovic2
Department of Physics, Yonsei University, Seoul 120-749, Korea. 1National Institute of Advanced Industrial Science and
Technology, 1-1-1 Umezono, Tsukuba 305-8568, Japan. 2Brookhaven National Laboratory, Upton, New York 11973, USA.
We have measured the transmission of a La1.84Sr0.16CuO4 (LSCO) thin film and conventional superconductor niobium nitride
(NbN) thin films using our terahertz time-domain spectroscopy (THz-TDS) system from 4.5 to 300 K in the terahertz spectral
range from 5 to 80 cm-1. Both the real and imaginary parts of the conductivity were acquired without a Kramers-Kronig
analysis. We compared the complex conductivity of LSCO and NbN thin films, which show markedly different charateristics in
the temperature and frequency dependence.

DF-26

High Magnetic Field Properties of a New Quasi-one-dimensional Superconductor

Nb2PdxSe5
,

,
,

,

,
.

1

1,

,

.

We report a discovery of 5.5 K superconductivity in Nb2PdxSe5, whose structure consists of Nb-Se chains
along the b-direction. Magnetic susceptibility and heat capacity data in both single- and poly-crystals
constitute evidences of bulk superconductivity and weakly coupled BCS pairing. The zero temperature
upper critical fields, Hc2(0), of the single crystal are found to be 10.5, 35 and 22 T for a, b and c*directions, respectively. Hc2(0) is clearly much larger than the expected Pauli limiting field 1.84Tc | 9 T
for the b and c*-direction. We will discuss the possible explanations of such enhancement of Hc2 via
weakening of the spin-paramagnetic pair-breaking, based on the spin-orbit scattering and the quasi-1D
nature of electronic structure in analogy to an organic superconductor (TMTSF)2X (X = PF6, ClO4) and a
purple bronze Li0.9Mo6O17.
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Possible Multigap Superconductivity and Magnetism in Single Crystals of
Superconducting La2Pt3Ge5 and Pr2Pt3Ge5
,

1,

2,

. 1
. 2
.
Superconductivity and magnetic properties of rare-earth ternary germanide intermetallic compounds, La2Pt3Ge5 and Pr2Pt3Ge5,
are investigated. La2Pt3Ge5 and Pr2Pt3Ge5 single crystals were synthesized by high temperature metal flux method. These two
compounds were formed in U2Co3Si5-type orthorhombic structure (space group Ibam). La2Pt3Ge5 exhibits an onset of
superconducting phase transition at Tc = 8.1 K, which, to the best of our knowledge, is the highest Tc in RE2TM3X5 (RE = Rare
Earth elements, TM = Transition metal, and X = s - p metal) superconductors, and we observed multigap superconductivity
behavior in the specific heat measurement of La2Pt3Ge5. Pr2Pt3Ge5 shows both superconducting phase transition at Tc = 7.8 K
and antiferromagnetic transitions at TN1 = 3.5 K and TN2 = 4.2 K. In addition, Pr2Pt3Ge5 reveals strong magnetic anisotropy
with an easy magnetic axis perpendicular to the c axis due to crystalline electric field effect, and exhibits a field-induced
metamagnetic transition.

DF-28
Fermions

Topological Phase in Materials - from Bismuth based Topological Insulators to Majorana
,

.
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Directly Observing Edge States of 1D and 2D Topological Insulators

KIM Tae-Hwan, KIM Sung Hwan, YEOM Han Woong
POSTECH, Physics.
While researches on three dimensional (3D) topological insulators (TI’s) are prospering, those on lower dimensional (1D and
2D) TI’s are very few, due partly to the lack of proper materials systems. Nevertheless, 1D and 2D TI’s are characterized by 0D
and 1D edge states of exotic properties, which deserve more attention. In this talk, we introduce the first direct real space
observation of such 0D and 1D edge channels of 1D and 2D TI’s by scanning tunneling microscopy/spectroscopy. The 1D TI
utilized is the charge density wave phase of In atomic wires formed on the Si(111) surface [1]. We clearly identified the soliton
excitation along the wires [2, 3]. The unique features of this soliton are discussed. On the other hand, a Bi(111) bilayer was
theoretically predicted as a 2D TI. We have grown Bi(111) bilayer islands with zigzag edges on the cleaved surface of
Bi2Te2Se. Along their edges, we could observe the edge localized state [4], as predicted by first principle calculations. The
novel electronic structures of the Bi(111) bilayer and the Bi/ Bi2Te2Se interface are discussed. [1] Han Woong Yeom et al.,
Phys. Rev. Lett. 82, 4898 (1999).[2] Han Woong Yeom and Tae-Hwan Kim, Phys. Rev. Lett. 107, 019701 (2011).[3] Tae-Hwan
Kim and Han Woong Yeom, Phys. Rev. Lett. 109, 246802 (2012).[4] S. H. Kim et al., submitted to Phys. Rev. Lett.

DF-30

Optical Absorption in Twisted Bilayer Graphene

MOON Pilkyung, KOSHINO Mikito1
Korea Institute for Advanced Study, School of Computational
Sciences. 1Tohoku University, Department of Physics.
2
,
twisted bilayer graphene
.
, twisted bilayer graphene
,
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Dirac cone
twisted bilayer graphene

bilayer graphene
[2] P. Moon and M. Koshino, arXiv:1302.5218 (2013).
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First-principles study on topological domain walls in silicene

KIM Youngkuk, JIN Hosub, CHOI Keunsu, BAE Jaehyun, SON Seung-Wook, IHM Jisoon
Department of Physics and Astronomy, Seoul National University.
Silicene is a new two-dimensional Dirac system made of silicon atoms. Based on first-principles calculations, we suggest that
topological domain walls associated with the quantum valley Hall insulating phase can be realized in silicene. We show that the
intrinsic buckled structure allows the formation of topological domain walls under a uniform perpendicular electric field and
valley-polarized kink states emerge on the domain walls. The peculiar behavior of the kink states under various applied electric
fields is demonstrated and simulated scanning tunneling microscopy images are presented to discuss experimental signatures of
the topological domain walls. Our findings indicate that the one-dimensional domain wall can be used as an electrical wire
through which valley-polarized current can flow, and silicene is an ideal candidate for a valley polarizer.

DF-32
Nanostructures

Ab initio Study of Growth and Electronic Structure of Graphene and Graphene-based

HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
Recently, one interesting subject in graphene research is the growth mechanism of single layer graphene sheet on various
substrates. Several research groups obtained large-area graphene or few-layer graphene films on metal substrates using chemical
vapor deposition. To understand such growth of graphene we have become interested in study of graphene growth mechanism
on various substrates. We have performed density functional theory (DFT) calculations to understand the growth of graphene in
its initial stage by investigating adsorption and diffusion behaviors of carbon atoms on the oxide substrates, such as sapphire
and magnesium oxide, and the copper substrate. First, we investigate adsorption geometries and binding energies of carbon
atoms located on the Al2O3(0001) and MgO(100) surfaces. The single carbon atom is found to bind favorably to an oxygen
atom on the surface. Then, by increasing the number of adsorbed carbon atoms, we study binding behaviors of carbon atoms on
the oxide surfaces. Noticeably, at least one carbon atom of the carbon structure binds to an oxygen atom of the surfaces due to
strong bond between carbon and oxygen atoms. Combined with the experimental results, these theoretical findings may imply
that carbon atoms on the oxide substrates form the nanocrystalline graphite structure rather than a perfect graphene, within a
limited area. Next, we consider adsorption and diffusion behaviors of a carbon atom on the Cu(111) surface and in its
subsurfaces. These results are compared with the previous results and available experiment. In relation to the limitation of
gapless graphene, many interesting studies are focused on its functionalization such as oxygen adsorption and also on
functionalization of graphene nanoribbons (GNRs) and graphene-based heterostructures. We perform DFT calculations for
investigation of growth and functionalization of graphene-based nanostructures. The calculation results are presented with
available experiment.
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Hofstadter Butterfly and Self-similar Occurrence of Massless Dirac Particles in Graphene
under Arbitrary Magnetic Field

PARK Kwon
Korea Institute for Advanced Study.

Intricate interplay between the periodicity of the lattice structure and that of the cyclotron motion
gives rise to a wellknown selfsimilar fractal structure of the energy eigenvalue, known as the
Hofstadter butterfly, for an electron moving in lattice under magnetic field. Connected with the n=0
Landau level, the central band of the Hofstadter butterfly is especially interesting in the honeycomb
lattice. While the entire Hofstadter butterfly can be in principle obtained by solving Harper's
equations numerically, the weakfield limit, most relevant for experiment, is intractable owing to the
fact that the size of the Hamiltonian matrix, that needs to be diagonalized, diverges. In this talk, we
develop an effective Hamiltonian method that can be used to provide an accurate analytic
description of the central Hofstadter band in the weakfield regime. One of the most important
discoveries obtained in this work is that massless Dirac particles always exist inside the central
Hofstadter band no matter how small the magnetic flux may become. In other words, with its
bandwidth broadened by the lattice effect, the n=0 Landau level contains massless Dirac particles
within itself. As a corollary, the central Hofstadter band also contains a selfsimilar structure of
recursive Landau levels associated with such massless Dirac particles.

DF-34

Tunneling Conductances of Bi- and Tri-layer Graphenes

HONG Jongbae
POSTECH.
The line shapes of tunneling conductance observed for the electronic devices using bi- and ABC-stacked tri-layer graphenes
aretheoretically reproduced. We show that the anomalous curvature change in a low-bias region ofthe line shape is attributed to
a band gap in the bilayer graphene and double gapsin the trilayer graphene. However, the overall structure of the line shapeis
given by elastic resonant tunneling of nonentangled singlet throughthe coherent tunneling level that is formed by two-reservoir
mesoscopic system under coherence andstrong electron correlation at the mediating atom. The shifted Dirac point from the
Fermi level causes an asymmetricline shape in the ABC-stacked trilayer graphene.
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Pancharatnam-Berry phase of Dirac fermions in a topological junction

,
,
Korea Advanced Institute of Science and Technology.
Massless Dirac fermions in solids acquire the Berry phase of pi in the
spatial motion along a closed trajectory due to the momentum-spin
locking, exhibiting unconventional topological phenomena. We report a
new type of Berry phase of Dirac fermions, which is an electronic
analogue of Pancharatnam-Berry phase of polarized light. This phase
occurs as a scattering phase shift of Dirac fermions in a local and
nonadiabatic scattering event of transmission or reflection at a junction
with mass gap, unveiling topological aspects of scattering of Dirac
fermions. This geometric phase of spin 1/2 plays fundamental roles. It
offers a unique approach of detecting the Chern number of the insulator
side in a metal-insulator junction of Dirac fermions, establishing a new
type of bulk-edge correspondence for a metal-insulator junction. The
geometric phase also modifies the quantization rule of Dirac fermions,
suggesting geometric-phase devices with nontrivial charge and spin transport such as a topological wave guide and a multiterminal field-effect transistor.

DF-36*

Observation of Chiral Heat Transport in Graphene in the Quantum-Hall Regime

NAM Seung-Geol, HWANG E. H.1, LEE Hu-Jong
Department of Physics, Pohang University of Science and Technology, Korea. 1SKKU Advanced Institute of Nanotechnology,
Sungkyunkwan University, Suwon, Korea.
At low temperatures, observation of heat transport in a system can provide valuable information about interactions of charge
carriers with surroundings. Heat transport measurements are especially important in quantum Hall regime, as conventional
electrical transport measurements cannot probe electron-energy-relaxation mechanisms due to the robustness of the total
current. In this presentation, we investigated chiral nature of the edge current in monolayer graphene in the integer quantum
Hall regime via heat transport measurements. We injected charge carriers at a temperature higher than the system bulk and
measured the thermoelectric voltage corresponding to the local electron temperature at a distance from the carrier injection
point. We found that in graphene the heat transport via the edge conducting channels in the quantum Hall regime is chiral and
its direction is dependent on both the magnetic field direction and the carrier type. The thermoelectric signal, modulated by the
detector gate voltage, well follows the conductance variation as predicted by the Mott relation. Thermoelectric signal decayed
with distance from the heater, a sign that part of the heat is transferred out of the edge channels. Possible mechanisms of the
energy loss of carriers will be discussed.
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Edge and Interfacial States of 2D Topological Insulators in a Bi(111) Bilayer on Bi2Te2Se

KIM Sung Hwan, JIN Kyung Hwan, PARK Joonbum1, KIM Tae-hwan, KIM Jun Sung1, JHI Seung-Hoon1, YEOM Hanwoong
Center for Low Dimensional Electronic Symmetry, Pohang University of Science and Technology, Pohang 790-784, Republic of
Korea. 1Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Republic of Korea.
The edge state of a single Bi(111) bilayer, proposed as a two dimensional topological insulator, is identified successfully by
scanning tunneling spectroscopy and first principles calculations. The zigzag edged Bi(111) islands are grown on a cleaved
Bi2Te2Se crystal. The spectroscopic maps directly show enhanced local density of states in the range expected from the
calculation for Bi bilayer nanoribbon on Bi2Te2Se. In addition, the interfacial states are observed with modulation at the edge,
which are confirmed by the calculation for a Bi(111) bilayer on Bi2Te2Se as the hybridized states between the electronic states
of the Bi(111) and the substrate. According to our results, the previous work [F. Yang et al., PRL 109, 016801 (2012)]
interpreted the edge modulation of the interfacial state as the signature of the edge state. This work paves an avenue towards the
exploitation of quantum spin Hall states.

DF-38*

Robustness of Topological Edge States against Peierls Distortion and Reconstruction

KIM Hyun-Jung, BIHLMAYER Gustav1, BLUEGEL Stefan1, CHO JunHyung
Department of Physics, Hanyang University, Korea. 1Peter Gruenberg
Institut and Institute for Advanced Simulation, Forschungszentrum
Juelich and JARA, Germany.
Using density-functional theory calculations with spin-orbit coupling, we
investigate the influence of Peierls distortion and reconstruction on the
edge states of the zigzag nanoribbon of a single Bi(111) bilayer. We find
that the band-gap opening due to a Peierls distortion is forbidden by the
time-reversal invariance. We also find that a new predicted edge
reconstruction, where two hexagons are converted into a pentagonheptagon pair, cannot open a band gap because of a pair of helical edge
states crossing at the Brillouin zone center. The results demonstrate that the metallic edge states in Bi nanoribbon are
topologically protected against Peierls distortion and reconstruction. In contrast, the edge states in Sb nanoribbon have a Peierls
gap, indicating a trivial insulating character.
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Mobile fluoride acceptor anions on graphene surfaces
1,

2,

3

,
. 1
,
. 2
. 3
.
We use ab initio theories to investigate the configuration of the mobile fluoride acceptor anions on sp2-bonded carbon
materials. We find that trifluoride anion (F3−1) is bound onto the graphene plane through ionic interaction, shifting the Fermi
level rigidly without perturbing the π electron structures. This suggests that the F3−1 can easily migrate, generating hole carriers
in graphitic materials. On the other hand, the monatomic fluoride anion is not stable against the formation of the C-F bond, and
F2 molecule does not adsorb. We suggest that the widely debated semi-ionic C-F bond is not a relevant model for fluorinated
graphites.

DG-02*
Graphene

Non-Equilibrium Molecular Dynamics Simulation of the Lattice Thermal Conductivity of

PARK Min-Kyu, LEE Sun-Chul1, KIM Yong-Sung
Korea Research Institute of Standards and Science; University of Science and Technology. 1Korea Research Institute of
Standards and Science.
We calculate the lattice thermal conductivity of graphene by using micrometer-scale classical molecular dynamics simulations.
Particularly, we employ the non-equilibrium molecular dynamics simulation with direct method [1]. For graphene, there has
been an issue on the thermal conductivity value. The first report on the thermal conductivity of suspended graphene was as high
as about 6000 W/mK [2]. However, Geim et al. argued that it was overestimated and around 600 W/mK was reported [3]. Until
recently, lots of experimental efforts have been made, and around 3000 W/mK value seems to be nowadays accepted [4]. To
clarify these variety results, micrometer-scale atomic simulations are performed in this work to obtain the fundamental value of
the lattice thermal conductivity of suspended graphene, and around 3500 W/mK is obtained. [1] W. G. Hoover, Computational
Statistical Mechanics (Elsevier, Amsterdam, 1991). [2] A. A. Balandin et al., Nano Letters 8, 902 (2008). [3] C. Faugeras et al.,
ACS Nano 4, 1889 (2010). [4] S. Chen et al., ACS Nano 5, 321 (2011).
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Oxygen- and Fluorine-Driven Unzipping of Carbon Nanotubes: First-Principles Study

LEE Hyung-June, KIM Gunn1, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University. 1Department of Physics and Graphene Research
Institute, Sejong University.
Unzipping carbon nanotubes (CNTs) has recently attracted an interest as a
promising route to synthesizing semiconducting graphene nanoribbons
(GNRs). Using ab initio study, we explore the structural and electronic
properties of CNTs that has been partially unzipped by oxygenation and
fluorination. Because a partially unzipped CNT (PUCNT) consists of both
a CNT and a curved GNR, it is expected to have more diverse properties.
We choose a (5, 5) armchair CNT using a simple tetragonal unit cell with
periodic boundary condition. Our study shows that although both O- and
F-driven
PUCNTs
have
similar
pinholes,
their
band
structures are distinctively different. The O-PUCNT preserves its metallic
characteristics and has many localized states in the valence band originating from O 2p orbitals. In contrast, the F-PUCNT has a
band gap of ~0.14 eV, and its localized states appear in the conduction band. We also investigate the quantum electronic
transport properties of these two types of PUCNTs using Green’s function approach within ballistic scheme. We find that some
wave functions show electron depletion on the back side of the open part resulting in the conductance dips, blocking the
conduction channels.

DG-04*

Interplay between Structural and Electronic Properties of Layered MS2 (M=Ti, Zr, Hf,
Cr, Mo, W) Structures and Their Application

KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
We investigate the effect of the interlayer interaction on the structural
and electronic properties of layered MS2 (M=Ti, Zr, Hf, Cr, Mo, W)
structures and their potential application of Li ion batteries using ab initio
calculations based on the density functional theory (DFT) supplemented
with van der Waals interaction. We calculate the relative stability of various layer-layer stacking configurations determined by
considering relative positions and orientations between neighboring layers. It is found that an intriguing coupling effect between
stacking and electronic structure. Some stacking configuration with a lager inter-layer distance exhibit larger electronic band
gap than the other structures. In order to know whether these MS2 materials can be used in Li-ion battery as anode materials, we
thoroughly evaluate the diffusion paths and barriers of Li atoms between layers. Interestingly, we find that Li atoms can freely
move from one site to another at room temperature due to small diffusion barrier. We further evaluate the Li-capacity and
volume expansion of the host material MS2 due to Li intercalation. It is found that MS2 exhibit relatively small volume
expansion and high Li-capacity similar to or better than currently-used anode materials based on graphite, implying that layered
MS2 may be a candidate for Li-ion battery electrodes.
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DG-05*

First-Principle Study on the Adsorption and Diffusion Properties of Li on Carbon
Nanofoam Structure

PARK Hanjin, PARK Sora, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
Using ab-inito density functional calculations, we investigate the
adsorption and diffusion properties of Li atoms on new carbon
nanostructure which could be applied as a new anode material for the Liion battery. We focus on special carbon nanofoam structure consisting of
schwarzite structures with local negative Gaussian curvature as the core
parts and (4,4) CNT segments as the interconnection parts. Considering
several possible adsorption sites of Li atoms on the system, we calculate
the binding energy and equilibrium distance of Li atom on each site. It is
found that the carbon nanofoam structure can adsorb Li atoms without
geometrical deformation due to its rigid and porous properties. We also calculate the Li-capacity of the system and compare the
result with that of existing anode materials. Considering the symmetry of the system, we investigate possible diffusion path on
outside and inside surface of the structure, and calculate the energy barrier for Li atom to diffuse through the porous carbon
nanofoam structure.

DG-06*

Density functional calculations for the local bonding effect on the Mg acceptor level in
nitride ternary alloys

PARK Ji-Sang, CHANG Kee Joo
KAIST,
.
Group-III nitride semiconductors have attracted much attention due to
their applications to light emitting devices. However, p-type doping
efficiency is low mainly due to the high activation energy of the
commonly used Mg acceptor. The Mg acceptor level tends to increase as
the band gap increases, thus, p-type doping efficiency becomes even
worse in AlGaN alloys. To improve p-type doping efficiency in nitride
alloys with the band gaps in the UV region, a more comprehensive study
on the local bonding effect on the Mg acceptor level is needed. We
perform first-principles density functional calculations to investigate the structural and electronic properties of the Mg acceptor
in AlGaN and InGaN ternary alloys. The special quasi-random structure approach is used to generate the alloy structure for a
supercell containing 256 host atoms. In AlGaN, the Mg acceptor tends to occupy the lattice surrounded with more Al atoms,
whereas the lattice sites with less In atoms are more favorable in InGaN. In addition, we find that the Mg acceptor level is
closely related to the site preference of the Mg dopant, which is attributed to the local bonding effect. The results for the Mg
acceptor level are discussed in comparison with that in GaN.
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Effect of pressure on the transport property of telluride alloys supperlattices

TRAN VAN quang, KIM Miyoung1
Department of Physics, Ajou University. 1Department of Nano Physics, Sookmyung Women’s University.
Telluride alloys, Bi2Te3 and Sb2Te3, play a critical role in thermoelectric science and technology. The Bi2Te3/Sb2Te3
supperlattices have been supposed the highest recorded thermoelectric efficiency, ZT~2.4, at room temperature as yet.
Employing the precise full potential linearized augmented plane wave (FLAPW) method [1], in this report, we will study the
effect of pressure on the electronic structure of the Bi2Te3/Sb2Te3 supperlattices. We utilize the solution of Boltzmann’s
equation in a constant relaxation-time to examine the influence on the thermoelectric transport properties. Then the results
would be compared with the experimental data. [1] E. Wimmer, H. Krakauer, M. Weinert, and A. J. Freeman, Phys. Rev. B 24,
864 (1981).*corresponding author: kimmy@sm.ac.kr

DG-08

Stacking effect of piezoelectric flurographane layers

,
,
.
Breaking the inversion symmetry of nonpiezoelectric graphene by
selective adsorption of atoms induces the spontaneous polarization or
piezoelectric properties. In flurographane (C2HF)n, which the half of C
atoms of a single graphene layer makes an additional bonding with H
atoms and the remaining ones with F, the simplest possible conformations
are chair, boat, zigzag, and armchair. We examine the stability of these
(C2HF)n conformations by calculating their formation energies, and
confirm that the four conformations are energetically stable and the chair conformation is the most stable of them all. For the
chair (C2HF)n layer, the spontaneous polarization PS along the direction perpendicular to the layer was computed as 47.3 pC/m

in terms of the Berry phase calculation, and piezoelectric constants were calculated as e31 = 13.0 pC/m and d31 = 4.71×10-14
m/V, respectively. When the chair (C2HF)n layers are stacked, these properties will be changed due to the interaction between
the single layers. Therefore, we study the electronic and piezoelectric properties of AA and AB (AB1, AB2, AB3; see Figure 1)
stacked chair (C2HF)n layers, and compare these with the results of a single layer. All calculations have been performed within
density-functional theory (DFT) formalism.
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First-principles study on the antiferromagnetic exchange coupling among dopant electrons

in Si nanowires

MOON Chang-Youn, MIN Byoung-Chul1, LEE Jung Hoon1, CHANG
Joonyeon1, CHOI Hyoung Joon2
KRISS. 1KIST. 2Yonsei University.
We theoretically investigate the nature and origin of magnetic
interactions in impurity-doped Si nanowires, which has been recently
reported experimentally. Using the first-principles calculations based on
density functional theory and its extension with a constraint, we find that
a magnetic moment localized around a dopant impurity such as
phosphorus or boron induces a magnetic moment in opposite direction on
another impurity atom nearby. Calculated exchange parameter J also
shows antiferromagnetic nature of the exchange interaction. We find the
direct overlap and subsequent direct exchange interaction between effective hydrogen-like orbitals of shallow impurity states as
the origin of antiferromagnetic coupling between dopant impurity spins. Along with the fact that there is no long-range
magnetic order both from the ground state solution of density functional theory and experiment, we suggest antiferromagnetic
spin fluctuation in phosphorus- or boron-doped Si NWs.

DG-10
nanoribbons

Structural and magnetic properties of the Co atoms embedded in zigzag-shaped graphene

LEE Alex Taekyung, CHANG Kee Joo
Department of Physics, Korean Advanced Institute of Science and Technology, Daejeon 305-701, Korea.
We examine the atomic, electronic, and magnetic properties of Co atoms embedded in zigzag graphene nanoribbons through
first-principles density functional calculations. When a Co atom is embedded in a divacancy defect, the binding energy of Co is
larger than the cohesive energy of bulk Co due to the strong coupling between the Co d and C p orbitals. We show that the
ribbon edges play an important role in the stabilization of Co. For the Co atom near the edge, the edge C atoms are protruded,
forming a tilted-edge structure, while they remain on the graphene sheet if Co is positioned in the middle of ribbon. Due to
additional interactions between the protruded edge C and Co atoms, the Co-divacancy complex favors the tilted-edge structure.
The embedded Co atom locally separates the nanoribbon by two bipartite lattices. We find that the magnetic interaction between
two Co atoms is determined by their relative positions and interference of the spin-polarized bipartite lattices induced by the Co
atoms.
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Electronic structure and the jeff=1/2 effective Hamiltonian of A2IrO3 (A=Na,Li)

KIM Heung-Sik, YU Jaejun1
Department of Physics and astronomy, Seoul National University, Seoul, 151-747, Korea, Department of Physics, Korean
Advanced Institute of Science and Technology, Daejeon 305-701, Korea. 1Department of Physics and astronomy, Seoul
National University, Seoul, 151-747, Korea.
In this work, we perform first-principles calculations for the band structures of A2IrO3 (A=Na,Li), analyze the electronic
structure and the role of the spin-orbit coupling on the band structures, and present a realistic minimal effective Hamiltonian by
using maximally-localized Wannier functions. By comparing the results for Na2IrO3 and Li2IrO3, our results state the difference
in the electronic structures in terms of the size of the in-plane lattice constant. Also for both compounds we emphasize the
significance of nontrivial long-range hopping terms arising from the extended nature of the Wannier orbitals. Such long-range
hopping terms are important in understanding the low-energy electronic degree of freedom and the related magnetic properties,
and also play a crucial role in determination of the topological character of this system. In the case of Li2IrO3, by controlling the
lattice strain we can tune the ratio between nearest-neighbor and longer-range hopping parameters and have achieved the
following phase transition to the topological insulator phases in our first-principles calculations.

DG-12

The DFT+DMFT study for the heavy fermion compund

HAULE K.2, KOTLIAR G2,
,
. 1
. 23Department of Physics, Rutgers University.
4f orbital electrons in Ce or Yb ions are usually localized at high temperature. The temperature dependent behavior of 4f
electrons is determined by the competition between Kondo effect and RKKY interaction. We have studied the cases where the
Kondo effect is dominant[1,2]. We showed temperature-dependent scaling behavior of Fermi surface and hybridization gap. To
approach more realistic calculation, the weak crystalline electric field (CEF) of 4f electrons is also taken into account, because
the bandwidth of 4f electrons is also as very narrow of ~10 meV as the CEF splitting. We confirmed that the CEF induces
drastic changes of spectral function near Fermi level. We are trying to resolve the CEF effect on heavy fermion system. [1]
Hong Chul Choi, B. I. Min, J. H. Shim, K. Haule, G. Kotliar, Temperature-dependent Fermi surface evolution in heavy fermion
CeIrIn5 , Phys. Rev. Lett. 108, 016402 (2012.1.5), arXiv:1105.2402.[2] Hong Chul Choi, K. Haule, G. Kotliar, B. I. Min, Ji
Hoon Shim, Precursor of the Kondo resonance band in the heavy fermion system, arXiv:1302.3682
,

1,
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Direct observation of a BKT superfluid in a 2D Bose gas
,

,
.
In a two-dimensional system, superfluid phases can exist even without
Bose-Einstein condensation. The Berezinskii-Kosterlitz-Thouless (BKT)
theory provides a microscopic mechanism for the 2D normal-tosuperfluid phase transition, where vortices with opposite circulation are
paired below a critical temperature. Here we report on the observation of
thermally excited vortex pairs in a trapped quasi-2D Bose gas. Densitydepleted vortex cores can be imaged after radially compressing the
sample before releasing the trap. We measure the spatial distribution of
thermally activated vortices in the 2D sample, where the pairing of
vortices is revealed by the two-vortex spatial correlation function
obtained from the vortex distribution. The vortex density decreases gradually as temperature is lowered, and below a certain
temperature, a vortex-free region emerges in the center of the sample. This represents a crossover from a BKT phase with
vortex-pair excitations to a vortex-free Bose-Einstein condensate in a finite-size 2D system.

DG-14

Charge Density Wave Induced by Ir Site-Selective Lattice Distortions in 9R-BaIrO3

NOH Han-Jin, JEONG Jinwon, CHANG Bin, LEE Seongsu1, KIM Hyeong-Do2, KIM Kyoo3, MIN B. I.3
Dep. Of Physics, Chonnam National University. 1Neutron Science Division, Korea Atomic Energy Research Institute. 2Pohang
Accelerator Laboratory, Pohang University of Science and Technology. 3Dep. of Physics, POSTECH.
We present evidence for the charge density wave (CDW) mechanism of quasi-one-dimensional 9R-BaIrO3. The CDW phase
of the compound was reported a decade ago, but its exact mechanism has not been clearly revealed for a long time. We resolved
this issue by performing the temperature dependent neutron diffraction (ND), x-ray diffraction (XRD), and x-ray photoelectron
spectroscopy (XPS). Our ND/XRD studies uncovered that the cell parameters show an unconventional thermal expansion
behavior that is strongly correlated with the CDW phase transition. The detailed structure analysis revealed that the distortion of
the IrO6 octahedra is Ir site-selective in crystallography, inducing the CDW phase via an Ir 5d level shift below TC=175 K.
Based on this experimental fact that the IrO6 distortion is temperature-dependent and Ir-site selective, we performed the
electronic structure calculation by an LDA+U method, giving a consistent result to our CDW scenario. In addition, the Ir charge
disproportionation due to the energy level shift was confirmed in the Ir 4f core-level XPS spectra. This work was supported by
the National Research Foundation (NRF) of Korea Grant funded by the Korean Government (MEST) (No. 2011-0018808).
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Infrared Study of the Electronic Structure of Metallic Pyrochlore Iridate Bi2Ir2O7

LEE Yunsang, MOON S. J.1, BASOV Dimitri N.2, FISHER I. R.3,
RIGGS Scott C.3, SHAPIRO M. C.3, KEMPER A. F.4
Soongsil University, Physics. 1Hanyang University, Physics. 2UCSD,
Physics. 3Stanford University, Applied Physics. 4Lawrence Berkeley
National Laboratory, SCD.
We investigated the electronicproperties of a single crystal of metallic
pyrochlore iridate Bi2Ir2O7by means of infrared spectroscopy. Our optical
conductivity data show thesplitting of t2g bandsinto Jeff ones due tostrong
spin-orbit coupling. We observed a sizable mid-infrared absorption
near0.2 eV which can be attributed to the optical transition within
the Jeff,1/2 bands. Moreinterestingly, we found an abrupt suppression of
optical conductivity in thevery far-infrared region. Our results suggest
that the electronic structure ofBi2Ir2O7 is governed by the strong spin-orbitcoupling and correlation effects, which are
prerequisite for theoreticallyproposed non-trivial topological phases in pyrochlore iridates.

DG-16

Attosecond physics of a strongly correlated electron system

LEE J.D.
Department of Emerging Materials Science, DGIST.
Extreme ultraviolet (XUV) light source with attosecond (as) (1 as = 10-18 s) pulse duration enables new time-domain insight at
the time scale of 10 - 100 as into the electron dynamics occurring in atoms or molecules. In particular, attosecond streaking of
the electron photocreation and transport in the photoemission process has opened up a new perspective in the real-time electron
transport. A strongly correlated electrom systen including d electrons could be often simplified as a local cluster due to their
localized nature. This gives us a clue that attosecond physics of a strongly correlated electron system could be approached in
analogy with atomic or molecular systems. In this study, we consider two subfemtosecond spectroscopic phenomena occurring
in copper dihalides: (i) Photoelecctron emission timing for Cu 3s core lines, and (ii) Attosecond resonant photoemission and
quantum interference. Copper dihalides are insulating solids of 3d transition-metal compounds with the strong electron
correlation.
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Development Of DFT+U Method With Spin-Orbit Interaction

KO Eunjung, LEE Hyungjun, OH Hyungju1, PARK Se Young2, CHOI
Hyoung Joon1
Center for Computational Studies of Advanced Electronic Material
Properties, Yonsei University, Seoul, 120-749, Republic of
Korea. 1Department of Physics and IPAP, Yonsei University, Seoul, 120749, Republic of Korea. 2Department of Physics, Columbia University,
New York, 10027, USA.
We developed a DFT+U+SOI method by incorporating spin-orbit
interaction (SOI) into a noncollinear-spin generalization of the density
functional theory (DFT) plus Coulomb interaction among d electrons,
parameterized by U and J. The Coulomb interaction, which is based on
the rotationally invariant form, is generalized for noncollinear-spin
configuration, and the fully localized limit is adopted for the doublecounting term. The spin-orbit interaction is treated in the l-dependent
fully separable nonlocal form using additional Kleinman-Bylander
projectors generated by relativistic calculations of atoms. We
implemented our DFT+U+SOI method into the SIESTA code and performed test calculations for the 4d or 5d transition metal
oxides, the all-in-all-out noncollinear magnetic insulator Cd2Os2O7, the ferromagnetic insulator Sr2IrO4, and the paramagnetic
insulator Ca2RuO4. This work was supported by NRF of Korea (Grant No. 2011-0018306) and KISTI supercomputing center
(Project No. KSC-2012-C3-046).

DG-18*

Size- and Shape-Dependent Air-Stability of PbS Quantum Dots

KO Jae-Hyeon, CHOI Hyekyoung1, JEONG Sohee1, KIM Yong-Hyun
Graduate School of Nanoscience and Technology (WCU), KAIST,
Daejeon 305-701, Republic of Korea. 1Nanomechanical Systems
Research Division, Korea Institute of Machinery and Materials (KIMM),
Daejeon 305-343, Republic of Korea; Department of
Nanomechantronics, University of Science Technology (UST), Daejeon
305-343, Republic of Korea.
Very recently we have found that oleate-passivated Pb-rich PbS
quantum dots (QDs) smaller than 4 nm are extremely air stable, but PbS
QDs larger than 4 nm are relatively unstable in air. To understand the size-dependent air stability, we have investigated surface
energies of (100), (111), and molecule-passivated Pb-rich (111) surface based on first-principles density functional theory
(DFT) total energy calculations. We have found that while the bare (100) surface is more stable than the cis-oleate passivated
(111) surface, formate (HCOO-) and acetate (CH3COO-) passivated Pb-rich (111) surface is much more stable than the bare
(100) surface. This indicates that the stability of molecule-passivated Pb-rich (111) surface is strongly dependent on the steric
hindrance of passivating ligand molecules. We also found that the surface energy of cis-oleate-passivated (111) depends on the
QD size due to the mitigation of the steric hindrance on curved nanostructures. Therefore, the size-dependent air stability of PbS
QDs is attributed to the shape transition from (111)-only octahedron to (111)/(100) cuboctahedron.
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Luminescence origins in Si-nanocrystal/SiO2 multi-layers induced by proton- irradiation
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Controlling spin stability by a vector magnetic field and atom manipulation

CHOI Deung-Jang, YAN Shichao, LOTH Sebastian
Max Planck Research Group-Dynamics of Nanoelectronic Systems, Center for Free-Electron Laser Science,
Hamburg,Germany.
A time-resolving sub-Kelvin scanning tunneling microscope (STM) is used to manipulate atoms and build nanostructures such
as atomic chains or arrays. We show that not only static but also dynamic properties of nanostructures can be controlled. We
place magnetic atoms into close proximity of existing nanostructures. This modifies available spin relaxation pathways. The
resulting variations in the spin relaxation times and spin polarization can be monitored by an all-electronic pump-probe
technique [1]. In this way even weak spin coupling can be detected. A vector magnetic field provides additional control over the
mixing of spin states without changing the atomic configuration of a nanostructure. For example, we compare the angular
dependence of the spin anisotropy for individual Fe atoms and Fe in few-atom arrays. The combination of vector magnetic
fields with atom manipulation provides a great deal of control over the behavior of atomic spins making it possible to study spin
dynamics at atomic dimensions.
[1]
S. Loth, M. Etzkorn, C. P. Lutz, D. M. Eigler, A. J. Heinrich, Science 329,
1628 (2010).
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Ab Initio Study on Self-Assembled One-Dimensional Metal-Molecule Hybrid Chains on Ag

(111) Surface

KOO Bon-Gil, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
We investigate the formation mechanism, geometrical and electronic
properties of self-assembled one-dimensional metal-molecule hybrid
chains on Ag (111) surface using ab initio density functional theory. The
hybrid chains are observed when 4,4”-dibromo-p-terphenyl (DBTP) or
9,10-dibromoanthracene (DBA) molecules are sprinkled on Ag(111)
surfaces at room temperature. We find that the resulting hybrid chains are
constructed by substituting Br atoms in these molecules with Ag atoms,
which used be adatoms drifting on the Ag(111) surface. As a result, the
one-dimensional chain structures are composed of p-terphenyl from DBTP or anthracene from DBA connected through an Ag
atom to form (p-terphenyl-Ag)n or (anthracene-Ag)n. To find the equilibrium pattern of the chain structures, we compare the
stabilities of several possible configurations while considering the roles of the detached Br atoms and Ag adatoms in the
formation mechanism. The detached Br atoms play a major role of chain-chain alignment resulting in a rectangular pattern. We
also explore the effect of the end structures of these hybrid chains on their electronic properties to understand the observed
differences in STM images. It is found that the electronic structures depends on whether an Ag atom exists at the end or not.

DG-22

Reinvestigating Structures and Electronic States of Distorted Atomic Chains on the Si(553)-

Au Surface

SHIN Jin Sung, YEOM Han Woong
Department of Physics and Center for Low Dimensional Electronic
Symmetry, Pohang University of Science and Technology.
We investigate the structure and electronic states of the Si(553)-Au
surface, the 1D atomic wire structure with Si step edge and Au terrace
chains, in detail using scanning tunneling microscopy (STM) and
spectroscopy at low temperature down to 6 K. High resolution biasdependent topography and spatially resolved dI/dV map show various
phases at the step edge due to the evolution of charge density modulation
with a 3a0 periodicity at temperatures of 78~120 K. At 6 K, a new ground
state, which has not been reported previously, is observed with a 2a0
periodicity along the step edge. In contrast with the step edge chain, the
terrace Au chain doesn't show a distinct change upon the temperature
change and remains metallic even at 6 K.
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Driving force of phase transition in indium nanowires on Si(111)

KIM Hyun-Jung, CHO Jun-Hyung
Department of Physics, Hanyang University.
The precise driving force of the phase transition in indium nanowires on
Si(111) has been controversial whether it is driven by a Peierls instability
or by a simple energy lowering due to a periodic lattice distortion. The
present van der Waals (vdW) corrected hybrid density functional
calculation predicts that the low- temperature 8×2 structure whose
building blocks are indium hexagons is energetically favored over the
room-temperature 4×1 structure. We show that the correction of selfinteraction error and the inclusion of vdW interactions play crucial roles
in describing the covalent bonding, band-gap opening, and energetics of
hexagon structures. The results manifest that the formation of hexagons
occurs by a simple energy lowering due to the lattice distortion, not by a charge density wave formation arising from Fermi
surface nesting.
[1] Hyun-Jung Kim and Jun-Hyung Cho, Phys. Rev. Lett. (accepted).

DG-24

Investigation of two dimensional conducting surface of topological insulator by using WAL
at various temperature and angle

SHIN Jinsik, CHOI Seonghoon, LEE Sangyeop, LEE Hakjoon, LEE
Sanghoon, LIU X.1, FURDYNA J. K.1
Department of physics, Korea University. 1Department of physics, Notre
Dame University.
We have investigated the magnetotransport properties of topological
insulator Bi2Te3 film grown on (001) GaAs substrate. The Bi2Te3 thin
film thickness of 20 nm was deposited by using molecular beam epataxy
(MBE). The transport measurement was performed with physical
property measurement system (PPMS) equipped with 9T superconducting
magnet. The magnetoresistance shows narrow deep near the zero field in
addition to the B2 dependence of 3-D electron system. This characteristic
behavior is known as weak anti localization (WAL). We investigated the
feature of WAL at various temperatures and the external field directions. We have analyzed the behavior of WAL by using
Hikami-Larkin-Nagaoka (HLN) formula involving coherence length of electron lφ, and the surface state parameter α. These
physical parameters indicate the presence of surface conducting channel. The mobility of conducting channel was also
determined form the analysis. While the values of lφ, and the α decreases as temperature increases, the mobility of surface
conducting electron does not varied with temperature. The temperature behaviors of WAL and mobility will be discussed in
terms of quantum properties arising from the time-reversal-invariant of topological insulator.
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Tunneling Conductance: From Quantum Dot To Cuprate
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DG-26

Energy spectrum, quantum Hall effect, and valley splitting in graphene on hexagonal boron

nitride
MOON Pilkyung, KOSHINO Mikito1
Korea Institute for Advanced Study, School of Computational
Sciences. 1Tohoku University, Department of Physics.
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. [1]
P. Moon and M. Koshino, Phys. Rev. B 85, 195458 (2012). [2] C. R. Dean, L. Wang, P. Maher, C. Forsythe, F. Ghahari, Y.
Gao, J. Katoch, M. Ishigami, P. Moon, M. Koshino, T. Taniguchi, K. Watanabe, K. L. Shepard, J. Hone, and P. Kim,
arXiv:1212.4783 (2013). [3] D. R. Hofstadter, Phys. Rev. B 14, 2239 (1976).
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Force Free Aharonov-Bohm Quantum Ring Interferometer

SEO Minky, CHOI Hyungkook1, HONG Changki2, KIM Nam3, KANG Kicheon4, CHUNG Yunchul2
Research Center for Dielectric and Advanced Matter Physics, Pusan National University. 1Braun Center for Submicron
Research, Weizmann Institute of Science. 2Department of Physics, Pusan National University. 3Korea Research Institute of
Standard and Science. 4Department of Physics, Chonnam National University.
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Focused-Laser-Enabled p-n Junctions in Graphene Field-Effect Transistors

KIM Young Duck, BAE Myung-Ho1, SEO Jung-Tak2, KIM Yong
Seung3, LEE Jae Hong3, AHN Joung Real2, CHUN Seung-Hyun3, PARK
Yun Daniel
Seoul National University. 1Korea Research Institute of Standard and
Sciene. 2Sungkyunkwan University. 3Sejong University.
Graphene is potentially an ideal candidate for many opto-electronic
applications. Beyond the direct photo-graphene interactions, indirect effects arising from induced charge traps underneath the
photoactive graphene arising from photo-substrate interactions must be better understood and harnessed. Here, we study the
local doping effect in graphene using focused-laser irradiation, which governs the trapping and ejecting behavior of the charge
trap-sites in the gate oxide. The local doping effect in graphene is manifested by a large Dirac voltage shifts from the electrical
measurements and a strong photocurrent response due to the formation of a p-n-p junction in gate-dependent scanning
photocurrent microscopy. The technique of focused-laser irradiation on a graphene device suggests a new method to control the
charge-carrier type and carrier concentration in graphene in a non-intrusive manner as well as elucidate strong photo-substrate
interactions in the ultimate performance of graphene devices.
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Investigating Reduction Process of Graphene Oxide Using Electrostatic Force Microscopy

JEONG Huiseong, LEE Kyung Moon1, AHN Yeonghwan, LEE Soonil,
PARK Ji-Yong
. 1
.

DG-32*
Junction

Superconductor-Insulator Transition in Dual-gated Bilayer-Graphene Proximity Josephson

1,
,
,
Department of Physics, POSTECH. 1Department of Applied Physics, Hanyang University.
Electrical transport arising from the superconducting proximity effect in band-gap-modulated bilayer graphene is investigated.
A vertical electric field set up by top and bottom gates opens a band gap in the bilayer graphene. With this gate-tuned band gap
in the presence of superconducting proximity effect in a bilayer-graphene Josephson junction, we observed a superconductorinsulator transition. As gate voltages reduce charge carrier density or widen the band gap of the bilayer graphene, the
superconducting regime of the Josephson current as high as 100 nA continuously changes into the insulating regime of variablerange-hopping-type conduction. The transition from superconductor to insulator is universally observed at the critical junction
conductance of Gsq ~ 2e2/h, regardless of gate voltages. A scaling analysis near the transition point reveals the evidence of
boson-dominated superconductor-insulator transition.
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DG-33*

Computational Study on the Electronic Transport Properties of Gold Nanowires Based
on M@Au12 (M=W, Mo) Clusters
PARK Sora, KIM Gunn1, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University. 1Department of Physics and Graphene Research
Institute, Sejong University.
Using ab initio calculations based on density-functional theory in
combination with the non-equilibrium Green function approach, we
investigate the electronic transport properties of one-dimensional (1D)
nanowire structures composed of metal-encapsulated Au12 nanoclusters
(M@Au12, M = W, Mo) with icosahedral (Ih) and cuboctahedral (Oh)
symmetries. We consider various dimer configurations with different compounds and symmetries as the unit of the nanowires.
These nanowires reveal different electronic properties depending on the symmetries of clusters and dimer configurations.
The Oh-M@Au12 based nanowires with a specific dimer configuration are metallic, while other nanowires considered in this
study exhibit semiconducting characteristics. We calculate the electronic conductance of these metallic and semiconducting
nanowires and the scattering states of their eigen channels. Our results show that the hybridization characters between the s-state
of the surface gold atoms and the d-states of the encapsulated transition metal atom play critical roles in electronic transport
properties of nanowires.

DG-34*

Demonstration of Sideband Cooling and Heating with Thermal Phonon in
Micromechanical System
CHO SUNGWAN, CHO SUNG UN1, CHO MYUNG RAE2, KIM
SANG GOON3, SHIM SEUNG BO3, PARK YUN DANIEL2
Seoul National University, Korea Research Institute of Standards and
Science. 1Korea Research Institute of Standards and Science. 2Seoul
National University. 3Korea Research Institue of Standards and Science.
We show that higher mode of thermal oscillation in the same mechanical
resonator can act as embedded phononic cavity instead of external
photonic cavity. Dielectric actuation generate strain-induced coupling
between first and second thermal mode with high mechanical quality
factor. Phonon cavity(2nd mode) is in the resolved sideband regime and
which can assist cooling and heating of thermal oscillation in mechanical
resonator. To realize phononic-cavity-embedded mechanical device,
doubly-clamped micromechanical resonators are fabricated from highstress silicon nitride on SiO2/Si substrate and Dielectric field gradient by
electrode can apply sideband pumping. Optical measurement of resonant
response of micromechanical resonator reveals its fundamental flexural mode of thermal motion at approximately 3.5 MHz (f1)
and second mode (f2 : phononic cavity) at 7.1 MHz. With red-detuned and blue-detuned sideband pumping, we can observe both
cooling and heating in 1st flexural mode of thermal oscillation.
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DG-35

Atomic and Electronic Structure of Graphene/Hexagonal Boron Nitride Stacked Layer
with Intercalated Atoms

SUNG Dongchul, BAEK Hongwoo1, KUK Young1, KIM Gunn, HONG
Suklyun
Graphene Research Institute and Department of Physics, Sejong
University. 1Department of Physics and Astronomy, Seoul National
University.
The hexagonal boron nitride (h-BN) sheet is an insulator with the band
gap about 6 eV and then it may a good candidate as a supporting dielectric substrate for graphene-based nano devices.
Especially, the h-BN sheet has the similar bond structure as graphene with a slightly longer lattice constant. We present an ab
initio study of the atomic and electronic properties of graphene nanoribbons (GNR) on a hexagonal boron nitride (h-BN) sheet.
For the computation, we use the Vienna ab initio simulation package (VASP). The generalized gradient approximation (GGA)
in the form of the PBE-type parameterization is employed. The ionic pseudopotentials are described via the projector augmented
wave, and the cutoff energy for the plane-wave basis is set to 400 eV. Our calculations reveal that the localized states showat the
zigzag edge of the GNR on the h-BN sheet due to the flat band of the zigzag edge at the Fermi level and the localized states
rapidly decay into the bulk. The open-edged graphene with a large corrugation allows some space between the graphene and the
h-BN sheet. Therefore, atoms or molecules can be intercalated between graphene and h-BN sheet. We have considered various
types of atoms for intercalation. The inserted atoms are initially placed atthe edge or the middle ofthe graphene with the h-BN
sheet to find the effect of intercalated atoms on the atomic and electronic structure of graphene. We find that the impurity atoms
at the edge are more stable than at the middle between graphene and h-BN sheet in all cases we consider. In particular, the
nickel atom has the lowest energy difference of ~0.2 eV, which means that it is relatively easy to intercalate the Ni atom in this
structure.

DG-36

Seeing topological solitons at the nanoscale

KIM Tae-Hwan, YEOM Han Woong
Department of Physics, POSTECH.
While macroscopic and nontopological solitons are easily and
ubiquitously found, from tsunami to blood pressure pulses, microscopic
and topological solitons are hard to observe. For example, in conducting
polymer chains, such solitons were predicted theoretically to exist as
topological excitation from the degenerate charge-density wave
(CDW) ground states with strange spin and charge relationship while the
existence of the solitons were evidenced indirectly by the transport and
infrared spectroscopy measurements due to their high mobility and
nanometer dimension. In this work, we clearly image topological solitons in the CDW ground states of indium atomic wires
grown on a silicon surface by scanning tunneling microscopy [1-3]. These solitons exhibit a characteristic spatial variation of
the CDW amplitudes with a coherence length of about 3.5 nm (see the figure), as expected from the electronic structure. While
most of the observed solitons are trapped statically by nearby defects, moving solitons are also identified when they are trapped
transiently because of the interaction with the defects. This work will pave the avenue toward the nanoscopic exploitation of the
peculiar properties of the solitons. This work was supported by the NRF through the Center for Low Dimensional Electronic
Symmetry and the SRC Center forTopological Matter.
[1] H. W. Yeom et al., Phys. Rev. Lett. 82, 4898 (1999); [2] H. W.
Yeom and T.-H. Kim, Phys. Rev. Lett. 107, 019701 (2011); [3] T.-H. Kim and H. W. Yeom, Phys. Rev. Lett. 109, 246802
(2012).
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Antiferromagnetic ordering in Li2MnO3 single crystal with two dimensional honeycomb

lattice
,

2013.04.24-26, 대전컨벤션센터
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Li2MnO3 consists of a layered Mn honeycomb lattice separated by a
single layer of LiO6 octahedra along the c-axis. By using single crystal
Li2MnO3 samples, we have examined the physical properties and carried
out both powder and single crystal neutron diffraction studies to
determine that Mn moments order antiferromagnetically at TN=36 K with an ordered magnetic moment of 2.3 μB perpendicular
to the ab plane. We have also discovered that about 35% of the full magnetic entropy is released in the supposedly simple
paramagnetic phase, indicative of unusual spin dynamics at higher temperature.

DG-38*

The control of Morin transition temperature in a-Fe2O3(0001) film by eptiaxial strain
depending on the film thickness
,

1,

. 1
.
We grew a-Fe2O3(0001) epitaxial films (t=1~20nm) with Cr2O3 buffer layer onto Al2O3(0001) substrates using an oxide
molecular beam epitaxy. Fe L2 edge x-ray magnetic linear dichroism (XMLD) confirms the spin reorientation transition, the socalled Morin transition. Grazing incident diffraction (GID) and XMLD results show that strain states of a-Fe2O3(0001) films
and Morin temperatures systematically change from compressive to tensile strain and from 350 K to 200 K, respectively, as the
film thickness increses. The correlation between Morin temperature and strain state and the abnormal suppression of Morin
temperature in ultra-thin film below 3 nm can be explained by theoritical Artman, Murphy, and Foner model and finite size
effect.
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Annealing effect on unidirectional anisotropy of Fe thin film grown on GaAs substrate

CHOI Seonghoon, YOO Taehee, KYHM S.1, LEE Sanghoon, LIU X.2,
FURDYNA J. K.2
Physics Department, Korea University. 1Physics Department, Hanyang
University. 2Physics Department, University of Notre Dame.
Planar Hall effect (PHE) measurement, which is sensitive to the
direction of magnetization, are used to investigate the magnetic
anisotropy properties of single crystalline Fe thin film samples epitaxial
grown on GaAs (001) substrate. Samples are annealed at 200℃ in air, and
differ in annealing time. At room temperature, the two-step switching
behavior was observed in the field scan of planar Hall resistance (PHR).
This indicates the presence of two magnetic easy axes in the (001) plane
of Fe films caused by cubic anisotropy. The slight asymmetry in the
transition behavior crossing the [110] and [1-10] directions further
indicates influence of uniaxial anisotropy along the [110] direction.
Meanwhile, at low temperature, remarkable asymmetric hysteresis observed at low temperature. This asymmetry, based on
exchange bias effect, can be understood by introducing an unidirectional anisotropy field HUD. Temperature and annealing time
dependence of HUD are systematically investigated and quantitative analysis for magnetic anisotropy has been conducted by
using the angular dependence of Hall measurement based on the magnetic free energy model.

DG-40*
BAE Yu Jeong, LEE Nyun Jong, PRATT Andrew1, YAMAUCHI Y.1,
SOH Young-Ah2, AEPPLI Gabriel2, KIM Tae Hee
Department of Physics, Ewha Womans University, Seoul, Korea,
Republic of. 1National Institute for Materials Science, Tsukuba,
Japan. 2London Centre for Nanotechnology, London, United Kingdom.
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LuFe2O4 thin films by pulsed laser deposition : growth conditions and magnetic properties

JEONG Yoon-Hee, JUNG Min-Hwa
POSTECH, physics.
We have fabricated epitaxial LuFe2O4 thin films of single phase on sapphire substrates from a stoichiometric target using PLD.
The magnetic properties of the LuFe2O4 thin films match those of a single crystal, warranting the high quality. We particularly
emphasize the role of the process named as 'laser preconditioning', which allows the composition of the target to reach the
optimized ratio of Lu and Fe during growth. This preconditioning is required because of vastly different volatility of the two
elements, Fe and Lu, in the target

DG-42

Prediction of Maximum Energy Product (BH)max at Elevated Temperature for Strontium

Ferrite Magnet

HONG Yang-Ki, PARK Jihoon, AN Sung Yong1
Department of Electrical and Computer Engineering and MINT Center, The University of Alabama. 1Corporate R&D Institute,
Samsung Electro-Mechanics Co., Ltd..
Five different sublattices, 2a, 2b, 12k, 4f1, and 4f2, exist in hexagonal strontium ferrite (SrFe12O19: SrM). The electronic
structure of SrM was calculated based on the density functional theory (DFT) and generalized gradient approximation (GGA)
with Coulomb and exchange interaction effects (GGA+U). Three different effective Ueff values of 3.7, 7.0, and 10.3 eV were
used to calculate three sets of 21 exchange energies for 21 excited states. The Néel temperature (TN) was calculated at each Ueff
by the mean field approximation (MFA). It was found that when Ueff = 7 eV, the TN is 767 K, which is in good agreement with
the experimental TN of 750 K for SrM. Therefore, the exchange integral at Ueff = 7 eV was used to derive the Brillouin function
for each sublattice, which is the temperature dependence of magnetization M(T). The M(T) for the five sublattices are interrelated to the nearest neighbors, where the spins are mostly anti-ferromagnetically coupled. The total M(T) for SrM is the sum
over five sublattice M(T). The calculated total M(T) is in good agreement with the experimental M(T). Therefore, the
temperature dependence of maximum energy product (BH)max(T) was predicted using the calculated M(T). The calculated (BH)
value of 5.9 MGOe at 300 K is higher than the experimental values of 4.0 and 4.8 MGOe. This difference might be
attributed to incomplete magnetic alignment or existence of secondary non-magnetic phase in SrM. The M(T) derived in this
paper will serve as guideline for prediction of other substituted SrM magnets.
max
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Injection Locking of Spin Transfer Nano-Oscillators to a Microwave Current

KANG DooHyung, SHIN Mincheol
.
By employing macrospin simulations, we examine the synchronization effects of a spin transfer nano-oscillator (STNO)
subjected to injected ac current. It is found that the phase locking range is affected by amplitude of the injected signal as well as
the derivative of a free running frequency to the dc current, and the calculated results are well fitted to those of the nonlinear
auto-oscillator model for STNO. As dc bias increases, we find that the locking range is enlarged to the boundary of the in-plane
and out-of-plane motion, and then decreases to 10mA in our simulation conditions. Moreover, positive and negative locking
range have maximum values around the boundary of the in-plane and out-of plane motion. The numerical results are discussed
in comparison with the recent experiments.

DG-44

Characteristic behaviors of optical spectra and spin-orbit exciton in Jeff=1/2 Mott insulator

Sr2IrO4
KIM Beom Hyun, KHALIULLIN G.1, MIN B.I.
POSTECH. 1Max Planck Institute for Solid State Research.
Sr2IrO4 is best studied member of 5d Mott insulators, in which the strong spin-orbit (SO) coupling as well as the Coulomb

interaction is crucial for stabilizing the insulating state. Its 5d5 shell splits into half filled Jeff=1/2 and fully-occupied Jeff=3/2
state due to strong SO coupling. The narrow half filled Jeff=1/2 band tends to undergo a Mott transition under relatively small
Coulomb repulsion. Thus, it is referred to as Jeff=1/2 Mott insulator[1]. Strong SO coupling causes Sr2IrO4 to show intriguing
physical properties which do not appear in conventional 3d Mott insulators. The resonant inelastic scattering (RIXS)
experiments have observed higher energy broad peak at ~0.5-0.8 eV, termed SO exciton[2]. The optical conductivity (OC) of
Sr2IrO4 shows two peaks at ~0.5 eV and ~1.0 eV[1]. Simple interpretation based on picture of single-electron density of state
insists that the first peak was assigned to the transition from occupied to unoccupied Jeff=1/2 band, while the second peak to
that from occupied Jeff=3/2 to unoccupied Jeff=1/2 band. However, there has been no theoretical calculation of the OC taking
into account the many-electron multiplet structure of excited states.We have calculated the OC and RIXS spectra by the exact
diagonalization of a microscopic model on small clusters, fully incorporating the multiplet structure of Ir ions. Calculated RIXS
spectra reproduce the SO exciton mode. We also found that two peak structure of the OC arises from the unusual Fano-type
overlap between the electron-hole continuum of the Jeff=1/2 band and the intrasite SO exciton[3]. [1] B. J. Kim et. al., Phys.
Rev. Lett. 101, 076402 (2008); [2] J. Kim et. al., Phys. Rev. Lett. 108, 177003 (2012); [3] B. H. Kim, G. Khaliullin, and B. I.
Min, Phys Rev Lett, 109, 167205 (2012)
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First-principles study of carrier mediated ferromagnetism in MoS2

TSOGBADRAKH Namsrai, HONG Soon Cheol1
National University of Mongolia. 1University of Ulsan.
In the last few years, the two–dimensional (2D) layered molybdenum disulphide (MoS2) material has drawn attention due to
possibility to application to a spintronic device. A bulk MoS2 is diamagnetic due to the spin pairing of the 4d state of the Mo4+
ion. Zhang et al. first observed a weak magnetism (~1-2 emu/g) and 2.5% magnetoresistance effects with a Curie temperature of
685K in edge–oriented MoS2 nanosheet-like films1. More recently some more experimental groups observed a weak

ferromagnetic (FM) state at room temperature (RT)2-4. Raman measurement indicates the presence of zone edge phonon and Mo
valence higher than +4, which may come from isolated vacancies, vacancy clusters, formation of edge state, and lattice
reconstructions2. Tongay et al. attribute the ferromagnetism to the presence of zigzag edges within the grain boundaries3.
However, Han et al. did not observe any defect peaks on the Raman spectra and found that the magnetic ordering is strongly
dependent on the carrier concentration4. Here we present carrier concentration dependency of ferromagnetism of the MoS2
monolayer by adopting the system with different hole and electron dopping concentrations and hydrogenated, using the plane
wave self-consistent (PWscf) method within the generalized gradient approximation in the framework of DFT, as implemented
in the QUANTUM ESPRESSO package. (1) J.Zhang et.al., Nano Lett., 7, (2007), 2370. (2) S.Mathew et.al., Appl. Phys. Lett.,
101, (2012), 102103. (3) S.Tongay et al., Appl. Phys. Lett., 101, (2012), 123105. (4) S. W. Han, et al. (to be published).

DG-46

Spin Gap of Graphene and Spintronics of Graphene/BN/Co

HONG Jisang, HASHMI Arqum
Department of Physics, Pukyong National University.
Using the Vienna ab initio simulation package (VASP) we have explored structural and magnetic properties of
graphene/BN/Co(111) properties with the help of semi empirical and non-local van der Waals functional methods such as DFTD2, vdW-DF2, optPBE-vdW, and optB88-vdW. We have found that the buckling effect in BN layer is induced due to Co
substrate and this results in enhanced adsorption of graphene on BN/Co(111). Very interestingly, the graphene has an energy
gap only in one spin band owing to the influence of Co and an insulating state in BN layer adjacent to graphene is observed
when two monolayers (MLs) of BN is placed on Co layer. In addition, the Co layer displays half metallic state as well. This half
metallic feature in both Co and graphene implies that the graphene/BN/Co(111) can be utilized for ideal tunneling
magnetoresistance (TMR) structure because a high TMR ratio can be anticipated.
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Reversible oxidation states of Graphene/CuOx Nanojunction

1,
2,
3,
4,
2,
,
,
KAIST, Graduate school of EEWS. 1Ajou University, Department of Materials Science and Engineering. 2KAIST, Graduate
school of Nanoscience and Technology. 3University of Ulsan, School of Electrical Engineering. 4Pohang Accelerator
Laboratory, Beamline Research Division.
We report that the graphene/CuOx/Cu junction exhibits resistive switching behavior probed with conductive probe atomic
force microscopy (CP-AFM) in ultrahigh vacuum (base pressure is ~10-10 Torr). The current-voltage curve measured on the
junction revealed bi-stable reversible electrical states: high resistance state (HRS) and low resistance state (LRS). This
switching behavior is controlled by electromigration of oxygen ions (Ox-, x:1~2) on the copper oxide that is natively created
between the graphene and copper layer during graphene synthesis. The changes in the gradient of oxygen concentration at the
CuOx layer were investigated by the angle-resolved XPS analysis. The reversible change of disordering in the graphene
generated by oxygen electromigration was also observed with Raman spectroscopy. Breaking the translational symmetry of the
C\C sp2 bonds by the migrated oxygen resulted in a noticeable D band peak in the Raman spectra. However, the D band peak
was not completely reduced under reverse external bias, indicating a certain level of permanent oxygen bonding on the
graphene. First-principles density functional theory calculations suggested two distinct graphene\oxygen bonding configurations
i.e., (1) a most-stable epoxy-like bridged oxygen and (2) a meta-stable ketone-like on-top oxygen in a four-membered ring
configuration, which might be responsible for the irreversible and reversible oxidation states of graphene, respectively.

DG-48

Optical properties of iron-based superconductor LiFeAs single crystal

MIN Byeong Hun, HONG JongBeom1, AHMAD Dawood, YUN
JaeHyun2, IIZUKA Takuya3, KIMURA Shin-ichi4, BANG Yunkyu2,
KWON YongSeung
Daegu Gyeongbuk Institute of Science and Technology(DGIST),
Department of Emerging Materials Science. 1Sungkyunkwan University,
Department of Physics. 2Chonnam University, Department of
Physics. 3The Graduate University for Advanced Studie, School of
Physical Sciences. 4UVSOR Facility, School of Physical Sciences.
We have measured the reflectivity spectra of the iron based
superconductor LiFeAs (Tc = 17.6 K) in the temperature range from 4 to
300 K. In the superconducting state (T < Tc), the clear opening of the
optical absorption gap was observed below 25 cm-1, indicating an
isotropic full gap formation.
In the normal state (T > Tc), the optical conductivity spectra display a typical metallic behavior with the Drude type spectra at
low frequencies, but we found that the introduction of the two Drude components best fi ts the data, indicating the multiband
nature of this superconductor. A theoretical analysis of the low temperature data (T = 4 K < Tc) also suggests that two
superconducting gaps best fit the data and their values were estimated as delta1 = 1.59 meV and delta2 = 3.15 meV,
respectively. Using the Ferrell-Glover-Tinkham (FGT) sum rule and dielectric function, the superconducting plasma frequency
is consistently estimated to be 6,665 cm-1, implying that about 59 % of the free carriers in the normal state condenses into the
SC condensate.
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Enhanced Density of States via Co-Doping in Li(Fe1-xCox)As Single Crystals Implied by
Transport Properties

LEE Bumsung, KHIM Seunghyun, JEON Byung-Jo, PARK Ju-Young1, LEE Suk Ho1, CHOI Ki-Young, STEWART G. R.2,
KIM Kee Hoon
Department of Physics and Astronomy, Seoul National University. 1Southwestern Research Institute of Green Energy
Technology Foundation. 2Department of Physics, University of Florida.
LiFeAs is quite unique among Fe-based superconductors since it is superconducting with Tc ~ 18 K and does not exhibit a spindensity-wave transition in the pristine state without any chemical doping or external pressure. According to previous
experimental and theoretical study about its band structure [1], LiFeAs is a compensated metal with three hole-pockets and two
electron-pockets at Fermi energy and its transport properties are expected to be influenced by characteristic of both electronand hole-pockets such as carrier density and mobility. Recent report of Hall effect measurements also supports the picture of
compensated metal [2]. Substitution of Fe with Co, on the other hand, is known to introduce additional electron carriers into the
system, which result a change of the Fermi surface. In this respect, we investigate transport properties of Li(Fe1-xCox)As single
crystals (0 ≤ x ≤ 0.1) grown by the Sn-flux method [3], and report that the T2 coefficient of the resistivity A and the Sommerfeld
coefficient γN are found to increase abruptly near x = 0.06 upon the analysis of the Fermi-liquid behavior for the resistivity and
by using the Kadowaki-Woods relation. Our result might imply an enhancement of density of states at Fermi energy, expected
to be due to the collapse of the hole-pockets via Co-doping. It therefore suggests the Li(Fe1-xCox)As system remains as a
compensated metal in this doping range and the transport properties are determined by multi-band effects. [1] G. Lee et al.,
Phys. Rev. Lett. 109, 177001 (2012) [2] F. Rullier-Albenque et al., Phys. Rev. Lett. 109, 187005 (2012) [3] B. Lee et al.,
Europhys. Lett. 91, 67002 (2010)

DG-50

Ultrafast above-transition-temperature resurrection of spin density wave driven by coherent
phonon generation in BaFe2As2
LEE J.D., YUN Won Seok, HONG Soon Cheol1
Department of Emerging Materials Science, DGIST. 1Department of Physics & EHSRC, University of Ulsan.
A model incorporating time-dependent Ginzburg-Landau theory of ultrafast cooperative interplay among charge, spin, and
lattice is presented for the pnictide compound BaFe2As2.Under the ultrafast optical pumping, a pronounced spin-phonon
coupling is found to drive reconstruction of spin density wave (SDW) at T>TSDW (TSDW: SDW transition temperature) through
coherent phonon generation. Ab initio electronic structure calculation confirms that the macroscopically coherent A1g vibration
of As over a new equilibrium displacement brings about a change from nonmagnetic to antiferromagnetic SDW state.Our
finding explains the recent experimental observation.
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DG-51

Coherent Charge and Spin Excitation in Coexistent Phase of Antiferromagnetism and dwave superconductivity

LEE Hyun Jung, TAKIMOTO Tetsuya1
Korea Institute for Advanced Study, School of Physics. 1Hanyang
University, Department of Physics.
Electronic charges introduced in copper-oxide planes generate high Tc
superconductivity but, under special circumstances, they can also order
into filaments called stripes. Whether an underlying tendency towards
charge order is present in all copper oxides and whether this has any
relationship with superconductivity are, however, two highly
controversial issues. To uncover underlying electronic order, we look into
the low energy excitation in the coexistent phase of antiferromagnetism
and d-wave superconductivity, where the competition between the two
order parameters can yield strong spin and charge fluctuations to bring up
alternative types of instability. In our approach, the low energy
charge/spin excitation spectrum is obtained in terms of the RPA susceptibility, of which the irreducible components are obtained
from the Hubbard model consisting of the two mean-field terms of antiferromagnetism and d-wave superconductivity. As a
consequence, we find that coherent charge and spin excitation with incommensurate momenta appear in the coexistent phase
besides the antiferromagnetic goldstone modes. It is also shown that the momenta of the charge and the spin resonance modes
${\bf q}_c$ and ${\bf q}_s$ are connected by ${\bf q}_c-{\bf q}_s={\bf Q}=(\pi,\pi)$, each of which associated with the vanHove singularities situated near the antinodal points of the Brillouin zone $(0,\pm\pi)$ and $(\pm\pi,0)$.

DG-52*

Theoretical study on anisotropic magnetic exchange couplings in iron-based

superconductors

OH Hyungju, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University.
Iron-based superconductors exhibit many different antiferromagnetically
ordered ground states. An understanding of the magnetic exchange
couplings and ground-state Hamiltonian in the parent compounds of these
materials is important because such information could be the basis to
unveil the mechanism of unconventional superconductivity. By
performing first-principles calculations of the electronic and magnetic
properties with non-collinear spin configurations, we study the
anisotropic magnetic exchange couplings in iron-based superconductors.
Furthermore, we consider correlation effect, which is underestimated in
the standard density functional theory, and compare the results with ones
obtained by standard density functional method. We obtain magnetic
excitations using the anisotropic magnetic exchange couplings, and
compare the results with published inelastic neutron scattering data. This
work was supported by the NRF of Korea (Grant No. 2011-0018306). Computational resources have been provided by KISTI
Supercomputing Center (Project No. KSC-2012-C3-046).
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Synthesis, Stability and Structure of (Lu1-xCax)Ba2Cu3Oz (x = 0, 0.2) Compounds

LEE Ho Keun
Kangwon National University.
Among the several R-123-type (R= rare-earth element) superconductors,
it has been reported that LuBa2Cu3Oz (Lu-123) could not be prepared as
single-phase superconducting ceramics at temperatures between 900 and
980 ºC both in air and in pure O2. In this work, we report that nearly
phase-pure Lu-123 compounds can be formed within a narrow range of
oxygen partial pressure in the temperature range of 880 -900 ºC. It is also
found that the Lu-123 phase becomes unstable due to the structural
decomposition at temperature above 800 ºC both in N2 and in pure O2 of
1 atm. We also report the structural properties of the Lu-123 compound
studied by neutron diffraction method and compared it with that of the
(Lu1.8Ca0.2)Ba2Cu3Oz compound.

DG-55*

Pressure- and Temperature- Raman spectroscopy of Ba0.85Ca0.15Ti0.9Zr0.1O3

SEO Yu-Seong, AHN Jai Seok, JEONG Il-Kyoung1
Department of Physics, Pusan National University. 1Department of
Physics Education, Pusan National University.
Lead (Pb) -free relaxor ferroelectrics are attractive materials in
applications (sensor and actuator. Ba(Ti0.8Zr0.2)O3-x(Ba0.7Ca0.3)Ti0.8O3
systems have the highest piezoelectricity (d33 ~ 600 pC/N at x = 0.5)
among other relaxors. The physical properties in the relaxors are related
to a nano-scaled local structure. We report the structural changes in the
Ba0.85Ca0.15Ti0.9Zr0.1O3 (x = 0.5 and BCTZO) using the Raman
spectroscopy. The characteristic transitions of BCTZO were investigated
with pressure- (up to ~20 GPa) and temperature- (below 600 K) induced
Raman spectroscopy. The pressure-induced Raman spectra of BCTZO
shown three phase transitions with increasing pressure and its overall features were similar with BaTiO3 ones. Also, we found a
temperature-induced transition at Curie temperature (~ 380 K) in temperature-induced Raman spectra of the BCTZO.
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Octahedral tilting and phase transition in perovskite ASnO3
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DG-58*

Influence of Wall Thickness on Structural Properties of Sol-gel-derived Lead Titanate
Nanotubes Prepared by Spin-coating inside Porous Alumina
Membranes
,

,
,
,
,
.
The synthesis of ferroelectric nanostructure has remarkably explored
which causes their different size-dependent properties such as phase
transition and polarization compared with the properties of bulk ceramics.
According to researches base on the Landau-Ginzburg-Devonshire
theory, the properties of ferroelectric nanowires or nanotubes having
radial and tangential strain are enhanced as their diameter or wall
thickness decreases. In ferroelectric nanotubes, the research on the
properties is scarce because of the limited-size control strategies. Bernal et al. [Adv. Mater. 24 1160 (2012)] reported the
piezoresponse of wall thickness-controlled Pb(Zr,Ti)O3 nanotubes, however, the enhancement of the piezoresponse has not
observed as expected to the theoretical research. In order to confirm the theoretical research, wall-thickness-fine-tuning
synthesis of ferroelectric nanotubes is needed. In this work, we synthesized PbTiO3 nanotubes (PTO-NTs) with fine-tuned wallthickness at interval of 10 nm. The wall thickness was successfully controlled from 7 to 70 nm by adjusting conditions of spin
coating, solution molarity. The inset images of Fig. 1 indicated the PTO-NTs having the wall thicknesses of 10 nm (a) and 70
nm (b). As the wall thickness of PTO-NTs decreases, the tetragonality of PTO-NTs reduced from 1.0439 to 1.0280 which were
calculated from selected area electron diffraction patterns as shown in Fig. 1. The decrease of the tetragonality may be related to
relieve the radial component of strain field.

DG-59*
Films

Reversible and Irreversible Components in the Dielectric Permittivity of Ferroelectric Thin

,

,
.
Accurate description of domain wall motion in PZT film is very
important for their applications, because the extrinsic contributions are a
significant component in the measured piezoelectric and dielectric
response. In this work, we have investigated the reversible and
irreversible components in the dielectric permittivity of PZT thin films
using the Rayleigh relation. The PZT thin films were fabricated by
two kinds of method: one is a layer-by-layer (LBL) annealing and the other is a single annealing process. In the case of the LBL
annealing method, the sol-gel PZT solution was deposited onto the (111) Pt/Ti/SiO2/Si substrates by spin-coating with 3000 rpm
for 60 s. The spin-coated films were then dried at 200 °C for 2 min on a hot plate and subsequently pyrolyzed at 400 °C for 5
min in air and annealed at 700 °C for 30 min in O2 atmosphere. These steps were repeated several times to obtain the desired
film thicknesses. On the other hand, for the single annealing process method, after the multi-coated film was annealed only once
at 700 °C for 30 min in O2 atmosphere (i.e. each layer of this film was just pyrolyzed at 400 °C for 5 min in air without
annealing treatment). The dielectric permittivity of our samples could be analyzed by Rayleigh law, which is described
as e'=e'int+a'Eac , where, e' is the dielectric constant, e'int is the reversible Rayleigh coefficient, a' is the irreversible Rayleigh
coefficient. Reversible polarization was obtained from C-V curves and is shown in Fig.1 for the PZT films fabricated by LBL
annealing process. It was found that the point of positive saturation the reversible polarization increased with increasing coating
layers.
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Control of charge transport using divalent cation in epitaxial gallium ferrite thin films

JO W., OH S.H., SHIN R.H., LEFEVRE C.1, ROULLAND F.2, THOMASSON A.2, MENY C.2, VIART N.2
Ewha Womans University, Dept. of physics. 1Ewha Womans University, Dept. of physics/University of Strasbourg-CNRS,
Institute of Physics and Chemistry of Materials of Strasbourg. 2University of Strasbourg-CNRS, Institute of Physics and
Chemistry of Materials of Strasbourg.
Gallium ferrite, (Ga,Fe)O3 (GFO), is a pyroelectric and ferromagnetic material and recently known to be multiferroic at room
temperature with substituting Ga by Fe [1,2]. However, it is difficult to measure separately the free carrier conduction with the
polarization switching of GFO thin films which is the key feature for ferroelectrics. Several attempts have been applied to
reduce down the free carrier contribution in GFO films [3,4]. In this study, we investigated the carrier transport behavior and
the charge conduction mechanism in epitaxial GFO thin films deposited on metallic oxide-coated single crystal SrTiO3
substrates by pulsed laser deposition. Local charge conduction of GFO thin films was studied by conducting atomic force
microscope. The polarization switching behavior of GFO thin films was shown by polarization-electric field curve and the
positive-up-negative-down method. Temperature-dependent carrier transports results supported a conduction mechanism that
charge transport of the GFO thin films is dominated by oxygen vacancies and hopping between Fe2+ and Fe3+ ions. [1]
Amritendu Roy et al., J. Phys.: Condens. Matter 23 (2011) 325902.[2] Daniel Stoeffler, J. Phys.: Condens. Matter 24 (2012)
185502.[3] M. Trassin et al., J. Mater. Chem. 19 (2009) 8876 [4] C. Lefevre et al., Appl. Phys. Lett. 100 (2012) 262904

DG-61

Ferroelectric Resistive Switching in BiFeO3 Nano-Island Based Switchable Diodes
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Ferroelectric-resistive memories based on ferroelectric diode and tunnel
junctions have demonstrated that it is possible to achieve high resistive
ON/OFF ratio, high speed and low write power with a high
reproducibility by controlling ferroelectric polarization. Here, we
explored the local charge conductions and their coupling with
ferroelectric polarization in highly oriented ferroelectric BiFeO3 (BFO)
nano-islands array by using conductive atomic force microscopy (CAFM)
and piezoresponse force microscopy (PFM). We observed a switchable
diode effect in BFO nano-islands grown on SrRuO3/SrTiO3 (SRO/STO)
substrate, which showed the direct correlation between rectification and
ferroelectric polarization directions. The rectification ratios reached a
maximum of ~500 at 0.6 V. BFO nano-islands also exhibited resistive
change with ON/OFF ratios as high as ~753 at a low reading voltage of
~0.5 V. These results suggest that BFO nano-islands with well-controlled domain structures can be a potential candidate for
ferroelectric-resistive memory elements with high resistive ON/OFF ratio, low power consumption and large capacity.
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DG-62

The Anomalies in the Heat Capacity and Ehrenfest Relation at the Ferroelectric Phase
Transitions of Rochelle Salt (NaKC4H4O6·4H2O)
LEE Kwang-Sei, OH In-Hwan1, PARK Garam1, PARK J. M. Sungil1
Department of Nano Systems Engineering, Center for Nano
Manufacturing, Inje University, Gimhae. 1Neutron Science Division,
Korea Atomic Energy Research Institute, Daejeon.
Rochelle salt (NaKC4H4O6·4H2O) is the original ferroelectric discovered
by Valasek in 1921. Despite this long history, little is known of the
dynamics of the two structural phase transitions that occur at the lower
phase transition temperature Tc,l ≈ -18 oC and the upper phase transition
temperature T c,u ≈ 24 oC, respectively. The heat capacity of Rochelle salt,
showing spontaneous polarization between Tc,l and T c,u has been studied
by many authors, but the results obtained so far have been contradictory. In some of the experiments a small positive or
negative anomaly at the upper and the lower phase transition temperature was observed. Conventional adiabatic calorimeter is
designed and constructed to be used for precise work only in a heating mode; it is generally used in a cooling mode in a
qualitative sense only. A scanning calorimeter can be used in both modes and because of its construction shows endothermic
and exothermic effects in both directions. Differential scanning calorimetry (DSC) is applied to the detection of ferroelectric
phase transition of Rochelle salt below onset of thermal decomposition near 45 oC. The weak exothermic anomaly is observed
near the lower transition only on heating, while no anomaly was seen near the upper transition on cooling and heating.
Therefore, no answer is addressed to whether or not the order of transitions of Rochelle salt is first- or second-order.

DG-63
systems

Effect of dimensionality on the conductance fluctuation behavior in hydrogenated graphene

CHOE Duk-Hyun, CHANG Kee Joo
Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon, Korea.
Recently, several experiments have shown that metallic graphene turns into an insulator even with low doses of hydrogen. The
origin of the metal-to-insulator transition is attributed to the localization induced by disorder. In the localized transport regime,
the conductance exhibits large sample-to-sample fluctuations and its behavior is generally described by the single parameter
scaling (SPS) theory of localization.In this work, we investigate the conductance fluctuation behavior in hydrogenated graphene
and graphene nanoribbons within the framework of the SPS theory. Based on the fact that the SPS theory strongly depends on
the dimensionality of system, we compare the results for quasi-one-dimensional (Q1D) graphene nanoribbons with those for
two-dimensional (2D) graphene. We gradually change the dimensionality from 2D graphene to Q1D graphene nanoribbon to
investigate the dimensional crossover behavior of conductance. We find that a transition from 2D to Q1D is only attainable
under limited conditions.
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From p-Wave Superconductors to Relativistic-Mott Insulators via Spin-Orbit Interaction in

Solids

DAMASCELLI Andrea
Department of Physics & Astronomy & Quantum Matter Institute, University of British Columbia, Vancouver, British Columbia
V6T 1Z1, Canada.
Spin-orbit coupling is essential to the quantum-mechanical description of atomic energy levels. Yet its most spectacular
consequences are found in the low-energy electronic structure of solids, where this atomic-like interaction plays a key role in the
emergence of some of the most unconventional quantum phenomena. In this talk I will show how spin and angle-resolved
photoemission spectroscopy, in combination with in-situ doping techniques, can be used to unveil the role of spin-orbit
interaction in the emergence of unconventional superconductivity in Sr2RuO4 [1,2] and relativistic Mott insulating behavior in
Na2IrO3 [3]. [1] M.W. Haverkort et al., Phys. Rev. Lett. 101, 026406 (2008). [2] C.N. Veenstra et al., Phys. Rev. Lett. in press,
arXiv:1205.4248 (2012). [3] R. Comin et al., Phys. Rev. Lett. 109, 266406 (2012).

DP-02

Jeff = 1/2 Physics of Ir-oxides: from Topological Insulator to Quantum Magnets

YU Jaejun, KIM Heung Sik1, KIM Choong H.2, JEONG Hogyun, JIN Hosub
Seoul National University. 1KAIST. 2Cornell University.
A novel Jeff=1/2 state of Ir-oxides has attracted much attention to the spin-orbit-coupling (SOC) physics, which is also crucial
in understanding topological insulators as well as multiferroic phenomenon. The Jeff=1/2 state in Sr2IrO4 was originally reported
as a unique manifestation of the SOC and on-site Coulomb (U) interaction effect in 5d transition metal oxides. When the
Jeff=1/2 state is embedded in a triangular lattice structure of Na2IrO3 and Li2IrO3, for examples, an interesting quantum phase
transition may emerge as a result of an interesting competition between local lattice distortion and spin-orbit coupling, which
control the degree of Jeff=1/2 components. We demonstrate that the Jeff=1/2 character is quite robust even in the presence of
strong trigonal fields and show that the electron correlation combined with strong SOC under a large crystal field present is
responsible for the observed peculiar electronic and magnetic properties. We predict a topological quantum phase transition
from normal to topological insulator in Na2IrO3, driven by the control of long-range hopping and trigonal crystal field. By finetuning the structural parameters in Ir-oxides, one can explore more interesting characteristics of transition metal oxides with
competing strong SOC and Coulomb correlation. Possible topological insulator and exotic magnetic phases suggest that Ir-oxide
and related systems can be an “interesting” playground for the study of the interplay between spin-orbit coupling and on-site
Coulomb interaction. This work is supported by the NRF Grant No. R17-2008-33-01000-0).
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Tuning Electronic Structures via Epitaxial Strain in Sr2IrO4 Thin Films

SEO Sung Seok (Ambrose)
Department of Physics and Astronomy, University of Kentucky, Lexington, KY 40506, USA.
The objective of this talk is to present epitaxial Sr2IrO4 thin-films grown on various substrates and their electronic structures as
a function of lattice-strains. Under tensile (compressive) strains, increased (decreased) Ir-O-Ir bond-angles are expected to
result in increased (decreased) electronic bandwidths. However, we have observed that the two optical absorption peaks near
0.5 eV and 1.0 eV are shifted to higher (lower) energies under tensile (compressive) strains, indicating that the electroniccorrelation energy is also affected by in-plane lattice-strains and interlayer-spacing. The effective tuning of electronic structures
under lattice-modification provides an important insight into the physics driven by the coexisting strong spin-orbit coupling and
electronic correlation.

DP-04

Spectroscopic investigation on the electronic structure of Na2IrO3

MOON Soonjae
Hanyang University, Department of Physics.
Strong spin-orbit coupling and the associated Jeff=1/2 electronic states in 5d iridates have been attracting great interest. Na2IrO3
is a particularly intriguing system. Initial theoretical studies suggest that in the strong spin-orbit-coupling limit Na2IrO3 may be
a candidate for topologically nontrivial system. Besides the spin-orbit coupling, there exist a couple of important competing
interactions that can affect the electronic structure, i.e., crystal field and anisotropic hopping interactions. The effects of
competing interactions and the resulting low-energy electronic states of Na2IrO3 still remain elusive. In this talk, we will discuss
the nature of the electronic structure of Na2IrO3 revealed in optical, x-ray absorption spectroscopy, and density-functionaltheory calculations data. We find that the competition between the above mentioned interactions leads to the states which are at
variance with the pure Jeff=1/2 ones.
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DP-05

Spin-Charge-Orbital Instabilities in 5d Transition-Metal Chalcogenides with Small or
Negative Charge-Transfer Energy

MIZOKAWA Takashi
Department of Complexity Science and Engineering, University of Tokyo, Chiba 277-8561, Japan.
Mott insulators in transition-metal compounds are classified into (i) Mott-Hubbard type where Mott gap is mainly determined
by the d-d Coulomb interaction U and (ii) charge-transfer type where the Mott gap is determined by the charge-transfer energy
D from the ligand p state to the d state [1]. Transition-metal chalcogenides tend to have small (or even negative) charge-transfer
energy D and exhibit interesting charge states. On the other hand, it has recently been established that complex orbital states are
realized in 5d transition-metal compounds due to the strong spin-orbit interaction (SOI) [2] and their exotic electronic states
have been attracting great interest. In this talk, I will discuss spin-charge-orbital instabilities in 5d transition-metal
chalcogenides with small D and strong SOI such as IrTe2 and Ta2NiSe5 on the basis of photoemission experiments and model
calculations. In metallic IrTe2, charge and orbital states can be analyzed using an orbitally-induced Peierls picture [3]. The bond
order proposed by Pyon et al. [4], the nesting mechanism proposed by Yang et al. [5], and the Te 5p order proposed by Fang et
al. [6] were examined on the basis the photoemission results [7]. As for Ta2NiSe5, which is proposed to be an excitonic
insulator in the BEC regime [8], we discuss possibility of complex excitonic state due to the strong SOI. The present work has
been done in collaboration with D. Ootsuki, Y. Wakisaka,
T. Sudayama, N. L. Saini, M. Horio, T. Yoshida, A. Fujimori, K.
Takubo, G. Levy, A. Damascelli, G. A. Sawatzky, M. Arita, H. Namatame, M. Taniguchi, N. Katayama, S. Pyon, K. Kudo,
M. Nohara, H. Takagi, and D. I. Khomskii. [1] J. Zaanen, G. A. Sawatzky, and J. Allen, Phys. Rev. Lett. 55, 418 (1985). [2] B.
J. Kim et al., Phys. Rev. Lett. 101, 076402 (2008). [3] D. I. Khomskii and T. Mizokawa, Phys. Rev. Lett. 94,156402 (2005). [4]
S. Pyon, K. Kudo, and M. Nohara, J. Phys. Soc. Jpn. 81, 053701 (2012). [5] J. J. Yang et al., Phys. Rev. Lett. 108, 116402
(2012). [6] A. F. Fang et al., Scientific Reports 3, 1153 (2013). [7] D. Ootsuki et al., Phys. Rev. B 86 (2012) 014519. [8] Y.
Wakisaka et al., Phys. Rev. Lett. 103, 026402 (2009).

DP-06

Rashba Spin-Orbit Coupling And Orbital Chirality In Magnetic Bilayers

PARK Jin-Hong, KIM Choong H.1, LEE Hyun-Woo2, HAN Jung Hoon
Department of Physics, Sungkyunkwan University. 1Cornell University. 2Department of Physics, Pohang University of Science
and Technology.
Recent experiments raised the possibility that a sizable magnitude of Rashba-like spin-orbit coupling may exist at the interface
between an ultrathin magnetic layer (such as Co) and a non-magnetic beavy metal layer (such as Pt or Ta). In this talk, we aim
to illucidate the key elements for strong Rashba spin-orbit coupling and also qualitative features, which differ from orthodox
Rashba spin-orbit coupling in semiconductor heterostructures or in metal surfaces. In particular, we demonstrate that the orbital
degree of freedom is an important element for the Rashba-like spin-orbit coupling in such magnetic bi-layer systems.
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Role of d orbitals in the Rashba-type spin splitting for noble-metal surfaces

CHOI Hyoung Joon
Department of Physics, Yonsei University, Seoul, Korea.
We investigate the Rashba-type spin splitting in sp-derived Shockley surface states on (111) surfaces of noble metals, such as
Au(111) and Ag(111), based on first-principles calculations including the spin-orbit interaction. By turning on and off ldependent spin-orbit coupling one by one, we find that although the surface states on Au(111) have predominantly p-orbital
character, the spin splitting in energy originates mainly from d-orbital character of the surface states. We also demonstrate that
the spin splitting in surface states of both metallic surfaces of Au(111) and Ag(111) can be controlled by varying the sizes of dorbital parts of the surface-state wave functions. These results show that in addition to difference in the atomic spin-orbit
strength in Au and Ag, difference in d-orbital contributions to the surface states makes substantial difference in the sizes of the
Rashba-type spin splitting in their surface electronic structures. This work was supported by NRF of Korea (Grant No. 20110018306) and KISTI supercomputing center (Project No. KSC-2012-C3-046).

DP-08

Quantum oscillations of a metallic triangular-lattice antiferromagnet, PdCrO2

KIM Jun Sung, OK Jong Mok, JO Y. J.1, KIM K, SHISHIDOU T2, CHOI E. S.3, NOH Han-Jin4, OGUCHI T.5, MIN B.I.
Department of Physics, POSTECH. 1Department of Physics, Kyungpook National University. 2ADSM, Hiroshima
University. 3National High Magnetic Field Laboratory. 4Department of Physics, Chonnam National University. 5ISIR, Osaka
University.
We report the de Haas-van Alphen (dHvA) oscillations and first-principle calculations for triangular lattice antiferromagnet
PdCrO2 showing unconventional anomalous Hall effect (AHE). The dHvAoscillations in PdCrO2 reveal presence of several 2
dimensional Fermi surfaces of smaller size thanfound in nonmagnetic PdCoO2. This evidences Fermi surface reconstruction due
to the non-collinear120o antiferromagnetic ordering of the localized Cr, consistent with the first principle calculations.The
temperature dependence of dHvA oscillations shows no signature of additional modificationof Cr spin structure below TN.
Considering that the 120o helical ordering of Cr spins has a zeroscalar spin chirality, our results suggest that PdCrO2 is an rare
example of the metallic triangularantiferromagnets whose unconventional AHE can not be understood in terms of the spin
chiralitymechanism.
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Beyond DFT: density matrix functional theory for ground state and excited state energy

surfaces

BAERENDS Evert Jan
WCU Program, Pohang University of Science and Technology & Theoretical Chemistry,Vrije Universiteit, Amsterdam, The
Netherlands.
Density functional theory (DFT) owes its success primarily to affording high efficiency in the calculations, combined with quite
reasonable accuracy. The high power ab initio methods scale too poorly with system size, the (semi-)empirical classical force
field or heavily parametrized quantum methods still fall short of the desired accuracy. But DFT also meets with important
problems. The accuracy is not guaranteed, each of the many functionals has its failure cases, and their increasing number is
ominous in itself. Energies away from equilibrium geometry - energy surfaces - are problematic, both in ground state and
excited states. In the calculation of response properties with TDDFT, there are grave errors when one tries to construct excited
state potential energy surfaces: upon stretching of bonds the excitation energy becomes totally wrong [1], the adiabatic TDDFT
method fails to describe doubly excited character [2], and fails for charge transfer transitions. In this contribution we will focus
on how density matrix functional theory can provide a solution to the TDDFT problems for excited state surfaces. Linear
response theory applied to the one-particle reduced density matrix (1RDM) affords a formalism, that, within the adiabatic
approximation, yields the excitation energies with a single diagonalization of the (inverse) density matrix - density matrix
response matrix. [3] We will demonstrate that the size of this diagonalization problem can be reduced to only slightly larger
than the one of TDDFT, while still yielding essentially accurate solutions for all the failure cases of TDDFT mentioned above.
[4] 1. K. J. H. Giesbertz, E. J. Baerends, Chem. Phys. Lett. 461 (2008) 3382. K. J. H. Giesbertz, E. J. Baerends, O. V.
Gritsenko, Phys. Rev. Lett. 101 (2008) 0330043. K. J. H. Giesbertz, O. V. Gritsenko and E. J. Baerends, Phys. Rev. Lett. 105
(2010) 013002; J. Chem. Phys. 133 (2010) 1741194. K. J. H. Giesbertz, O. V. Gritsenko and E. J. Baerends, J. Chem. Phys.
2012, 136, 094104/1-12.

DP-10
Calculation

Symmetric Tensor Decomposition Approach to the Full Configuration Interaction

SUGINO Osamu
The Institute for Solid State Physics, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581 Japan.
Reliable prediction of the electronic structure of a material is a central topic of physics and chemistry. Density functional theory
(DFT) has long been accepted as the standard tool, but one often needs to go beyond DFT for higher accuracy. The quantum
monte carlo (QMC) and the many-body perturbation methods are the typical post-DFT tool, while we discuss here a possible
wavefunction method, which is called the symmetric tensor decomposition (STD) configuration interaction (CI) method [1].
The STD-CI rearranges the CI series into a rapidly converging series, thereby greatly reducing the need for computational time
and memory size. STD-CI, like the tensor-network method or the density-matrix renormalization group (DMRG) method, is
based on tensor decomposition method for compact representation of the wavefunction. STD-CI can be easily combined with
DMRG. We provide numerical results applied to small molecules and clusters, and discuss possible extension to larger systems
or solids. [1] W. Uemura and O. Sugino, Phys. Rev. Lett. 109, 253001 (2012).
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Self-energy-corrected scattering-state approach for electronic transport in molecular

junctions

CHOI Hyoung Joon
Department of Physics, Yonsei University, Seoul, Korea.
First-principles scattering-state approach for electronic transport is an efficient method to perform transport simulations of
several hundred atoms. For electronic transport through molecular junctions, the conventional density functional method with
LDA or GGA is not accurate enough to describe molecular energy levels from the Fermi energy of metallic contacts. To achieve
the required accuracy, the self-energy correction to the molecular energy levels is necessary. Here we consider a GW-based selfenergy correction, and obtain both electrical and thermal transport properties of single-molecular junctions. The calculated
conductance and thermopower of molecular junctions are in good agreement with available experimental data, demonstrating
the validity of our theoretical description of molecular junctions. We also extend our self-energy correction method for
nonlinear electronic transport at finite bias voltage. This work was supported by NRF of Korea (Grant No. 2011-0018306) and
KISTI supercomputing center (Project No. KSC-2012-C3-046).

DP-12

Searching for high functional energy materials using multi-scale computing combined with
ab-initio density functional theory
HAN BYUNGCHAN, SEO MIN-HO, KANG JUNHEE, SEUNGHYO NOH, JOONKYO SEO
DGIST,
.
Limited amount of energy reservoir and environmental degradation issue caused by conventional fossil fuels have been a major
driving force to the development of renewable energy based technologies. Searching for high functional energy materials is the
key factor to determine commercially successful deployment of the technologies. As such, demanding on novel methodologies
which can accurately and fast sort out the most promising candidate materials has been ever increasing.This presentation shows
a multi-scale computational approach to identify high functional materials for hydrogen fuel cell catalysts, Li-ion batteries and
pyro-processing systems of nuclear spent fuels. The methodologies substantially depend on the first principles density
functional theory (DFT) calculations to acquire reliable materials properties. Once the database is accurately secured statistical
techniques efficiently explore the materials space to create desired candidates. The conventional ab-initio DFT calculations,
however, sometimes turned out to produce unsatisfied results in those applications. The limitation of such cases and specific
requirements on future DFT development will be addressed on this talk.
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DP-13

Critical effects of localized atomic basis sets on the first-principles quantum conductance
calculations: A case of graphene-based nano gaps

KIM Yong-Hoon, KIM Han Seul, KIM Hyo Seok
Graduate School of EEWS, KAIST.
In the past decade, first-principles quantum charge transport calculations
based on density-functional theory (DFT)-based non-equilibrium green’s
function (NEGF) formalism have become one of the most powerful and
routine computational tools, partly thanks to the availability of
commercial and open-source codes. The DFF-NEGF approach by its
nature starts from the Hamiltonian matrices constructed based on spatially
localized atomic-like bases sets. However, while the critical role of the
quality of localized basis sets on the accuracy of DFT calculations is wellestablished, similar study in view of quantum charge transport
calculations has never been carried out. In this presentation, by
considering charge transport through molecules bridging to graphene
nanoribbons at various accuracy levels of atomic-like basis sets, we
demonstrate even more dramatic effects of basis set quality on the
quantum charge transport calculations.

DP-14

Highly accurate density-functional methods based on the adiabatic-connection dissipationuctuation theorem
GÖRLING Andreas, HEßELMANN Andreas, BLEIZIFFER Patrick
Lehrstuhl für Theoretische Chemie, Universität Erlangen-Nürnberg.
A new generation of density-functional methods based on orbital-dependentexchange-correlation functionals is presented. The
exchange energy and the localmultiplicative exchange potential, not to be confused with the nonlocal Hartree-Fock exchange
potential, are treated exactly. Functionals for the correlationenergy are derived from the adiabatic-connection dissipationuctuation theoremvia time-dependent density-functional theory. In the latter either the simpleCoulomb kernel or the Coulomb
kernel plus the full frequency-dependent exactexchange kernel is employed, leading to the correlation energy either in
thestraightforward direct random phase approximation (dRPA) or in an approximationtermed exact-exchange RPA (EXXRPA).
In the self-consistent calculation ofthe orbitals the correlation potential is either neglected or treated at the dRPAlevel. The new
methods, in particular those employing the EXXRPA correlationenergy, are shown to be highly accurate and, in contrast to
traditionaldensity-functional methods, to be well-suited for the treatment of Van-der-Waalsinteractions or situations
characterized by strong correlation.[References] A. Heelmann and A. Gorling, Mol. Phys.108, 359 (2010).A. Heelmann and A.
Gorling, Phys. Rev. Lett. 106, 093001 (2011).A. Heelmann and A. Gorling, Mol. Phys. 109, 2473 (2011).P. Bleizi er, A.
Heelmann, and A. Gorling, J. Chem. Phys. 136, 134102 (2012).
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Using 2D nanodevices to detect biomolecules

AMORIM Rodrigo G., SCHEICHER Ralph H.
Division of Materials Theory, Department of Physics and Astronomy,
Uppsala University, Sweden.
The basic concept of sensing can be understood as a change in the
electrical conductance of a particular device. When we are interested in
detecting molecular systems, where Ohm's law is no longer valid because
the scale of the system approaches the same size as the mean free path of
electrons, another theory needs to be employed to treat this type of problem. We used density functional theory (DFT)
combined with the non-equilibrium Green's function (NEGF) method to study quantum transport properties of individual DNA
nucleobases in a graphene gap. We will show how to in principle identify the different nucleobases (A, C, G, T) with such a
graphene nanogap device (see top figure) and how we can improve the sensing of these devices, in particular using different
graphene edge functionalizations such as nitrogen and boron.
Furthermore, we are studying other 2D material such as
Silicene for sensing device applications. In that case, as we can see in the lower figure, the nucleobases are adsorbed on the 2D
material and it is therefore extremely important to accurately describe the interaction between the device (here: silicene) with
the bio-molecules (here: the nucleobases A, C, G, and T). The standard DFT methods with local exchange correlation potential
approximations cannot properly describe the typical long-range interaction important in these types of physisorbed systems. We
will show results from our studies of nucleobases on top of silicene employing an approximation which incorporates van der
Waals corrections and the associated transport calculations including this correction to the interaction energy. Intriguingly,
despite the weak interaction between nucleobases and silicene, considerable changes in the transmittance at zero bias are
predicted by us. This opens up the possibility to utilize silicene as an integrated-circuit bio-sensor as part of a lab-on-a-chip
device.

DP-16

DNA sequencing with nanopores explored using advanced ab initio methods

SCHEICHER Ralph H.
Division of Materials Theory, Department of Physics and Astronomy, Uppsala University, Sweden.
Electrical sequencing using tiny openings in membranes, called “nanopores”, might offer a fast and inexpensive opportunity to
determine the order of nucleobases in a DNA molecule. Two main technical issues need to be overcome: achieving singlenucleobase resolution and slowing down the DNA translocation speed [1]. On the one hand, functionalization of nanoporeembedded gold electrodes with one [2] or two types of molecules [3] (see the upper figure) might address both these issues
simultaneously, but is difficult to implement in practice. On the other hand, the fabrication process of nano-pores in graphene
could readily introduce more simple edge-functionalization in the form of hydrogen atoms saturating the dangling bonds
resulting from cutting the carbon network (see the lower figure). A range of computational tools and ab initio methods can be
used to determine from first principles the electronic structure and quantum transport properties of individual nucleotides or
short DNA strands in realistic models of such nanopore-based sequencing device set-ups. In this manner, we were able to
explore the effects of the temporary formation of weak hydrogen bonds between hydrogenated graphene edges and suitable
atomic sites in the nucleotides on the static [4] and dynamic [5] transport properties of this system. [1] R. H. Scheicher, Anton
Grigoriev, Rajeev Ahuja, Journal of Materials Science 47, 7439 (2012). [2] Haiying He, Ralph H. Scheicher, Ravindra Pandey,
Alexandre Reily Rocha, Stefano Sanvito, Anton Grigoriev, Rajeev Ahuja, Shashi P. Karna, Journal of Physical Chemistry C
112, 3456 (2008). [3] Biswarup Pathak, Henrik Löfås, J. Prasongkit, Anton Grigoriev, Rajeev Ahuja, Ralph H. Scheicher,
Applied Physics Letters 100, 023701 (2012). [4] J. Prasongkit, A. Grigoriev, B. Pathak, R. Ahuja, R. H. Scheicher, Nano Letters
11, 1941 (2011).[5] Yuhui He, Ralph H. Scheicher, A. Grigoriev, R. Ahuja, S. Long, Z. L. Huo, Ming Liu, Advanced
Functional Materials 21, 2674 (2011).
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Inelastic transport from first-principles: maximally localized Wannier function approach

KIM Sejoong
Korea Institute for Advanced Study.
We present a first-principles inelastic quantum transport approach in nanoscale systems. We first discuss non-equilibrium
Green’s function method for quantum transport based on maximally localized Wannier functions (MLWF), especially focusing
on the implementation of the MLWF approach in WANNIER90. Interactions with local vibrations can be included in the
formalism by calculating electron-vibration self-energies. We discuss diagrammatic calculations of electron-vibration selfenergies and inelastic transport properties.

DP-18

GW methods within VASP: test on oxides

KANG Youngho, KANG Gijae, HAN Seungwu
Department of Materials Science and Engineering and Research Institute of Advanced Materials, Seoul National University.
The energy gap is a fundamental quantity in semiconductors and insulators and hence defines many physical properties such as
optical property and conductivity. The energy gap can be easily computed within the popular density functional theory (DFT)
calculations. Unfortunately, the lack of derivative discontinuity and unphysical self-interaction inherent in the conventional
local density or generalized gradient approximations cause the energy gap from Kohn-Sham eigenvalues to lie much lower than
the correct quasi-particle energy gaps. To overcome this problem, several advanced schemes have been developed such hybrid
functionals, metaGGA, screened exchange, and GW methods. Among them, the GW method is receiving an increasing attention
as the method is parameter-free and has produced very accurate optical properties of various materials. However, due to the
sheer computational cost, the GW method has not been applied to a wide range of materials. In this presentation, we report on
our tests of the full-blown GW method implemented into VASP, in particular to the oxide materials with transition and posttransition cations. We also discuss on the accuracy and validity of various levels of self-consistency within the GW methods.

- 151 -

2013 봄 학술논문발표회 및 제89회 정기총회

DP-19

2013.04.24-26, 대전컨벤션센터

Energy Minimization for Orbital-Density-Dependent Energy Functionals

PARK Cheol-Hwan
Seoul National University, Department of Physics and Astronomy and Center for Theoretical Physics.
One of the biggest problems of the conventional application of density functional theory, for example in the local density
approximation, is that an electron interacts with itself, resulting in a false delocalization of electron wavefunctions, etc. There
have been attempts to modify conventional density functional theory by taking out the energy contribution arising from such a
self interaction (e.g., Ref. [1]). A problem in this case is that the energy functional depends not only on the total charge density
but also on the orbital charge density of each orbital, which makes the energy minimization problem much harder. We have
separated the energy minimization process into two [2]: (1) outer-loop minimization of finding occupied orbital wavefunctions
and (2) inner-loop minimization of finding an optimal linear transformation among the given orbitals, and made the whole
process faster. ([1] J. P. Perdew and A. Zunger, Phys. Rev. B 23, 5048 (1981). [2] C.-H. Park, A. Ferretti, I. Dabo, N. Poilvert,
and N. Marzari, in preparation.)

DP-20
,

Anomalous Optical Phonon Splittings in Bilayer Graphene under Shear
1,

KIAS. 1
,
.
We study first-principles calculations of long wave-length optical phonon
modes in response to sub-atomic sliding of graphene layers in bilayer
graphene under shear. We find that the optical phonons behave in very
anomalous ways depending on the direction and size of the sliding.
Doubly-degenerate infrared-active modes are immediately split into two
modes upon sliding, which change independently depending on the
direction and size of the sliding. In contrast, doubly-degenerate Ramanactive modes do not change their frequencies at all for all sliding
configurations. The origin of these behaviors is identified using effective
model Hamiltonian that accounts for the phonon renormalization by
interlayer couplings. Moreover, we show that changes in the crystal
symmetry due to the sliding affect the polarized Stokes Raman scattering
intensity significantly so that tiny misalignments of graphene layers can
be detected by spectroscopic tools.
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Coffee-Ring Effect and Self-Pinning Mechanism

WEON Byung Mook, JE Jung Ho1
Sungkyunkwan University. 1Pohang University of Science and Technology.
Colloidal particles suspended in a fluid usually inhibit complete wetting of the fluid on a solid surface and cause pinning of the
contact line, known as self-pinning. As commonly seen in coffee stains, self-pinning by solute confinement at a three-phase
(liquid-solid-vapor) contact region is an important phenomenon that governs droplet evaporation kinetics and the well-known
coffee-ring effect. Self-pinning by solutes is a basic requisite for the coffee-ring effect and is believed to be driven by surface
imperfection or solute accumulation. We show differences in spreading and drying behaviors of pure and colloidal droplets
using optical and confocal imaging methods. These differences come from spreading inhibition by colloids confined at a contact
line. We propose a self-pinning mechanism based on spreading inhibition by colloids. We find a good agreement between the
mechanism and the experimental result taken by directly tracking individual colloids near the contact lines of evaporating
colloidal droplets. (Ref: B. M. Weon & J. H. Je, Phys. Rev. Lett. 110, 028303 (2013)).

FF-04( )

Single-molecule FRET beyond the FRET range: Bending of dsDNA upon binding of
Anabaena sensory rhodopsin transducer
KIM Sung Hyun, AHN TakKyoon, KIM So Young1, JUNG KwangHwan1, KIM Doseok
Sogang University, Department of Physics. 1Sogang University,
Department of life science.
Single-molecule fluorescence resonance energy transfer (smFRET) has been used to monitor the intra-molecular changes of
DNA or proteins. Practically, the structure information of the macromolecule is required to precisely label the molecules with
two fluorescence dyes. The structure information is, however, often not available, which limits the FRET technique from
application. In this study, we applied a recently developed single-molecule cyclization assay, to monitor the structural change of
double stranded DNA upon binding of Anabaena sensory rhodopsin transducer (ASRT), a novel signal transducer protein
involved in photo-sensory and light harvesting system in bacteria whose DNA-bound structure is unknown. We first labeled the
two ends of a linear double stranded DNA with a FRET pair, from which the distance between the two ends can be estimated
after binding of ASRT. However, FRET would occur only if the two ends are in the FRET range (typically a few nanometers),
which cannot be guaranteed without given the structure. To overcome this problem, we placed complementary single stranded
tails at the two ends of the DNA, so that the tails may interact and bind to each other and bring the two ends in close proximity.
We observed the enhanced loop formation of DNA (~100 bp) upon binding of ASRT, which suggests that ASRT regulates gene
expression by facilitating loop formation of the dsDNA around itself.
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Water Phases and Protein Dynamics at Cryogenic Temperatures

KIM CHAE UN
Cornell University, Cornell High Energy Synchrotron Source.
Hydrated proteins are known to undergo a dynamical transition at
around 200 K. Several mechanisms have been proposed but the
underlying mechanism, physical origin and relationship to water remain
controversial. We studied protein dynamics inside high-pressure
cryocooled protein crystals and observed a protein dynamical transition as
low as 110 K (Figure). This unexpected protein dynamical transition
precisely correlated with the cryogenic phase transition of water from high-density amorphous to low-density amorphous state.
The results provide new insights into the underlying mechanism of protein dynamical transition and its relationship with the
unusual physical properties of supercooled water.

FF-06( )

Single-molecule DNA curtains reveal the biophysical properties and biological roles of DNA
translocase FtsK
LEE Ja Yil, FINKELSTEIN Ilya J., CROZAT Estelle1, SHERRATT David J.1, GREENE Eric C.2
Columbia University, Biochemistry and Molecular Biophysics. 1Oxford University, Biochemistry. 2Columbia University,
Biochemistry and Molecular Biophysics and Howard Hughes Medical Institute.
FtsK, a hexameric DNA translocase, plays an important role in E. coli chromosome segregation, in which FtsK resolves the
two entangled daughter chromosomes by aligning two site-specific recombination sites called dif and activating XerC/D
recombinases. To align the two dif sites, the orientation of FtsK translocation is guided by a short DNA sequence called KOPS.
The interaction between FtsK and KOPS and the translocation of FtsK were investigated using single-molecule DNA curtains
technique. FtsK specifically binds KOPS, and non-hydrolysable nucleotides enhance the binding. Moreover, we reveal that the
KOPS binding directs the orientation of FtsK translocation. In the presence of ATP, FtsK rapidly translocates along doublestranded DNA with transient pauses and sometimes changes its direction regardless of KOPS, suggesting that FtsK does not
recognize KOPS during the translocation. Furthermore, we examined the collision of FtsK with various protein roadblocks
including XerC/D. Interestingly, the FtsK changes its direction and bypasses the roadblocks and can also push them along the
DNA. Our results help understand how FtsK can accomplish its biological role in the crowded environments expected in
physiological conditions.
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Structural and Orientational Study of Molecular Wires of Discotic Liquid Crystal

PARK Ji Hyun, LABARDI Massimilano1, TAKANISHI Yoichi2, YAMAMOTO Jun2, SCALIA Giusy3
Graduate School of Convergence Science and Technology, Seoul National University (Korea). 1CNR-IPCF, UOS Pisa
(Italy). 2Department of Physics, Graduate School of Science, Kyoto University (Japan). 3Graduate School of Convergence
Science and Technology, Seoul National University (Korea), Advanced Institutes of Convergence Technology (AICT).
Molecules wires are easily formed by the self organization of molecules with extended aromatic cores like the ones based on
triphenylene. We have shown that extra-long molecular wires can be formed and the wires align along a common direction. In
bulk our molecules can form columnar structures, exhibiting hexagonal arrangement perpendicular to the columns. Because of
π-π interaction between the molecular cores, charge transport along the columns becomes possible which, combined with the
large scale organization, is attractive for organic nano-electronic devices. Molecular wires form spontaneously after sample
preparation, even if varying deposition method. For very thin films, the molecular wires can be detected only by atomic force
microscopy (AFM). Understanding the type of arrangement of the molecules is fundamental because it affects the electronic
properties of the wires and their charge mobility. By monitoring the wire morphology as the temperature was changed, we have
observed a rearrangement of the structure with the formation of thicker films at higher temperature which might suggest the
formation of the hexagonal structure. In order to elucidate the exact structure of the wires forming after deposition, we have
combined the previous investigations with X-ray diffraction (XRD). In this way we could confirm a lattice molecular structure
perpendicular to the substrates, that means perpendicular to the wire direction. This finding is promising because it shows the
existence of a crystal order, sign of a general higher order within the molecular wires, relevant for an improved charge transport.
We have also used polarized Raman spectroscopy along and perpendicular to the fibers and observed a very strongly anisotropic
response, reflecting the much higher polarizability, thus charge mobility, along the long axis of the wires compared to the
perpendicular direction.

P1-D001*

Quantized Conductance in an InAs nanowire

RO Yungoo1, FUKUI Takashi1,
,
. 1Hokkaido University,
Graduate School of Information Science and Technology.
Ballistic one-dimensional electronic transport in semiconductor nanowire
plays an important role in creating topological state. Here we report
conductance quantization in an InAs nanowire as a hallmark of such onedimensional transport. The InAs nanowires were grown by the metalorganic vapor phase epitaxy method on graphene and contacted with 100nm-thick cobalt electrodes using e-beam lithography technique. At low
temperature below T = 20 K, three-terminal device of the InAs nanowire
exhibits quantized conductance steps with a unit of e2/h as a function of
back gate, where e is the electron charge and h is the Planck’s constant.
Magnetic field, temperature and bias voltage dependence of the
conductance steps are discussed as well.
,

,

1,
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P1-D002*

Crossed Andreev Reflection in Superconductor-Topological Superconductor Double
Josephson Junctions

LEE Minchul, KHIM Heunghwan1, CHOI Mahn-Soo1
Department of Applied Physics, Kyung Hee University, Korea. 1Department of Physics, Korea University, Korea.
We investigate the crossed Andreev reflection in superconductor-topological superconductor double junctions of the ring
shape. We find that due to the Majorana fermions formed at the interfaces between two topologically difference
superconductors the Cooper pairs are bound to be split when they tunnel between them. The resulting Josephson current exhibits
4Pi periodicity with respect to the magnetic flux through the ring and 2Pi periodicity with respect to the superconducting phase
difference. The magnitude of the current is determined by the relative ratio between the coherence length of the Cooper pairs,
the localization length of the Majorana fermions, and the wire length of superconducting part. This double junction can embody
the perfect crossed Andreev reflections and be used to measure the size of the wavefunction of the Cooper pairs.

P1-D003*

Observation of Josephson effect in S-TI-S proximity-coupled junctions

LEE Jae Hyeong, LEE Gil-Ho, NAM Seung-Geol, LEE Janghee, PARK Joonbum, SHIN Yun-sok, KIM Jun Sung, LEE HuJong
Pohang University of Science and Technology, Korea, Department of Physics.
Three-dimensional topological insulators (TIs) are characterized by the presence of an inverted band gap in their bulk and a
gapless Dirac band on their surfaces, which induce a topologically protected surface conducting layer. Recently, many
experimental schemes have been proposed to search for Majorana fermionic excitations [1] at an interface between an s-wave
superconductor and a TI, where spinless px+ipy superconductivity is expected to appear. In this study, as an initial step toward
searching for Majorana fermions, we fabricated S-TI-S proximity-coupled Josephson junctions and studied their electronic
transport properties at temperatures as low as ~10 mK. We used exfoliated Bi1.5Sb0.5Te1.7Se1.3 (BSTS) topological-insulator
single-crystal flakes [2], and Al as superconducting (S) electrodes with the inter-electrode spacing of 200 nm. We observed
surface-dominant conducting channels in BSTS [3] and a clear Josephson current for a bias current as high as 120 nA.
Modulation of the Josephson current in a perpendicular magnetic field, i.e., the Fraunhofer pattern, persists up to the
superconducting critical field of Al electrodes. These features strongly suggest the establishment of the Josephson effect via the
surface conducting channels of our BSTS TI single crystals. [1] L. Fu and C. L. Kane, Phys. Rev. Lett. 100, 096407 (2008).[2]
Z. Ren, A. A.Taskin, S. Sasaki, K. Segawa, and Y. Ando, Phys. Rev. B 84, 165311 (2011).[3] Janghee Lee and Hu-Jong Lee.
Phys. Rev. B 86, 245321 (2012).
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Graphene-based Andreev Interferometry – an Updated Report

KIM Minsoo, JEONG Dongchan, LEE Gil-Ho, SHING Yun-Sok, LEE Hyun-Woo, LEE Hu-Jong
Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Republic of Korea.
The interplay between superconductivity and the Dirac-fermionic nature of electronic states of graphene leads to unique phasecoherent transport when graphene is in proximity-contact with superconducting electrodes. Recent studies on superconductingproximity-coupled graphene systems, however, have mostly focused on the supercurrent flow in gate-tunable graphene-based
Josephson junctions rather than the quantum interference effect, although one would expect the latter, with high sensitivity to
the phase variation along the conducting path, may reveal the chiral phase characters of carriers in graphene. In this study, we
report an update of the previous observation of phase coherence in a monolayer graphene-based superconducting pair
interferometer consisting of a superconducting Al ring in contact with two ends of T-shaped graphene bar. The conductance
shows periodic oscillations with a Fraunhofer-like envelope as a function of a perpendicular magnetic field, which is
independent of the sample-specific impurity configuration in the graphene sheet. This demonstrates that the observed
Fraunhofer-type conductance modulation is the unique property of our graphene-based Andreev interferometer. The oscillations
arise from the flux change of periods h/2e through the superconducting Al ring with the envelope variation arising from the
magnetic flux threading the phase-coherence part of the graphene between the two graphene/Al interfaces. This interference
effect, associated with the presence of the superconducting electrodes, is highly sensitive to temperature and DC voltage bias,
with the gate tunability arising from the variation of the phase coherence length of graphene. The interplay between
superconductivity and the Dirac-fermionic nature of electronic states of graphene leads to unique phase-coherent transport when
graphene is in proximity-contact with superconducting electrodes. Recent studies on superconducting-proximity-coupled
graphene systems, however, have mostly focused on the supercurrent flow in gate-tunable graphene-based Josephson junctions
rather than the quantum interference effect, although one would expect the latter, with high sensitivity to the phase variation
along the conducting path, may reveal the chiral phase characters of carriers in graphene. In this study, we report an update of
the previous observation of phase coherence in a monolayer graphene-based superconducting pair interferometer consisting of a
superconducting Al ring in contact with two ends of T-shaped graphene bar. The conductance shows periodic oscillations with a
Fraunhofer-like envelope as a function of a perpendicular magnetic field, which is independent of the sample-specific impurity
configuration in the graphene sheet. This demonstrates that the observed Fraunhofer-type conductance modulation is the unique
property of our graphene-based Andreev interferometer. The oscillations arise from the flux change of periods h/2e through the
superconducting Al ring with the envelope variation arising from the magnetic flux threading the phase-coherence part of the
graphene between the two graphene/Al interfaces. This interference effect, associated with the presence of the superconducting
electrodes, is highly sensitive to temperature and DC voltage bias, with the gate tunability arising from the variation of the phase
coherence length of graphene.

P1-D005*

Numerical Simulation of the Surface Current Profile in a Topological Insulator in
Comparison with Experimental Results
LEE Janghee, LEE Jae-Hyeong, PARK Joonbum, KIM Jun Sung, LEE Hu-Jong
Department of Physics, POSTECH, Korea.
A contrasting difference between a topological insulator (TI) and an ordinary band insulator lies in whether a surface conducting
channel exists even with the Fermi level lying within the bulk energy gap. In contrast with a band insulator, the surface
conducting channel of a TI is topologically protected as long as the time-reversal symmetry is preserved. In addition to the
coexistence of the surface conducting channel and the bulk energy gap, which is a very exotic property by itself, the nondegenerate helical spin texture of the surface state of a TI proposes a number of interesting physical issues to be explored. For
this reason, many efforts have been made to directly probe the surface current in a TI system. In this study, we report results of a
numerical simulation of the current flow in a topological insulator, obtained using COMSOL Multiphysics finite-element
software [1], in comparison with our pre-reported experimental results [2]. As the bulk conductivity decreases in a thin (~100nm-thick) TI flake, our simulation shows that a significant portion of current flows through the bottom conducting channels via
side surfaces. This indicates that the surface electrical resistance of a TI crystal cannot be simply determined from the potential
difference obtained between two voltage probes placed on the top surface of a TI. Our results give important information about
the profile of surface current in a thin TI flake. [1] COMSOL, http://www.comsol.com [2] J. Lee, J. Park, J.-H. Lee, J. S. Kim,
and H.-J. Lee, Phys. Rev. B 86, 245321 (2012).
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P1-D006*

2013.04.24-26, 대전컨벤션센터

Strong confinement in a bosonic graphene system

PARK Sul-Ah, SON Young-Woo1, AHN Kang-Hun
Department of Physics, Chungnam National University. 1KIAS.
We investigate eigenstates of a deformed bosonic graphene which might be realized in optical lattices or cold atom arrays. We
find, in a zigzag graphene nanoribbon, a uniaxial "strain" causes strong confinementof the particles in their X point. In the
presence of uniaxial strain, dispersionless energy bands appear near the X point and theeigenstates are purely one-dimensional.
We drive analyticalexpression for the localization length which shows singular dependence of the "strain" field.

P1-D007*
Energies

Polarization Dependence of Raman 2D band in Bilayer Graphene with Various Excitation

CHEONG Hyeonsik, LEE Jae-Ung, SECK Ngor Mbaye, YOON Duhee, CHOI Seon-Myeong1, SON Young-Woo1
Sogang university, Department of physics. 1Korean Institute for Advanced Study, School of Computational Sciences.
The Raman 2D band in graphene has unique scattering pathway called a double resonant Raman scattering. Due to its unique
process, it has been used to investigate electronic structures and electron-phonon interactions in graphene systems. The Raman
intensity of the 2D band in single layer graphene has a strong polarization dependence.[1] The intensity is maximum when the
excitation and detection polarization are parallel and minimum when they are orthogonal, whereas that of the G band is
isotropic. This strong polarization dependence is the consequence of inhomogeneous optical absorption and emission mediated
by electron-phonon interactions. But the polarization dependence of the Raman 2D band in bilayer graphene has not yet been
investigated. The 2D band of bilayer graphene can be decomposed into 4 Lorentzian peaks corresponding to different scattering
processes involving 2 conduction and 2 valence bands. Each peak in the 2D band in bilayer graphene shows a polarization
dependence similar to that of single layer graphene. Because the interlayer coupling in bilayer graphene is small, the electronphoton interaction of single layer graphene is not modified significantly in bilayer graphene. We also studied the excitation
energy dependence of polarization ratio with 4 different excitation energies. By comparing the results with theoretical analysis
based on DFT calculations, we conclude that the polarization ratio of each of the 4 Lorentzian peaks seems to reflect the
features of the electronic band structures and electron-photon interactions in bilayer graphene. References:[1] D. Yoon, H.
Moon, Y.-W. Son, G. Samsonidze, B. H. Park, J. B. Kim, Y. Lee and H. Cheong, Nano Lett. 8, 12 (2008).
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P1-D008*

2013.04.24-26, 대전컨벤션센터

Spatial Variation in the Local Electronic Structure of Carpet-like Graphene Structures

MIN Kyung-Ah, KIM Gunn, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
When graphene is deposited on a supporting substrate, it may be deformed in the presence of the stepof the substrate. To
investigate the variations in the local electronic structure near the stepregion, we perform first-principles pseudopotential
calculations for the carpet-like graphenenanoribbon and two-dimensional carpet-like graphene sheet. We find that weak
modulation occurs inthe local density of states (LDOS) between flat and step regions. Interestingly, when electric fieldis applied
to the two-dimensional carpet-like graphene sheet, striking variations in the LDOS areshown. We will also discuss the
dependence of the direction and the magnitude of applied electricfield on the spatial variation in the LDOS.

P1-D009*

Influence of Excitation Energy on Raman Spectra of Multilayer Graphene

CHEONG Hyeonsik, NGUYEN The An, LEE Jae-Ung, YOON Duhee
,
.
Few-layer graphene has recently drawn interest from researchers because of its promising properties. Recent studies have
showed that Raman spectroscopy can be used to distinguish the number of layers [1] as well as the stacking order of graphene.
On the other hand, the peak shape of some Raman modes, for instance, the 2D mode and N mode [2], depends not only on the
number of layers but also on the excitation energy. Therefore, we tried to establish the correlation between the Raman spectra of
multilayer graphene and the excitation energy in our work.We studied the variations in the Raman spectrum as a function of the
number of graphene layers by using micro-Raman spectroscopy and atomic force microscopy (AFM). In our experiment,
various Raman features of few-layer graphene of thickness from 1 to 6 layers were observed. The investigated features include
G, 2D bands and combination Raman modes in the range from 1450 to 1850 cm-1. We repeated the measurements using 4
different excitation sources with energies of 1.96, 2.41, 2.54 and 2.81 eV. The influence of the stacking order on the shape of
Raman spectra was also taken into consideration. [1] Duhee Yoon et al. JKPS 55 (3), 1299~1303 (2009) [2] Felix Herziger et
al. Physical Review B 85, 235447 (2012)
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P1-D010*

2013.04.24-26, 대전컨벤션센터

Atomic and Electronic Structure of MoS2 Nanostructures

CHA Janghwan, SUNG Dongchul, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
We have investigated atomic and electronic properties of molybdenum disurfide (MoS2) nanostructures using density
functional theory (DFT) calculations. Because MoS2 has similar atomic structure to graphene, its layered structure can be
obtained by mechanical exfoliation method. It has been shown that the band gap is indirect (about 1.29 eV) for bulk MoS2 but
direct (about 1.8 eV) for monolayer MoS2 sheet. The band gap is 1.64 eV in GGA and 1.86 eV in LDA for monolayer MoS2 in
our calculations. It is possible to use MoS2 nanostructures as gas sensors or detectors due to the suitable band gap for electronic
devices. Therefore, in relation to such applications, we have studied adsorption properties of atoms (H, C, N, O and F) or
molecules (CO, CO2, NO, NO2 and NH3) on infinite 2D and quasi 1D MoS2 sheets. Our calculations reveal that the atoms are
well chemically bound to several sites of the 2D MoS2 surface while various molecules do not bind to the surface. We have also
investigated adsorbed sites for various molecules on the MoS2 1D nanoribbon sheet. Contrary to the case of 2D MoS2
monolayer, some molecules such as CO and NO are bound to the edge of MoS2 nanoribbon. In this case, the molecular states
are located near the Fermi level, so monolayer MoS2 nanoribbon can be used as the gas sensors or detectors.
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P1-D012*

2013.04.24-26, 대전컨벤션센터

Field effect tunneling transistor using graphene oxide barrier

,
.
Recently, Semiconductor industries have been developed with silicon based devices such as field effect transistor or flash
memory. However, they faced limitations about improvement of their characteristic due to high power consumption, low
operation speed, thermal damage which are come from need for complex nano scale device. However, promising key of this
critical problem is introduced recently which is called graphene, monolayer of graphite. it has anomalous electrical
characteristics such as 100-times high conductivity than copper, 100 times high mobility than silicon, even transparent with
flexibility. many of scientists have rushed in to graphene world to overcome limitations of devices of these days. Here, we
suggest graphene induced tunneling field effect transistor (G-TFET) motivated from fast on-off switching speed of TFET. we
fabricate our device by E-beam lithography and formed insulator layer by AFM lithography. we also controlled electron doping
ratio of graphene by applying electric field to source and drain electrodes respectively to induce different fermi levels of
graphene.

P1-D013*

Ripple Domain Distributions In Exfoliated Graphene

PARK Yeonggu, LEE Mi Jung, CHOI Jin Sik, CHOI Taek Jib1, PARK Bae Ho
Division of Quantum Phases and Devices, Department of Physics, Konkuk University, Seoul, Korea. 1HMC & INAME, Faculty
of Nanotechnology and Advanced Materials Engineering, Sejong University, Seoul, Korea.
It has been known that structural defects such as wrinkles, ripples and atomic defects led to reduce the electrical properties of
graphene, the truly two-dimensional hexagonal lattice of carbon atoms. Recently, domain structures with different friction
characteristics and the friction anisotropy in these domains are characterized in part of an exfoliated monolayer graphene on
SiO2 substrate. The friction anisotropy is due to the ripple structures that are oriented differently in each domain. We show the
distribution and the formation mechanism of friction domain structures. The monolayer graphene sample was deposited on SiO2
substrate by using mechanical exfoliation method. We can observe the whole ripple domain distribution from AFM torsion
image mapping and only three-ripple domain structures in this sample. Furthermore, we can determine the ripple directions in
each domain and analyze the relationships between ripple direction and distribution of these domain structures.

- 161 -

2013 봄 학술논문발표회 및 제89회 정기총회

P1-D014*
,

/
,

2013.04.24-26, 대전컨벤션센터

barristor

,

,

,

.
on/off ratio

2012
barristor

/
/

.

barristor

.
.

P1-D015*

Synthesis and characterization of graphene on Pt substrate using CVD

NAM Jungtae, KIM Dong Chul1, ANDERSEN Pål C.1, PARK Sang Jun, BAE Dong Jae, MUNSHI Mazid1, DHEERAJ Dasa
L.1, FIMLAND Bjørn-Ove1, WEMAN Helge1, SEO Sunae, KIM Keun Soo
Department of Physics & Graphene Research Institute, Sejong University, Seoul, 143-747, Korea. 1Department of Electronics
and Telecommunications, Norwegian University of Science and Technology (NTNU) No-7491 Trondheim, Norway.
Graphene is a 2-dimensional atomic-scale honeycomb lattice made of carbon atoms which is the one of carbon allotrope. In
these days, fundamental studies and applicable researches of graphene are extremely increased because of its super-good
electrical, optical, mechanical and thermal properties. Recently, graphene is also useful the synthesis of nanomaterials as a
substrate like a crystal substrates. In this report, we investigate the optimum condition for a graphene growth using LP-CVD on
platinum (Pt) substrate. To reduce contamination issue during synthesis of nanomaterials based on graphene under the hightemperature and low-pressure, the Pt Thin film is deposited by sputtering system on SiO2/Si substrate as a catalyst to replace the
Cu foil. For the graphene growth, we use the CH4 gas as the carbon source on prepared substrate (Pt/SiO2/Si).The synthesis
condition of graphene on Pt is very different by comparison with Cu because the carbon solubility of Pt and dissociation ability
are better than Cu, relatively.After graphene growth, we employ the Raman-spectroscopy to estimate the graphene layers and
qualities. We will give more details in the presentation.
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P1-D016*

2013.04.24-26, 대전컨벤션센터

Heterostructure transistor of Graphene and MoS2

DU Hyewon, KIM Taekwang, SHIN Somyeong, KIM Hakseong1, LEE
Dukhyun1, PARK Baeho Park1, LEE Sangwook1, SEO Sunae
Sejong Univ.. 1Konkuk Univ..
Even with the absence of band gap, the high mobility of Graphene aroses
the potential as the channel material for semiconductor device. More
recently, molybdenum disulfide(MoS2) of high mobility n-type
semiconductor with similar to the magnitude of Si band gap has been
studied to overcome the issue of metallic graphene, which could be
obtained by similar mechanical exfoliation method to graphene due to the
weak van der waals interaction between layers. Here we presents
combined device structure which consists of these two attractive high
mobility 2-dimensional materials and fabricates hetero-structure transistor
of Chemical Vapor Deposition(CVD) graphene and exfoliated MoS2. The
electrical properties of graphene-MoS2 hetero-structure transistor are
compared with those of individual graphene or MoS2 transistor.

P1-D017*

The fabrication and characteristics of ZnO nanowire/graphene contact.

KIM Tae Kwang, DU Hye Won, SHIN So Myung, KIM Hak Sung1, LEE Sang Wook1, SEO Sunae
Department of Physics, Sejong University. 1Department of Physics, konkuk University.
We report high performance ZnO nanowire transistor with source/drain graphene electrode, which makes available to
transparent device in soft electronics. Chemical Vapor Deposition Graphene was transferred onto SiO2 substrate and etched by
oxygen plasma as the patterned electrode. ZnO nanowire synthesized by Vapor-Liquid-Solid (VLS) method with Au catalyst
was aligned onto pre-patterned graphene electrode to build contact between graphene and ZnO nanowire. We measured the
electronic properties of this transistor and analyzed graphene/ZnO nanowire junction characteristics.
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2013.04.24-26, 대전컨벤션센터

The LiF effect on Graphene field effect transistor

SHIN somyeong, DU Hyewon, KIM Taekwang, SEO sunae
Department of Physics, Sejong University, Seoul, 143-747, Korea.
The Fermi level tuning of graphene is essential for graphene electrode application such as organic solar cell. This allows both
cathode or anode application providing required work function well matched with organic materials. In addition, the Fermi level
variation increases or decreases conductivity accompanying with the change of charge carrier densities. LiF is known to give
work function lowering of graphene to build the dipole layer at the interface. In addition, it has almost twice dielectric constant
of SiO2. Here, we investigate the effect of Lif on graphene. We obtained the increased mobility due to the screening effect and
decreased Dirac point caused by Fermi level shift.
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P1-D020

2013.04.24-26, 대전컨벤션센터

Properties of supercapacitor using tungsten molybdenum complex oxide

KIM Do-Hyung, JUNG JINJOO
department of physics, Kyungpook unversity.
In the previous report, we demonstrated the effects of morphology and phase on supercapacitor performance using the novel
3D (three-dimensional) urchin-like tungsten oxide nanostructures. Urchin-like Tungsten-Molybdenum complex oxide
(UTMCO) nanostructures was synthesized by the addition of molybdenum reagent [Mo(CO)6] in existing methods which is
hydrothermal route. When the molybdenum increased, the length of nanowires decreased. The surface of sphere relatively
converted rough to smooth. The supercapacitor performance using UTMCO nanostructures as electrode was investigated by
controlling the morphology and phase of the complex oxide.

P1-D021
AFM system

Fabrication of NaCl nano-pillar through nano-liquid channel with nanopipette based QTF-

AN Sangmin, LEE Kunyoung, KIM Bongsu, KIM Qhwan, KWON Soyoung, JHE Wonho
Seoul National University.
Sodium chloride (NaCl) is standard rock salt and critical compound which converts to ionic solution with water as biological
response modifier in the human body [1]. It is reported that peculiar surface size-effects in NaCl crystal are occurred as the size
reduced to nanoscale, such as singular and peculiar metallic behavior [2]. So far, it is difficult to fabricate the NaCl nanopillar
for the deep understanding of the natural crystal structure and some applications of nanopillars such as solar cell, Li ion battery,
which fabrication method is practically performed with no need of long shape and uniformity [3]. In this work, we introduce the
fabrication method of NaCl nanopillar based on the nanopipette combined with quartz tuning fork - atomic force microscope
(QTF-AFM) system [4]. After the NaCl solution is filled with the pulled nanopipette, the solution is ejected onto the substrate
with distance control of the AFM within 10 nm. Then, the nanopipette tip were retracted against the surface for fabrication of
the NaCl nanopillar. With this fabricated nano-structure, one can extend the knowedge of the NaCl crystal structure by sizeeffect, and apply the engineering of the 3-dimemsional nanoscale structure of the biochemical process.
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P1-D023

Spin-dependent transport in vertical graphene spin-valve junctions

PARK Jae-Hyun, LEE Hu-Jong
Department of Physics, POSTECH.
In-plane spin transport in a graphene layer has been widely studied due to its potential for a long spin relaxation time and a
large spin relaxation length [1]. Recently, highly effective spin filtering at the interface between graphite and (111) fcccrystalline Ni or Co was theoretically proposed based on their electronic-structure overlap in the reciprocal space, exclusively
for minority spins [2]. Here, we present out-of-plane spin-valve measurements with ferromagnet/graphene/ferromagnet (FGF)
junctions. Permalloy ferromagnetic contacts to both sides of graphene was accomplished by e-beam evaporation with the
thickness of bottom and top permalloy layers set at 30 and 50 nm, respectively. We observe ~2% of spin-valve signal (DR/R)
through the tri- and tetra-layer graphene inserted in FGF junctions. We obtain a stronger spin-valve effect in FGF junctions with
RA product of ~5 W∙mm2 (where R and A are the junction resistance and the junction area, respectively) for high transparent
contacts in the graphene/permalloy interface. However, for thicker (10~20 layer) graphene, we observe much weaker (~0.2 %)
spin-valve signal, which is in contradiction with the theoretical prediction of perfect spin filtering for thicker graphite film. We
believe that the contradiction results from the alloying characteristics of permalloy and the presence of solid solution between
Ni, Fe, and graphene. We expect that using other ferromagnetic materials or inserting a thin copper layer between
ferromagnetic electrodes and graphite would enhance the spin-valve functionality. [1] N. Tombros et al., Nature, 448, 571
(2007). [2] V. M. Karpan et al., Phys. Rev. Lett . 99, 176602 (2007).
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P1-D024

2013.04.24-26, 대전컨벤션센터

Chemical Reduction of Mesoporous Silica into Mesoporous Silicon

KIM DO-HYUNG, WON HAYEON
,
.
The aim of this work was to synthesis and study of nano-sized mesoporous silica particles (NMS) and nano-sized mesoporous
silicon particles (RNMS; reduced nano-sized mesoporous silicon particles). The NMS were synthesized using simple sol-gel
process and could simply control the morphology and porosity by varying the silicate, surfactant and silicate/surfactant diluted
concentration. The RNMS were obtained through reduction of the NMS by gas-solid reaction with magnesium (Mg) at a lowtemperature (about 650 ℃). Low angle X-ray diffraction (XRD) data showed that NMS and RNMS had hexagonal array pore
structure like MCM-41 by (100) and (110) diffraction planes. The NMS and RNMS were characterized by transmission electron
microscopy (TEM), scanning electron microscopy (SEM) and nitrogen adsorption/desorption. Specific surface area and pore
distribution were calculated from Brunauer-Emmett-Teller (BET) equation and Barret-Joyner-Halenda (BJH) equation,
respectively.
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P1-D026

2013.04.24-26, 대전컨벤션센터

Transport Properties of Metal-ZGNR-Metal Vertical Heterostructures

RYOU Junga, KIM Han Seul1, KIM Yong-Hoon2, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University. 1Graduate School of EEWS, KAIST. 2Graduate
School of EEWS and KI for the NanoCentury, KAIST.
Graphene based nanostructures have been attracting attention as a candidate material for electronic devices because of its
remarkable physical properties. In particular, zigzag graphene nanoribbons (ZGNRs), one-dimensional structures of graphene
with a finite width, have been intensively investigated for application of spintronics due to their edge magnetism. To understand
transport properties of graphene nanoribbon based structures, we consider several metal-ZGNR-metal contact device structures.
First, we optimize metal-ZGNR-metal vertical heterostructures using first-principles calculations. The spin-dependent transport
properties for those optimized vertical structures are investigated by using non-equilibrium Green’s function method. We also
consider transport properties of the sandwiched graphene sheet in the metal-ZGNR-metal structures by increasing the number of
graphene layer. Finally, we discuss the application possibility of graphene based vertical structures in spintronic nanodevices.
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,

2013.04.24-26, 대전컨벤션센터

Enhanced Retention Time of Al-Based Nanocrystal Floating Gate Memory Devices
,

,
.
Floating gates based on nanocrystals (NC) have received particular attention for nonvolatile memory (NVM) devices because
they have particular advantages, namely, an enhancement in charge storage capacity and retention time. In this work, we have
investigated the memory properties of Al-based NC floating gate fabricated by thermally annealing of a sandwich structure
comprised of a thin Al film sandwiched between two silicon oxide layers at 800 oC for 4 min. Capacitance-voltage (C-V)
measurements are performed on the metal-oxide/semiconductor (MOS) structure with Al-based NC floating gate and shown to
have very long retention time, a charge loss less than 10% after 10 years. These results clearly indicate that Al-based NC have
great potential for NVM applications. Possible explanations for the results will be presented.
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2013.04.24-26, 대전컨벤션센터

Gate-Tunable Quantum Dot Single Electron Pump

AHN Yehwan, SEO Minky1, BAE Myung-Ho, CHUNG Yunchul1, LEE In-Ho, KIM Nam
Korea Research Institute of Standards and Science, Daejeon 305-340, Republic of Korea. 1Department of Physics, Pusan
National University, Busan 609-735, Republic of Korea.
We studied single-parameter quantized charge pumping through a metal gate-defined quantum dot (QD) on a two-dimensional
electron gas (2DEG) system of GaAs/AlGas heterostructure. Pumped current through the QD satisfied the relation of I=nef,
where n is number of electrons pumped per cycle, e is elementary charge, and f is frequency of applied RF signal. Our device is
uniquely designed to control charging energy of the QD with a middle gate on the device. We found that the length of the
current plateau was extended by increasing the charging energy of the QD. Also we obtained the figure of merit delta_2 by
fitting a theoretical model [1] to our data, where delta_2 is associated with the flatness of 1st current plateau. [1] V.
Kashcheyevs and B. Kaestner, “Universal decay cascade model for dynamic quantum dot initialization,” Phys. Rev. Lett. 104,
186805 (2010).

P1-D031*

Circular dichroism in perovskite oxide materials

,
,
, YOSHIDA Y1
. 1AIST.
We measured electronic structures of perovskite oxide materials Sr2MO¬2 (M=Rh, Ru) with angle-resolved photoemission
spectroscopy (ARPES) using circular dichroism (CD) method to investigate orbital angular momentum (OAM) characters. We
observe large CD which shows complicated orbital structures of Sr2MO4.
,

,
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2013.04.24-26, 대전컨벤션센터

Circular dichroism ARPES and Dresselhaus effect study on semi-conductor InSb

CHO Soohyun, JUNG Wonsig, KIM Beomyoung, KIM Changyoung
,
.
We have performed preliminary circular dichroism angle-resolved photoemission spectroscopy (ARPES) experiments on nonmagnetic semi - conductor. Our result show the strong circular dichroism (CD) signal, indicating probable existence of high
order Dresselhaus term. In non-magnetic semi conductor samples, n-type doped InSb and GaAs, net OAM in the bulk should be
normally zero because of the symmetric electric potential. However, non-zero OAM can appear when there is an inversion
symmetry breaking (IBS). We find that the dichroism has momentum dependence. In our view, the CD modulations of the
three bands come from spin orbit coupling (SOC).

P1-D033*

Evolution of Rashba-type band splitting energy depending on SOC strength

KIM Beomyoung, KIM Panjin1, JUNG Wonsig, KOH Yoonyoung, KYUNG Wonsick, PARK JOONBUM2, KIM JUN SUNG2,
MATSUNAMI Masaharu3, KIMURA Shin-ichi3, HAN Jung Hoon1, KIM Changyoung
Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Korea. 1Department of Physics and BK21 Physics
Research Division, Sungkyunkwan University, Suwon 440-746, Korea. 2Department of Physics, Pohang University of Science
and Technology, Pohang 790-784, Korea. 3UVSOR Facility, Institute for Molecular Science and Graduate University for
Advanced Studies, Okazaki 444-8585, Japan.
We explain Rashba type band splitting by effective Hamiltonian that includes three important terms for crystal field, atomic
SOC, and asymmetric charge distribution. First, we describe in detail how to make asymmetric charge distribution due to crystal
momentum. And we explain dominant parameter of effective hamiltonian in weak SOC region. Consequently, through this and
previous studies, we describe mechanism of Rashba splitting by changing SOC strength. To confirm this model, we study OAM
and SAM structures of surface states of Au(111) system by extending effective Hamiltonian of d-states. And we performed
circular dichroism(CD) ARPES experiment on Bi2Te2Se sample which is a kind of topological insulators(TI) in strong SOC
region, as well as first-principles calculations.
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P1-D034

2013.04.24-26, 대전컨벤션센터

Optical properties of SuperLattice LMO/SMO/NMO

ROH seulki, HWANG jungseek, LEE seokbae, JUNG ilho, LEE jaicahn1, SEO jiwon1, CHOI minsu1
Department of Physics, Sungkyunkwan University. 1School of Advanced Materials, Sungkyunkwan University.
We prepared LMO/SMO/MNO superlattice films on STO substrate by using pulsed-laser-deposition technique. Our four
samples are 1/1/1, 3/3/3, 5/5/5, and 12/12/12. Each digit indicates the number of layers of respective basis film. The total
thickness of superlattice film of each sample is identically 50nm. We Obtained transmittance and reflectance spectra of the
sample by using Vertex 80v and Lambda 950 in a wide spectrum range. With those quantities, we obtained abortion coefficient.
We also get some interesting optical information by fitting the reflectance data with thin film analysis method.

P1-D035*

Nanoscale Probing of Switching Behaviors of Pt Nanodisk on Single-crystalline SrTiO3 with
Conductive Atomic Force Microscopy

LEE Hyunsoo, KIM Haeri1, VAN Trong Nghia, KIM Dong Wook1, PARK Jeong Young
Graduate School of EEWS (WCU) and Nanocentury KI, KAIST, Daejeon, 305-701, South Korea.. 1Department of Physics,
Ewha Womans University, 52 Ewhayeodae-gil, Seodaemun-gu, Seoul 120-750, Republic of Korea.
The resistive switching phenomena of Pt nanodisk on Nb doped SrTiO3 single crystal has been studied with conductive atomic
force microscopy in ultra-high vacuum condition. The nanometer sizes of Pt disks were formed by using colloidal selfassembled patterns of silica nanospheres on Nb-doped SrTiO3 single-crystal as transition metal oxide with perovskite structure
employing the Langmuir-Blodgett (LB) trough, combined with nanofabrication technique of evaporation for Pt deposition. Here
we show that the reversible bipolar resistive switching behaviors of nanoscale metal/insulator/metal (MIM) Schottky junction
based on the interfacial effects of Pt/Nb doped SrTiO3 single-crystal was achieved by utilizing the local current-voltage
spectroscopy without electrochemical redox surface reaction between probe and surface of SrTiO3 single crystal. The
conductance images show the spatial mapping of the resistive switched sites after the process of resistive switching between the
high-resistance state (HRS) and low-resistance state (LRS) of selected triangular shaped Pt nanodisks, which was
simultaneously obtained with topographical images. The retention characteristics of nanoscale Pt/Nb doped SrTiO3 singlecrystal junction was obtained for 40 dc sweep cycles. The results suggest that the resistive switching device of homogeneous
resistance model with electron charge trapping states in Pt/Nb doped SrTiO3 interface can be adjusted to scale-down up to the
tens nanometer range without incorporation of oxygen ion on resistive switching behavior.
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P1-D038

2013.04.24-26, 대전컨벤션센터

Adsorption structrure of bifunctional amine compounds on Ge(100)

KIM DO HWAN, KIM Sehun1, HONG Suklyun2
Daegu University. 1Korea Advanced Institute of Science and Technology. 2Sejong University.
The adsorption structure of ethylene diamine on Ge(100) was investigated using density-functional calculations. Posssible
chemical reactions of ethylene diamine with Ge surface are N-H dissociative nucleophilic addition or dative bonding of nitrogen
atom with electron-deficient down-Ge atom. Single or dual reaction with Ge surface atoms are compared on the basis of
thermodynamic and kinetic aspects. The energetic trend within slab model was different from that from cluster model. Dative
bonded configurations are found to be more stable than N-H dissociative adsorption. The dual reaction with Ge surface occuring
in interdimer site were found to be more stable than on-top reactions. The resuls were compared with The simulated STM
images are consitent with experimentally-observed features.

P1-D039*
,

,

STM-induced photon emission spectra and mapping from Ag films grown on Si(111)-7x7

,
.
We have set up a scanning tunneling microscope (STM) with a light detection capability operated at room temperature. For the
collection of the tunneling–induced light, we use the optical fiber (diameter=600μm) which is approached close to the tunneling
junction. The motorized XYZ motion of the optical fiber and the use of camera were found to be efficient to detect the lowintensity light for further alignment for the optimal positioning during the tunneling. The tunneling-induced light emission from
a Ag film grown on a Si(111)-7×7 surface was successively detected for spectra and photon mapping. The dependence of the
peak position in the light emission spectra as a function of the bias voltage and the tunneling currents was tested. Interpretation
of the photon emission spectra and quantitative discussion will be made based on calculations using a previously reported theory
for light emission from STM.
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P1-D040*
,

2013.04.24-26, 대전컨벤션센터

Nitrogen Pair Formation at The Si(001)/SiO2 Interface

.
Nitrogen incorporation in the crystalline-Si (c-Si) and amorphous SiO2 (a-SiO2) have been investigated a lot because the
nitrogen enhances the reliability of the c-Si/a-SiO2 system [1]. Previous papers reported that the nitrogen binds to the dangling
bond (DB) defect (Pb), hence the nitrogen mainly positions at the c-Si/a-SiO2 interface since the most DB defects are present at
the interface. However, recently, E. Lee discovers that the interface nitrogen strongly interacts to the interface oxide and the NO complex structure is more stable than that of Pb center [2]. In addition the bulk Si has the nitrogen piar defect structure [3].
Therefore, It is controversial where the nitrogen is in the c-Si/a-SiO2 system.
We investigate the most stable nitrogen position with crystalline-Si(001)/quartz-SiO2 interface by using DFT method. The
most stable structure of the c-Si(001)/q-SiO2 interface includes a pair of nitrogens. The structure has a lower energy than those'
in bulk Si and q-SiO2 by 1.5 eV and 4 eV at least, respectively. The energy of the nitrogen pair is more stable than that of two
Pb center in q-SiO2 side. The calculated Bader charge shows that the incorporated nitrogen takes the electron from the nearest Si
atom and the resulting Coulomb energy of Si-O bond changes by the amount of 1 eV.
[1] A. Stirling, Phys. Rev. Lett. 85, 2773 (2000).
[2] E. Lee, Phys. Rev. B 77, 104108 (2008).
[3] S. Oberg et al., Phys. Rev. Lett. 72, 1882 (1994).

P1-D041

Thermally-induced Desulfurization of Thiophene on Si(100)

PARK Jinwoo, LEE Hankoo1, SOON Aloysius2, YU Byungdeok3,
HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong
University. 1Beamline Research Division, Pohang Accelerator
Laboratory. 2Department of Materials Science & Engineering, Yonsei
University. 3Department of Physics, University of Seoul.
We investigated the bonding structures of thiophene molecules adsorbed
on the Si(100)−2×1 surface at 300 K, and its evolution upon annealing by
employing core−level photoemission spectroscopy, near−edge x−ray
absorption fine structure (NEXAFS), and ab initio calculations. The C 1s
and S 2p core-level spectra measured at three different temperatures, 300,
350 and 400 K, are consistently interpreted in terms of following structures suggested by the theoretical calculations; the 2,3 and
2,5-dihydrothiphene (DHT), twisted 2,3 and 2,5-DHT, tetrahydrothiphene(THT), twisted THT, and the desulfurization where
the sulfur atom is dissociated from the thiophene ring. We suggest new pathways for desulfurization of thiophene by mild
thermal annealing.
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P1-D042

2013.04.24-26, 대전컨벤션센터

Bandgap opening of single layer graphene induced by adsorption of Na+ ion

,
,
,
,
,
Postech.
We report the opening of a bandgap induced by the adsorption of Na+ ions on a single layer graphene formed on 6H-SiC(0001)
surfcae. From our low-energy electron diffraction and angle-resolved photoemission spectroscopy, and high-resolution
photoemission spectroscopy data obtained by using synchrotron radiations, we find changes in electronic as well as in bonding
configurations consistent with the opening of a band gap due mainly to the formation of a periodic potential by regularly
arranged Na+ ions. We thus demonstrate a possibility of producing and controlling a band gap of single layer graphene in a
systematic way

P1-D043*

Electronic properties of Bi2Te2Se induced by alkali metal doping and annealing

,
,
,
,
,
,
,
POSTECH.
We have investigated changes in electronic properties induced by doping Na or Cs atoms on Bi2Te2Se topological insulator (TI)
by using core-level as well as angle-resolved photoemission spectroscopy obtained with synchrotron radiations. The clean
cleaved TI surface at low temperature (~90K) shows a characteristic linear surface band. Doping Na or Cs atoms by about 1
monolayer on the clean TI surface at room temperature produces a uniform shift towards the high energy side in the core levels
of the three constituent atoms (Bi, Te, Se). The valence band reveals an n-doping effect shifting the Dirac point downward while
a new parabolic band appears in the conduction band from the adatom-induced 2d electron gas. Upon annealing the sample, we
observe the reversed shift in the core levels of the constituent atoms in contrast with the continuing shift of the alkali adatom in
the same direction while we find a p-doping effect in the valence band. We interpret these changes in terms of intercalation of
the alkali adatoms upon annealing within the quintuple layer of the Bi2Te2Se sample.

- 176 -

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

P1-D044*
,

,
,

,

1,

,
.

,

1

1

,

.
wet
.
,

,
,
.

,
,

.

(pH6.5-8)

pH
.
Cu foil
,
XRD(X-ray Diffraction), FE-SEM(Field Emission
.

Scanning Electron Microscope), XPS(X-ray Photoelectron Spectroscopy)

P1-D045*
,

CuI
,

CuI

in-situ x-ray
,

1,

2,

. 1
. 2
organic photovoltaics (OPVs)
x-ray scattering

.
SiO2
. CuI
morphology

,
.
x-ray scattering
.
incidence x-ray diffraction (GIXD) pattern
.

2~3nm

- 177 -

CuI

in-situ
x-ray reflectivity curve
2D grazingamooth-layer
rough-island morphology

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

P1-D046*

The Effect of Al2O3 passivation layer in Pulsed-Laser-Deposited ZrO2 film on n-GaAs
substrate as a function of post-annealing temperature

CHAE Jimin, KIM Hyo-Jin1, PARK Sang han, CHO Mann-Ho
Yonsei University, Department of Physics. 1Samsung Electronics.
In order to verify the structural and thermal stability of high-k dielectric ZrO2 on n-type GaAs substrate as a function of postannealing temperature, we deposited ZrO2 thin film on n-type GaAs substrate by Pulsed-Laser-Deposition and annealed at 500
℃ and 600 ℃ for 5 minutes. In addition, we inserted Al2O3 passivation layer by Atomic Layer Deposition before ZrO2 thin
film deposition to improve the stability of the system. Structural and thermal stability of the samples were verified as a function
of the post-annealing temperature using X-ray Diffraction (XRD), X-ray Photoemission Spectroscopy (XPS), and Tunneling
Electron Microscopy (TEM), and the electrical properties were investigated by current-voltage (I-V) measurement, capacitancevoltage (C-V) measurement, and Conductance method.A large amount of Ga oxides was formed during post-annealing
treatment and the amount was increased as increasing temperature while As oxides were formed and diffused out due to their
high vapor pressure. In case of no inserting passivation layer, ZrO2 thin film shows monoclinic phase at annealing temperature

of 600 ℃. However, the crystallization of ZrO2 thin film and the interfacial reaction were significantly hindered by inserting
Al2O3 passivation layer due to the thermal stability of Al2O3 maintaining amorphous over 900 ℃ and its low oxygen
diffusivity. Moreover, electrical properties in Metal-Insulator-Semiconductor structure with TiN electrode was improved with
decreasing the density of fixed oxide charge, the interface trap charge and the leakage current by the Al2O3 passivation layer.
From these results, we verified formation and behavior of Ga oxides and As oxides as a function of post-annealing temperature
by inserting the Al2O3 passivation layer. Since Ga oxides were not diffused out in this system, the formation and the behavior
of Ga oxides were verified well at the interface in comparison with other high-k dielectric HfO2. Therefore, Al2O3 passivation
layer plays a good role to improve interfacial characteristics and the thermal stability of the system of pulsed-laser-deposited
ZrO2 film on n-GaAs substrate.

P1-D047*

High-resolution x-ray photoemission stuydy of photochemically oxided Ga2O3 on

GaN/AlGaN heterostructure on silicon wafer
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P1-D048*

2013.04.24-26, 대전컨벤션센터

Change in interfacial reaction and thermal stability of (HfO2)x(SiO2)1-x film on strained

Si0.7Ge0.3 as a function of film concentration

KIM Dae-Kyoung, KANG Yu Seon, KANG Hang Kyu, CHO Mann-Ho, KO Dae Hong1, KIM Chang Soo2, KIM Dong Chan3
Yonsei University, Department of Physics. 1Yonsei University, Department of Material Science and
Engineering. 2KRISS. 3Samsung Electronics.
In other to investigate the effect of Si incorporation in HfO2 film on interfacial reaction and thermal stability with strained
SiGe substrate, Hf-based dielectrics with three concentrations ((HfO2)x(SiO2)1-x (x=0.5, 0.75, 1.0)) were prepared by atomic
layer deposition. HRXPS and HRTEM results showed that the amorphous HfSiO film after PDA at 900 °C transformed into
amorphous SiO2 and crystalline HfO2, indicating phase separation was occurred. In addition, we observed that the phase
separation phenomenon was more induced in (HfO2)x(SiO2)1-x (x=0.75) film. On the other hand, HRXRD results showed that
strain relaxation of SiGe in (HfO2)x(SiO2)1-x (x=0.5) film after PDA at 900°C was more induced as compared to (HfO2)x(SiO2)1(x=0.75) film. In this (HfO2)x(SiO2)1-x (x=0.5) film during PDA at 900 °C, unstable HfOx resulted from the phase separation
x
participated in interfacial reaction again, leading to the out-diffusion of Si from the Si0.7Ge0.3 and the formation of interstitial Ge
(Gei) at the HfSiO/SiGe interface, resulting in a large amount of Dit. Finally, strain relaxation of SiGe affected by interfacial
reaction is increased as increasing Si concentration in HfSiO film.
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P1-D050*

Self-Assembled Chairal Hexagonal Porous Structures of Discoid Organic Charge Accepting
Molecule on Au(111)
,

,

1,

,

1

. 1
.
Using both experimental and theoretical methods, we have investigated the structural and electronic properties of selfassembled two-dimensional organic molecule (hexaaza-triphenylene-hexacarbonitrile, HATCN), which is used as an efficient
OLED hole injection material, on Au (111) surfaces. Low-temperature scanning tunneling microscope (STM) measurements
revealed that self-assembled hexagonal porous structures are appeared at terraces of Au(111). We also found that the hexagonal
porous structure have chirality and forms only small (< 1000 nm2) phase-separated chiral domains that can easily change their
chiral phase in subsequence STM images at 80 K. To explain these observations, we carried out the calculations of the
molecular-molecular and molecule-surface interaction energies by using first-principles density functional theory method. We
found that the change of their chiral phase resulted from the competition between the two energies. These results have not only
verified our experimental observations, but also revealed the delicate balance between different interactions that caused the selfassembed structures at the surface.

P1-D051*

Measuring Temporal and Structural Correlations from Colloidal Suspensions

JO Wonhyuk, LEE Soohyung1, SUB Weiheng1, LEE Dong Ryeol
Soongsil University, Physics. 1KRISS.
We present an alternative method to extract dynamical and structuralinformation from amorphous systems such as colloidal
suspension fromseries of coherent diffraction patterns. Unlike a conventionaldynamical light scattering, in which an APD is
used to collectscattering signals at a fixed angle, we measure scattering photonsfrom the sample using a 2-dimensional detector
with sufficiently smallpixel size to resolve spatial profile of the individual speckles. Bycalculating single-shot based speckle
contrasts and angularcorrelation of the diffraction image, translational motions of thecolloidal particles and its transient
structural information aresimultaneously acquired.
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P1-D052*

2013.04.24-26, 대전컨벤션센터

Reverse Hofmeister Effect on Positively Charged Lipid/Water Interface

LEE Jonggwan, SUNG Woongmo, KIM Doseok
Dept. of physics, Sogang University.
Hofmeister series, list of ions sorted by protein salting-out ability, has been investigated for a long time but yet to be fully
understood and have remained a subject of significant interest. Although Hofmeister series fits well in many protein
precipitation cases, there are some researches reporting the reverse effects. Because of the complexity in local environment, it is
hard to study Hofmeister effect on real protein surfaces, which requires simpler experimental testing system. For this purpose,
we used Langmuir monolayer consisting of 1,2-dihexadecanoyl-3-trimethylammonium-propane (DPTAP) molecule, which has
positively charged headgroup, to observe a relation between ion-surface interaction and Hofmeister series. Using surfacesensitive sum-frequency generation spectroscopy, we monitored the alignment of interfacial water molecules, which is an
indicator of the electric field at the interface. In this way, we can measure the change of surface charge density due to counterion
adsorption at the interface. Three sodium halides (NaCl, NaBr, NaI) were used for comparing the adsorption difference of three
halide anions. Observed sum-frequency signal was found out to have a tendency of NaCl > NaBr > NaI, implying that the
adsorbed amount of halide anion on the DPTAP monolayer increases as its size gets larger. This suggests the adsorption
behavior of halide anion follows reverse Hofmeister series.

P2-D053*

Magnetic behaviors of ultrathin SrRuO3 film on SrTiO3 along (111)-direction: ab-initio

study

KIM Bongjae, MIN B. I.
POSTECH, PHYSICS.
Due to its unique properties, SrRuO3 (SRO) has been a subject of intense studies both in its bulk and film form. Especially,
recent studies of ultrathin SRO film on SrTiO3 (STO) along (001)-direction showed various electronic and magnetic properties
which includes metal-insulator transition, magnetic anisotropy collapse and magnetic structure changes. Changing the growth
direction is known to give totally different and peculiar phenomena to the systems. In this study, using ab-initio band structure
calculation method, we report termination-dependent magnetic properties of ultrathin SRO film grown along (111)-direction on
STO. We have found peculiar magnetic structure evolution upon number of layers which is strongly dependent on the
termination of the film.
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P2-D054

2013.04.24-26, 대전컨벤션센터

First-principles study of electronic, magnetic and Li-ion diffusion properties of LiFeSO4F

and FeSO4F

TSEVELMAA Tumurbaatar, ODKHUU Dorj, KWON Oryong, TSOGBADRAKH Namsrai, HONG soon cheol1
University of Ulsan, Department of Physics. 1University of Ulsan, Depatment of physics.
Li-ion materials have attracted a great interest in rechargeable battery. Very recently, a new compound of Li-ion battery
material, namely tavorite fluorosulfate phases (LiFeSO4F), has been expectedto have acceptable properties over other studied
cathode materials. Throughout the first-principles density-functional calculations plus U correction (DFT+U), we have
investigated the magnetic and electronic structures and Li-ion diffusion mechanism for FeSO4F and LiFeSO4F. Total energy
calculation shows that the AFM state is stable lowering energy difference of 0.2 eV/cell for FeSO4F and 0.07 eV/cell for
LiFeSO4F from FM in consistent with an experiment where the AFM ordering at TN = 100 and TN = 25 K, respectively. This
AFM configuration is attributed to the super-exchange interaction between Fe ions mediated by oxygen and the different
oxidation states (Fe3+ in FeSO4F and Fe2+ in LiFeSO4F) caused by the insertion/extraction of Li ion result the change in

magnetic moment of 3.79 µB for Fe2+ and 4.31 µB for Fe3+, according to Pauli exclusion principle and Hund’s rule. The use of
exchange-correlation U parameter in the electronic structure calculations describes the observed insulating characters of FeSO4F
and LiFeSO4F with the band gaps of 2.24 eV and 3.78eV, respectively. The Li-ion diffusion mechanism and energy barriers for
the considered possible hopping pathways of LiFeSO4F are estimated with the nudged elastic band method.One-dimensional
diffusion paths along the crystallographic axes have higher energy barriers of about 1.04 eV for [100] and 0.87 eV for [010] in
consistent with an experiment. However, much smaller barriers of 0.24-0.77 eV are found when the Li-ion migrate through the
[111] channels with relatively shorter Li-Li distances, indicating that LiFeSO4F is not only one-dimensional lithium-ion
conductor. The detailed physical clarifications of such low energy barrier and the influence of magnetic and electronic features
during Li-ion diffusion will be also discussed.
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[4] M. Yamanouchi et al., Phys. Rev. Lett. 96, 096601 (2006).
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. 1Division of Materials Physics, Graduate School of Engineering Science, Osaka University.
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P2-D063*

Demonstration of a field-effect transistor (FET) modulated by external electric field and
magnetic field based on La0.85Sr0.15MnO3
LEE keundong, GWON hyojin, BAEK seung-hyub, PARK baeho1, LEE suyoun, KIM jin-sang
Electronic Materials Research Center, Korea Institute of Science and Technology, Seoul 136-791, South Korea. 1Division of
Quantum Phase & Devices, School of Physics, Konkuk University, Seoul 143-701, South Korea.
Recently, Si-based semiconductor devices have faced limitations in both their scalability and evolution of operation
characteristics such as switching speed and power consumption. To overcome this critical limitations, the metal-insulator
transition (MIT) phenomenon shown in several transition metal oxides has been considered as an promising solution which is
able to introduce superior characteristics such as fast switching speed (~femtoseconds), high on/off ratio, and low power
consumption with extended scalability. The MottFET (Mott field-effect transistor) is one of the suggested devices, which
operates based on the MIT by applying a kind of external stimulation such as electric field or temperature change. In this work,
we have developed a MottFET device based on La1-xSrxMnO3(LSMO), which is one of the well-known ferromagnetic Mott
insulator showing the colossal magnetoresistance (CMR). We used the composition of La0.85Sr0.15MnO3 as it shows the state of
ferromagnetic insulator, which deserves the expectation of high on/off ratio and various intermediate states induced by magnetic
field. Here, we demonstrate the conductivity of the channel can be modulated by the electric field, and also by the external
magnetic field of moderate strength. As the applied magnetic field increased, we found that the current-voltage characteristic
showed anomalous behaviors, which might be attributed to the electron-electron interaction, spin ordering, and the magnetic
impurities in the channel.
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P2-D064*

2013.04.24-26, 대전컨벤션센터

Distribution of Cobalt Ions on Ferromagnetic Zn(1-x)Co(x)O Films

PARK Changin, JEONG Eun-Seok, JIN Zhenlan, HAN Sang-Wook, SEO Soo-Young1, KWAK Changhan1
Chonbuk National University, Department of Physics Education. 1POSTECH , Department of Materials Science.
We examined the precise determination of Co impurity ions occupying the host zinc sites of Zn(1-x}Co(x)O films using
EXAFS and XANES measurements and ab initio calculations. Since the pre-edge peak at the Co edge is sensitive to
neighboring Co ions, the combination use of EXAFS and XANES can precisely describe the Co distribution of the films,
although EXAFS alone cannot discern if the next cation neighbor is Zn or Co. EXAFS) revealed that Co ions mainly occupied
the zinc sites of the films. XANES spectra demonstrated that the pre-edge peak of the Co K edge was substantially affected by
the second neighboring Co ions at the zinc sites due to hybridizing of the Co 4p conduction electrons with the Co 3d bounded
electrons. From XANES and EXAFS analysis using ab initio calculations, we found that Co ions uniformly occupied the zinc
sites of the Zn(0.93)Co(0.07)O film, whereas the Co ions of the Zn(0.97)Co(0.03)O and Zn(0.95)Co(0.05)O films were
substituted at localized zinc sites. The ferromagnetic properties of the Zn(0.93)Co(0.07)O film could be induced by direct
interaction between the magnetic dipoles of the Co ions with a mean distance of 4.3 Å or by Co 4p electron mediation.

P2-D065*

Magnetization Reversal Process of GaMnAs Film Grown on Si Substrate

JEONG Yujin, WON Jaehyuk, BAC Seulki, YOO Taehee, LEE Sanghoon, LIU X.1, FURDYNA J. K.1
Physics Department, Korea University, Seoul. 1Physics Department, University of Notre Dame, Notre Dame.
Magnetization reversal process of a single GaMnAs film grown on a Si substrate was investigated using planar Hall effect
(PHE) measurements. The angular dependence of the planar Hall resistance (PHR) showed a feature that exhibited symmetric
and periodic behavior proportional to the sin2φ at the high external magnetic field of 200 Oe. This indicates that the magnetic
easy axes of the GaMnAs/Si film possess four-fold symmetry originating from cubic anisotropy. However, the amplitude of the
PHR continuously decreases as the external field strength is reduced below 500 Oe. Furthermore, symmetric behavior of the
PHR in the angle scan changed to asymmetric when the external field is further reduced below 150 Oe. These behaviors were
understood via broad pinning field distribution of the GaMnAs film grown on Si substrate. In addition, the directions of the total
magnetization were calculated using the maximum PHR value at the high field.
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P2-D066*

2013.04.24-26, 대전컨벤션센터

Magneto-transport properties of MBE-grown MnP films on GaAs(001)

DUONG Anh Tuan, SHIN Yooleemi, TRAN Viet Cuong, NGUYEN Van Quang, CHO Sunglae
,
.
Mn-based submicron ferromagnets embedded in host III–V semiconductor offer novel interesting properties, suitable for
magneto-electronic devices. Interests in these granular structures have increased because they can be epitaxially grown on
semiconductor substrates and their properties can in principle be tailored to exhibit room-temperature ferromagnetic behavior,
as well as giant magneto-optical Kerr and Faraday effects [1, 2]. MnP single crystal has been known as strong magnetic
anisotropy material with helicodal magnetic order below 47K and ferromagnetic order between 47K and 291.5K [3, 4]. The
MnP crystallographic structure is orthorhombic, with lattice constants of a=5.916A , b=5.260A , and c=3.173A , which is
distorted from the NiAs-type hexagonal crystal structure [5]. In this work, we report on magneto-transport properties of MnP
thin films grown on GaAs (001) substrate by using MBE. Orthorhombic structure of MnP films were observed by X-ray
diffraction measurement. Surface morphology of films was investigated by scanning electron microscopy measurement. The
measured Hall resistance involves contributions from the ordinary and anomalous Hall effects. The metallic behavior and
negative magnetoresistance of MnP films were determined from PPMS (physical property measurement system, Quantum
Design Inc.).1. G. A. Prinz,Science282, 1660 (1998).2. A. G. Monette, C. Lacroix, S. Lambert-Milot, V. Boucher, D.
Me´nard, and S. Francoeur,J. Appl. Phys.107, 09A949 (2010).3.
E.E. Huber, D.H. Ridgley, Phys. Rev. 135 (1964)
A1033.4. J. Okabayashi, K. Tanaka, M. Hashimoto, A. Fujimori, K. Ono, M.Okusawa, T. Komatsubara, Phys. Rev. B. 69
(2004) 132411.5. J. Choi, S. Choi, M.H. Sohn, H. Park, Y. Park, H. M. Park, S.C. Hong, S. Cho, J. Magn. Magn. Mater. 304
(2006) e112–e114.

P2-D067*

Electron density study to explore magnetic contribution of hydrogen in Co-doped ZnO

PARK Ji Hun, LEE Seunghun, KIM Bum-Su, KIM Won-Kyung, CHO Yong Chan, MORIYOSHI Chikako1, KUROIWA
Yoshihiro1, JEONG Se-Young
Dept. of Cogno-Mechatronics Engineering, Pusan National University, Miryang 627-706, Republic of Korea. 1Dept. of
Physical Science, Hiroshima University, Higashi-Hiroshima, 739-8526, Japan.
Reproducible and reliable ferromagnetism induced by hydrogen in Co-doped ZnO (ZnCoO) has been drawing attention for its
spintronic application[1]. Previous study on nuclear density distribution obtained by neutron diffraction and maximum entropy
method (MEM) showed the existence of hydrogen at Zn-O antibonding site (HAB), which could be related with the formation of
Co-HAB-Co magnetic units[2]. However, it only focused on the change in nuclear density after hydrogen injection, without

evidences for ferromagnetic interaction between hydrogen and Co2+ ions. Therefore, it is necessary to further investigate the
contribution of hydrogen to the interaction; since magnetic characteristics stem primarily from electron spin, electron density
distribution by x-ray diffraction patterns and MEM analysis possibly provides experimental evidences.In this study, we
investigated the applicability of charge density distribution obtained through synchrotron radiation (SR) diffraction and MEM to
magnetic structure analysis. ZnCoO powders were prepared by sol-gel method, and hydrogen injection was performed by
plasma treatment with varying treatment time. SR diffraction patterns were obtained at SPring-8 in Japan, and charge density
map was reconstructed using MEM. Ferromagnetic behaviors, observed by vibrating sample magnetometer, showed gradual
enhancement after hydrogen injection, which is consistent with the recent study on the correlation between hydrogen contents
and magnetism[3]. Hydrogen injection proportionally increased electron density at HAB site, which is possibly related with CoH-Co formation. Moreover, the increment of hydrogen treatment time increased electron density strongly at inplane Co-H bond
center, which implies magnetic anisotropy of ZnCoO. Consequently, these results show not only experimental evidences for
magnetic interaction of H and Co ions, but also an applicability of electron density analysis to magnetic structure study. [1]
Appl. Phys. Lett. 94, 212507 (2009).[2] Phys. Rev. B, 81, 212408 (2010). [3] J. Appl. Phys. 111, 07C304 (2012).
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P2-D068

2013.04.24-26, 대전컨벤션센터

Growth Temperature Dependent Ferrimagnetism in Mn3Ga Thin Films

SHIN Yooleemi, FENG Wuwei, DUONG Anh Tuan, CHO Sunglae
,
.
We report on the growth and the modified ferrimagnetism in DO22

structured Mn3Ga thin films epitaxially grown on GaSb(001) substrate
using molecular beam epitaxy. We have observed that the magnetic
properties were strongly dependent on the growth temperature. The net
magnetic moments of the Mn3Ga films grown at 30 and 200 oC were 0.23
and 0.75 µB/Mn atom, respectively. The as-studied Mn3Ga film was
found to exhibit relatively small coercivity around 400 Oe, which differs
greatly from the hard magnetic properties of bulk Mn3Ga.

P2-D069*

Electron spin resonance study of ferromagnetism in hydrothermally treated C60

LEE Cheol Eui, KIM Dowan, LEE Kyu Won
Department of Physics and Institute for Nano Science, Korea University.
Room-temperature ferromagnetism was observed in hydrothermally treated C60 fullerene with octylamine as the solvent, the
magnetic properties depending sensitively on the hydrothermal treatment time. In particular, broad electron spin resonance
signals attributed to the ferromagnetic phase were detected, the temperature dependence of their resonance field and linewidth
being investigated.
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Spectroscopic study of highly-oriented pyrolytic graphites modified by deuterium-ion-

irradiation

PARK Jun Kue, LEE Kyu Won, KWEON Jin Jung, LEE Cheol Eui, NOH S. J.1, KIM H. S.1, LIM S. T.2, KIM G. H.2
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713, Republic of Korea. 1Department of
Applied Physics, Dankook University, Yongin 448-701, Republic of Korea. 2Department of Energy Systems Engineering, Seoul
National University, Seoul, Korea.
We have carried out Raman, X-ray photoemission (XPS), and electron spin resonance (ESR) spectroscopy measurements on
the highly-oriented pyrolytic graphite (HOPG) modified by deuterium-ion-irradiation: 100-eV deuterium ions were irradiated on
the HOPG to doses of 1018 cm-2, 1019 cm-2, and 1020 cm-2. As concentrations of deuterium ions increase in the HOPG, a gradual
increase in local order was manifested by Raman and XPS spectroscopy. On the other hand, all the HOPG samples before and
after irradiation show an asymmetric ESR line shapes, indicating a conducting behavior of the samples.

P2-D071*

Angle Dependence Of Half Metallicity In Bilayer Zigzag Graphene Nanoribbons

JEON giwan, LEE Kyu Won, LEE Cheol Eui
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713.
Since the revelation of half-metallicity in zigzag graphene nanoribbons (ZGNRs), there have been considerable efforts to
reduce the critical electric field for half-metallicity. It has been shown that a functional group may change the magnitude of the
critical field, or render a monolayer ZGNR half-metallic or metallic. We have investigated the ZGNR bilayers (bi-ZGNR) of
various widths with AB-β stacking forms by means of density functional theory (DFT) calculations. The partial density of states
(PDOS) and the band structure calculations show that the critical electric field can be lowered by adjusting the field direction.
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P2-D075*
,

Hysteresis of Y-type Hexaferrite using XMCD
1,

1,

2,

2,

2,

3

,
. 1
,
. 2
. 3
,
.
Y-type hexaferrite Ba0.5Sr1.5Zn2Fe12O22 (BSZFO) and Ba0.5Sr1.5Zn2(Fe1-xAlx)12O22 (x = 0.08)(BSZFAO), one of multiferroic
materials, we could accuire magnetic moment value using XMCD experiment and sum rule calculation. According to these
results, orbital magnetic moment of iron(Fe) induced by off-centering of Fe3+ ion at some polyhedra and strange magnetic
anisotropy appeared. We could check these magnetic anisotropy by hysteresis of various absorption energy position by XMCD.
This reseach result was accuired by using 2A EPU beamline at PAL.
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P2-D076*
-

Co2+(d7)

Anisotropic Spin & Angular Moment of d Electron System Caused By Low Symmetry Field
Cluster Calculation

,
POSTECH,
.
Atomic d orbital have angular momentum L = 2. The angular momentum is quenched in octahedral crystal field; eg orbitals
have no algular momentum, and t2g orbitals have Leff = 1. Although the spherical symmetry of the system is lowered to
octahedral symmetry, Leff of t2g orbitals shows no directional preference. However, in low symmetry field, like tetrahedrally or
trigonally distorted crystal field, angular moment is aligned to a prefered direction, i.e. to an easy axis. We studied the
anisotropy of moments of Co2+(d7) cluster, including crystal field, electron-electron interaction, spin-orbit coupling, and
hybridization effect.

P2-D077
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. 1Northern Illinois University. 2
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2013.04.24-26, 대전컨벤션센터
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Observation of out-of-plane exchange bias in BiFeO3 thin films

SUNG Kildong, PARK Youngan, HUR Namjung, JUNG JongHoon
,
.
We report the observation of intriguing exchange bias in epitaxial grown BiFeO3 thin films. Even along the c-axis, i.e.
H//<001>, we clearly observe the exchange bias with the bias field of ~220 Oe at 10 K. To investigate the origin, we examined
the distribution of blocking temperature (TB) as well as the possible existence of g-Fe2O3 impurities [1, 2]. By performing
magnetic force microscopy and transmission electron microscopy measurements, we observed the existence of tiny amount of
g-Fe2O3 impurities which encapsulating the BiFeO3 grains. By performing the application of positive magnetic field from 350
K to annealing temperature (Ta) and subsequent negative field from Ta to 10 K, we discuss the role of distribution of blocking
temperature for intriguing exchange bias observed in BiFeO3 thin films. [1] K. D. Sung et al., J. Appl. Phys. 112, 033915 (2012)
[2] C. K. Safeer et al., Appl. Phys. Lett. 100, 072402 (2012)

- 194 -

2013 봄 학술논문발표회 및 제89회 정기총회

P2-D080
,

,

2013.04.24-26, 대전컨벤션센터

The Electronic and Magnetic Structure of MnTe2

.
We have investigated the electronic and magnetic structure of MnTe2. Especially, the magnetic structure of MnTe2 had caused
considerable controversy[refs]three types of magnetic structure had been competing as its magnetic ground state.1-3 Recently,
Mossbauer spectroscopy and neutron diffraction experiment reported a strongly support that MnTe2 has a non-collinear
magnetic structurewith the magnetic moments of the four manganese ions of the unit cell pointing along the body diagonals of
the cube corresponding to their local axes.(C-type)4 Previous theoretical calculation have tested magnetic states in which the
spin moments are aligned as only collinear such as ferromagnetic(FM) and antiferromagnetic(AFM).5 And they didn't adopted
LSDA+U scheme for considering strong Coulomb correlation of Mn d electronsIn this research, we have tested the three noncollinear magnetic structure which had been in experimental controversy by comparing total energies between spin
configurations based on LAPW ab initio calculation, taking into account the strong Coulomb correlation(using the LSDA+U
approach)
References 1. J. M. Hastings, N. Elliot, and L. M.
Corliss, Phys. Rev. 115, 13 (1959); H. J. F. Jansen and A. J. Freeman, ibid. 30, 561 (1984) 2. M. Pasternak, and A. L.
Spijkervet, Phys. Rev. 181, 574 (1970) 3. J. M. Hastings, L. M. Corliss, M. Blume, and M. Pasternak, Phys. Rev. B 1, 3209
(1970) 4. P. Vulliet, J. P. Sanchez, D.Braithwaite, M. Amanowicz, and B. Balaman, Phys. Rev. B 63, 184403 (2001) 5. K. V.
Kaznacheyev, T. Muro, T. Matsushita, T. Iwasski, Y. Kuwata, H. Harada, S. Suga, H. Ishii, T. Miyahara, T. Mizokawa, A.
Fujimori, T. Harada, and T. Kanomata, Phys. Rev. 58, 13491(1998)

P2-D081*

Magnon Contribution to The Specific Heat of (Y/Lu)MnO3 Estimated from Inelastic
Neutron Scattering Data

OH Joosung, JEONG Jaehong, NAKAJIMA Kenji1, OHIRA-KAWAMURA Seiko1, PARK Je-Geun2
IBS Research Center for Functional Interfaces and Correrated Electron systems, Seoul National University. 1Materials and
Life Science Division, J-PARC Center, Japan Atomic Energy Agency. 2IBS Research Center for Functional Interfaces and
Correlated Electron Systems, Seoul National University.
Hexagonal manganites RMnO3 (R=rare-earth ions) are one of most extensively studied multiferroics and exhibit effects due to
magnetic frustration arising from a two dimensional triangular lattice. A coupling between the ferroelectric and magnetic order
parameters was borne out by several physical properties such as the dielectric constant and thermal expansion coefficient, to
name only a few. Below the antiferromagnetic transition temperature, the magnetic specific heat of (Y/Lu)MnO3 exhibits broad
features apart from the lamba-like anomaly due the antiferromagnetic ordering[1]2. Although a couple of scenarios including a
spin reorientation transition have been so far put forward, none of them seems to be able to explain the anomaly correctly.In this
report, we performed inelastic neutron scattering experiments to explain the anomaly in terms of magnon entropy. We carried
out our experiments using powder samples of (Y/Lu)MnO3 at the AMATERAS beamline at J-PARC. In order to obtain the
magnetic DOS from the experimental data, we have corrected our raw data for the dynamical structure factor, calculated using a
model Hamiltonian consistent with the measured spin waves. The magnetic specific heat then calculated using the obtained
DOS is found to explain the broad feature in the measured magnetic specific heat not only qualitatively but also quantitatively.
Based on this analysis, we conclude that the origin of the broad feature in the specific heat is due to the Debye-like contribution
of magnon. [1] D. G. Tomuta et al., J. Phys.: Condens. Matter 13 4543-4522 (2001)2 J. Park et al., Phys. Rev. B 82, 054429
(2010)
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P2-D082*

2013.04.24-26, 대전컨벤션센터

Long- and Short-Ranged Structure of Multiferroic Pb(Fe0.5Nb0.5)O3

SIM Hasung, LEE Sanghyun, HONG Kun-Pyo, LEE Seongsu1, KAMIYAMA Takashi2, OTOMO Toshiya2, CHEONG SangWook3, PARK Je-Geun
IBS Research Center for Functional Interfaces and Correlated Electron Systems, Seoul National University, Seoul 151-747,
Korea. 1Neutron Science Division, Korea Atomic Energy Research Institute, Daejeon 305-353, Korea. 2Institute of Materials
Structure Science & J-PARC Center, KEK, Tsukuba 305-0801, Japan. 3Rutgers Center for Emergent Materials and
Department of Physics and Astronomy, Rutgers University, Piscataway New Jersey 08854, USA.
Lead iron niobate Pb(Fe0.5Nb0.5)O3 (PFN) is a multiferroic disordered system. It has a G-type antiferromagnetic transition at
TN = 143 K and a ferroelectric transition at TC = 385 K. Its reported high dielectric constant makes it a suitable candidate
material for multilayer ceramic capacitors as well as other electronic devices. Despite the interesting properties, however there
is still controversy over the room temperature structure: for example, two competing space groups of R3m and Cm structure
have been so far proposed. More importantly, it is not clear whether this material has Pb-disorder. More recently, it was reported
to have interesting negative thermal expansion behavior below the antiferromagnetic transition. In order to understand the
properties better and resolve some of the controversies, we carried out both high resolution neutron powder diffraction and total
scattering experiments using S-HRPD and NOVA beamlines of J-PARC, respectively. By taking advantage of the data, we
could analyze both long-ranged and short-ranged structures systematically.For example, we found that there is no negative
thermal expansion behavior below the antiferromagnetic transition by carefully examining the S-HRPD data. Our high
resolution S-HRPD data also showed that the thermal parameter of Pb ion is unusually large, indicative of the existence of static
disorder at the Pb site. This observation is corroborated by our total scattering analysis using the NOVA data.

P2-D083

Raman scattering studies of LiFe1-xMnxPO4

CHUNG Joo-Hee, NGUYEN Thi Minh Hien, CHEN Xiang-Bai1, KWON Woo Jun2, KIM Chul Sung2, YANG In-Sang
Ewha Womans University, Department of Physics. 1Konkuk University, Department of Applied Physics. 2Kookmin University,
Department of Physics.
The olivine crystal structured LiFePO4 is an ideal candidate as cathode material in rechargeable Li-ion batteries which shows
antiferromagnetic ordering below the Néel temperature. Recently, the Mn-doped LiFePO4 have been investigated to improve
electrochemical performance of LiFePO4 batteries.We have measured Raman spectra of LiFe1-xMnxPO4(x=0, 0.3, 0.5) at low
temperatures, and studied the temperature dependence of the various phonon modes. From our Raman studies of LiFe1xMnxPO4, we focused on analyzing structural changes in Energy. Here, we have completely assigned the symmetries of the 9
Raman modes observed, as expected from a group theoretical analysis. These Raman modes have been classified into several
groups according to temperature dependence of the modes. Two PO43- external vibrational modes have been identified by their
strong temperature dependence of the Raman wavenumbers, while other modes could be classified as internal vibrational modes
due to their weak temperature dependence. Our Raman studies clearly show that Mn-doping in LiFePO4 increases the
correlation between the internal and external modes.Some of modes which are affected by Mn-doping have also been identified
in the temperature dependence. The temperature dependence of the 632 cm-1, 952 cm-1, 1072 cm-1 modes displayed an
anomalous behavior below the magnetic transition temperature(Néel temperature). Comparing that with the result of magnetic
measurement, we could suggest that the partial replacement of Fe by Mn in LiFe1-xMnxPO4 affect the behavior of some
particular phonon modes through the spin-phonon coupling.
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P2-D084*

2013.04.24-26, 대전컨벤션센터

Ultrafast Terahertz Transmission Ellipsometry of YMn2O5 Electromagnons

KIM Hyosub, YI Minwoo1, WANG Xueyun2, CHEONG Sang-Wook2, AHN Jaewook
Department of Physics, KAIST. 1
. 2Rutgers Center for Emergent Materials and Department of Physics and
Astronomy, Rutgers University.
Single crystal YMn2O5 is a bi-axial birefringent material, which has three electric dipole active absorptions near sub-terahertz
frequency range along the b-crystallographic axis, known as so-called electromagnons, while the other axes are spectrally
flat. Terahertz time domain spectroscopy has its advantage in that direct electric field measurement in time axis provides both
amplitude and phase information of ultrabroadband spectrum. This advantage and sample birefringency is applied to
measurement of two adjacent electromagnons of YMn2O5 that are otherwise unresolvable in conventional transmission
spectroscopy. The retrieved oscillator parameters based on electro-optic effects in a lossy birefringent material show good
agreement with the previously reported Fourier transform infrared spectroscopy data.

P2-D085*

Coherent Control of Spin Precession with Terahertz Magnetic Field in YFeO3

KIM Tae-heon, HAMH Sun Young, HAN Jeong Woo, KANG chul1, JUNG Seonghoon2, PARK Jaehun2, TOKUNAGA Y3,
TOKURA Y4, LEE Jong seok
Department of Physics and Photon Science, Gwangju Institute of Science and Technology(GIST). 1Advanced Photonics
Research Institute(APRI). 2PAL, POSTECH, Pohang 790-784. 3CMRG and CERG RIKEN ASI, Japan. 4Department of
Applied Physics, University of Tokyo.
We demonstrate that canted antiferromagnetic YFeO3 experiences Zeeman torque with magnetic component of linearly
polarized terahertz pulse and the coherent spin motion radiates the circularly polarized terahertz wave (0.3THz, quasi
ferromagnetic mode). We have clarified the difference between resonance and non-resonance spin pumping by using Band Pass
Filter and confirmed the resonance effect in the spin state control. In simulation, we reaffirmed the experimental results and
could predict that spin state can be freely controlled by tuning the amplitude and frequency of single pulse, and the delay
time and pulse duration of multi-pulses.
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P2-D088

2013.04.24-26, 대전컨벤션센터

Roational states of a single-molecule magnet in the presence of a magnetic field along the

medium

KIM Gwang-Hee
Sejong Univ., Dept. of Physics.
We study a single-molecule-magnet (SMM) that displays quantum tunneling and is free to rotate about its anisotropy axis. In the
presence of an external magnetic field along the medium axis we obtain the critical value of the field that separates zero and
nonzero spin states of the SMM. The lowest (highest) critical field that separates low-energy eigenstates of the SMM occurs at
J=S (J=0) where J (S) is the total (spin) angular momentum. We present its tunneling splitting as a function of the field.

P2-D089

High Temperature X-ray Analysis of α-HgI2.

YEO Sunmog, HA Jang Ho, PARK Changyul, KIM Han Soo, KIM Young Soo
KAERI.
α-HgI2 single crystals are successfully grown by using an oil bath furnace. X-ray diffraction experiments at room temperature
reveal that the crystals are grown along (001) direction. In addition, high temperature X-ray diffraction experiments show that
(114) and (200) peaks are clear splitting at 70 ℃ and 100 ℃ without undergoing any structural transition. Based on this
observation, we discuss the physical reasons for the magnetic susceptibility anomaly around 60 ℃. High temperature x-ray
diffraction, Single crystal, Magnetism
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P2-D090

2013.04.24-26, 대전컨벤션센터

A Study of Magnetic Hysteresis Properties of a Nb Micro-Ring Using Cantilever

Magnetometry

CHOI Heon Hwa, KIM Yun-Won1, KIM Mun Seog1, LEE Soon-Gul2, CHOI Jae-Hyuk
Division of Physical Metrology, Korea Research Institute of Standards and Science, Korea ; Department of Nano Science,
University of Science and Technology, Daejeon, Korea. 1Division of Physical Metrology, Korea Research Institute of
Standards and Science, Korea. 2Department of Display and Semiconductor Physics, Korea University, Korea.
Ultra-soft cantilever magnetometries are becoming a powerful tool for measuring the magnetic properties of micrometer-sized
samples. While the existing cantilever magnetometry techniquesprobe the cantilever frequency shift proportional to magnetic
field, we present a novel method, which measures a cantilever displacement in a givenmagnetic field gradient, enabling the
magnetic measurement in very small magnetic field. Using the method, we studied the magnetic hysteresis of a micrometersized Nb ringin sweeping fields at temperatures of 3.5 K, 6.0 K, and 7.5 K. The 100 nm-thin ring with an inner radius of 2 um
was prepared on the end of a 360 um long, 4 um wide and 200 nm thick SiN cantilever. The magnetic hysteresis behaviors were
analyzed with critical state models and in consideration of surface barrier effect, sample boundary effect, and the ring geometry.

P2-D091

Low Temperature Thermometry using Magnetic Field Fluctuation Thermometers.

1,
2,
3,
3
,
,
University of Science & Technology,
. 1
,
. 2
,
3
.
.
Resistance thermometers are widely considered in low temperature thermometry because of their fast respond and precision.
However, they can be used as secondary thermometer due to the need of calibration for the operating temperatures.Whereas, the
magnetic field fluctuation thermometer is a noise thermometer that can detect the temperature by measuring the magnetic field
fluctuation inside a copper sample holder based on Nyquist relation. It is generated as white noise. A roll-off frequency appears
in frequency spectrum originating from the skin depth of the metal. The magnetic flux noise is measured by a sensitive dcSQUID above the sample holder. It requires one point calibration for wide operating temperatures although it can be designed as
a primary thermometer. In the presentation, the measurement principle of the noise thermometer is introduced with a practical
application with a RuO2 thermometer in an adiabatic demagnetization refrigerator.
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P2-D092*

2013.04.24-26, 대전컨벤션센터

Threshold for The Formation of Liquid Crystalline Phase of Graphene Oxide in Water

LEE Kieup, PARK Ji Hyun, JO HyeRan, DERYCKE Vincent1, FILORAMO Arianna1, CAMPIDELLI Stephane1, SCALIA
Giusy2
Graduate School of Convergence Science and Technology, Seoul National University (Korea). 1Molecular Electronics
Laboratory, Condensed Matter Physics Department, IRAMIS Institute, CEA Saclay, (France). 2Graduate School of
Convergence Science and Technology, Seoul National University (Korea), Advanced Institutes of Convergence Technology
(AICT).
Graphene oxide is an oxidative form of graphene, useful because it allows a perfect exfoliation of graphite, obtaining single
layer graphene, and, in addition become easily dispersed in water. Interestingly, graphene oxide can self-organized, forming
liquid crystal (LC) phases of the discotic lyotropic type. LC phases formation is strongly related with the dimension of the
flakes and their quality, in particular the flatness, of the flakes. For our graphene oxide, comprising very large flakes, we have
observed the formation of uniform liquid crystal phases for concentrations of graphene oxide, in water, ranging from 4 to
0.5mg/mL. For a lower concentration, equal to 0.25mg/ml we observe a bi-phase regime, with coexistence of liquid crystal and
isotropic phases. For lower concentrations, the isotropic phase becomes more and more extended until all become isotropic. The
very low threshold for the formation of an organized phase is connected to the presence of very large flakes with small amount
of defects. Therefore, identifying the threshold for the phase formation can be a good tool for assessing the quality of graphene
oxide.

P2-D093*

Chemical and Topological Properties of Surface Modified Parylene-C Films

BAE Junwan, LEE Injae
Chonbuk National University Department of Physics.
Parylene is a family of chemical vapor deposited polymer with material properties that are attractive for wide range of
applications including nanobiotechnology and electronic devices. Its excellent barrier properties for moisture and chemical
attack make the family of Parylene an ideal material for passivation coatings. However, poor adhesion of these materials with
other surfaces is a major hurdle in the reliable and durable performance of the electronic devices. In this study, we deposit
Parylene-C (Di-Chloro-Para-Xylylene) films on naturally grown SiO2 layer on Si substrates using Chemical Vapor Deposition
(CVD) method and functionalize the surface with oxygen plasma with various conditions to promote adhesion. Contact angle
measurements indicate a drastic enhancement of surface energies of the functionalized parylene films. We report studies of
chemical and topological properties of the surface modified parylene films with X-ray Photoelectron Spectroscopy and Atomic
Force Microscopy.
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P2-D094*
,

2013.04.24-26, 대전컨벤션센터
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P2-D095*
,
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Low-temperature photoresponsive characteristics of few layers MoS2 transistor
,

,

1,

,
. 1
,
.
One of the transition metal dichalcogenides MoS2 has used for the research for field-effect trnasistors (FET). Monolayer MoS2

FET (a high current ON/OFF ratio (~108), a low subthreshold swing (~70 mV/decade), and a mobility (~200 cm2/V×s))[1] and
multilayer MoS2 phototransistors (a high detectivity from ultraviolet to infrared)[2] were reported. We investigated
photoresponsive characteristics of MoS2 transistors at low temperature. The thickness of MoS2 was measured by an AFM and
then few layers MoS2 phototransistors were fabricated by using an e-beam lithography.
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P2-D096*
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P2-D097*

Negative Differential Resistance of Organic Thin Film Transistor Controlled by
Wavelength and Power of Incident Light
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P2-D099*

2013.04.24-26, 대전컨벤션센터

Measuring the fluorescence decay lifetimes of single molecules

LEE Jaejin, KIM Sung Hyun, KIM Doseok
Department of physics, Sogang university.
To probe fluorescently labeled biomolecules in a single-molecule
experiment, the biomolecules are commonly immobilized on a glass slide
surface with enough separation between the molecules, so that the
fluorescence of the individual molecules can be measured to deduce the
structure of the biomolecule or the specific biological process. Often it is
assumed that the local environment of the surface is uniform throughout
the observation area. However, if the condition at the surface is slightly
different depending on the location, the fluorescence property of the labeled dye itself can change accordingly. This
inhomogeneity would introduce some distribution in the measured fluorescence signal (e. g. fluorescence intensity, fluorescence
decay lifetime, and FRET efficiency) to limit the accuracy in the measurement. Therefore, careful preparation and
characterization of the surface is prerequisite to improve the accuracy in the single-molecule measurement. In this study, we
examined the location-dependent fluorescence characteristics of several identical dye molecules immobilized on a quarts glass
surface. To accurately measure the fluorescence properties of individual molecules, we first constructed a scanning confocal
microscope to locate the immobilized molecules. Time-correlated single photon counting (TCSPC) was then used to measure
the fluorescence decay lifetime of these individual molecules, from which the location-dependent quantum yield distribution of
the dye molecules was obtained.

P2-D100*
,
,
,
Department of Physics and Astronomy, Seoul National University.
In this presentation, we report the asymmetric electrical characteristic of alkyl molecules with ferrocene end-group on rigid and
flexible substrates. From the various electrical measurements such as temperature-variable characterization and transition
voltage spectroscopy characterization, we were able to understand the conduction mechanisms of these molecular junctions and
the origin of the asymmetric electrical transport properties. In addition, these molecular junctions retained the asymmetrical
electrical properties when they were applied on flexible substrates under various mechanical stress environments. This research
can enhance our understanding of the rectifying molecules and will lead to further development of high performance molecular
diodes on unconventional flexible configurations.
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P2-D101*
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P2-D102
C) at HANARO

Protein Single Crystal Growth and Status of the Neutron Image Plate Diffractometer (Bio-

KIM Shin Ae, CHO Sang-Jin, MAGAY Elena, RYU Sun-Young, YOON Tae-Sung1, LEE Kye-Hong
Korea Atomic Energy Research Institute. 1Korea Research Institute of Bioscience and Biotechnology.
Neutron crystallography is a powerful technique for locating hydrogen atoms and thereby provides a more complete picture of
the three-dimensional atomic structure of the proteins. However, the big disadvantage of neutron crystallography is the
relatively low flux of the available neutron beams and therefore a relatively lower throughput. It requires either big crystals or
very long exposure times for smaller crystals to get a measurable diffraction signal. In order to grow single crystals for neutron
diffraction experiments, we developed a simple magnetic field device with the commercial magnets and succeeded in growing
hen egg-white lysozyme(HEWL) single crystals of more than 1mm3 in volume using this device. Bio-C is a single crystal
diffractometer with a neutron image plate detector for determining biological macromolecules structures. The diffractometer
was installed at the ST3 beam port of the research reactor HANARO. Commissioning of Bio-C has commenced and the first
beam tests were carried out with large-size HEWL single crystal as a bench-marking crystal. Afterr the commissioning we
expect that Bio-C can provide a research opportunity to apply neutron crystallography to the life sciences. In this presentation,
we will report on the growth of the large-size biological single crystal samples suitable for neutron diffraction experiments and
on the commissioning status of Bio-C. * This work was supported by "SEED" program (Seed-11-7) of the Korea Research
Council of Fundamental Science and Technology (KRCF).
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P2-D103

2013.04.24-26, 대전컨벤션센터

Terahertz Spectroscopy of PDMS Flexible Polymer

SIM Kyung Ik, LEE Young Ik, HA Tae Woo, CHOI Kyujin, IM Seongil, KIM Jae Hoon
Department of Physics, Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749 Korea.
We studied PDMS (polydimethylsiloxane) elastomeric polymer with terahertz time-domain spectroscopy (THz-TDS) over the
frequency range of 5 - 100 cm-1. We extracted both the real and imaginary parts of the optical conductivity and thickness from
the measured complex transmission spectra, all independently, based on the Total Variation Method (TVM). We observed a
noticeable change in the terahertz transmission below 10 cm-1 (0.3 THz) when the PDMS is under a stress.

P3-D104*

The resistive switching effect in BiFeO3 nanoisland on Nb:SrTiO3
1,

1,
1,
,
,
Division of quantum phases & Devices, School of physics, Konkuk
University, Seoul, Korea. 1Department of Nano Technology and
Advanced Materials Engineering, Sejong University, Seoul, Korea.
The request for non-volatile memory technologies that offer high speed,
high storage density and low power consumption has drived intensive
study on functional materials and new mechanism of device. Recently,
multiferroic/ferroelectric materials have shown intriguing electrical
transport properties. However, the resitive swithcing effect in ferroelectric
capacitor is still debate. In this work, we investigated the local charge
conductions in highly oriented ferroelectric BiFeO3 nanoislands array on

0.5wt% Nb-doped SrTiO3 substrate by using conductive atomic force
microscopy and piezoresponse force microscopy. We observed hysteretic
I-V curves in BiFeO3 nanoislands, even BiFeO3 nanoislands do not exhibit polarization reversal due to Pdown pinning. It was
found that the conduction change mainly stem from modulation of BiFeO3/Nb:SrTiO3 junction in the Pt/BiFeO3/Nb:SrTiO3
nanostructure. BiFeO3/Nb:SrTiO3 heterostructures behaved as p-n junctions. Accordingly, the movement of oxygen vacancies
and/or electrons under high positive bias could be main origin for modulating the depletion width or the potential barrier height
at the BiFeO3/Nb:SrTiO3 interface leading to resistive switching in Pt/BiFeO3/ Nb:SrTiO3. It was suggested that the depletion
width modulation induced by migration of charge carriers at the BiFeO3/Nb:SrTiO3 interface plays a dominant role in the oneside hysteresis of I-V curve.
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P3-D105*
properties

2013.04.24-26, 대전컨벤션센터

Mn modified BiFeO3-BaTiO3 ceramics with high Curie temperature and their piezoelectric

KIM Dajeong, LEE MYANGHWAN, PARK Jinsu, KIM Myongho, SONG Taekwon, KIM Sangwook, KIM Sangsoo, KIM
Wonjeong, DO Dalhyun
School of Nano & Advanced Mat. Eng., Changwon Nat’l Univ., Gyeongnam 641-773, Korea.
Bi-based pervoskite material with higher Tc became highly attractive, such as BiFeO3 (BFO, Tc ~ 830 oC), however BFO have
lower ferroelectric property due to high leakage current. The one of the Ti oxide pervoskite is barium titanate (BaTiO3, BT)
ceramics have a typical lead-free ferroelectric material, but its Tc is only 132 °C. Recently, a BiFeO3–BaTiO3(BF–BT) solid
solution bulk ceramic is presented as potential lead-free piezoelectric ceramic. Mn modified BF-BT bulk ceramic was prepared
via a typical solid-state reaction process. The Mn doping of a small amount is effective to improve electrical properties and
sintering behavior. The XRD analysis, microstructure, dielectric, ferroelectric and piezoelectric properties investigated.

P3-D106*

Coherence of structural and electrical properties of (1-x)(Bi0.5Na0.5)TiO3-xSrTiO3 ceramics

KIM Sangwook, CHOI Haein, KIM Won-jeong, KIM Dajeong1, PARK Jinsu1, LEE Myanghwan1, JINSU Kim1, KIM Myongho1, SONG Taekwon1, DO Dalhyun2
Department of Physics, Changwon National University, Changwon 641-773, Korea. 1School of Nano & Adanced Materials
Engineering, Changwon National University, Changwon 641-773, Korea. 2Department of Advanced Materials Engineering,
Keimyung University, Daegu 704-701, Republic of Korea.
Lead based piezoelectric bulk ceramics are used for various devices because of their excellent piezoelectric properties. Due to
the toxic lead in lead-based piezoelectric, it is important to fine other lead-free piezoelectric metal for device applications. The
good piezoelectric property at the morphotropic phase boundary (MPB) has been studied in lead-free (Bi0.5Na0.5)TiO3 (BNT)based solid solution ceramics. Recently, it has been reported that MPB was formed in (Bi0.5Na0.5)TiO3-SrTiO3 (BNT-ST) solid
solution ceramic. However, BNT-ST solid solution ceramic has not been studied much in terms of the structural analysis and
electrical properties.In this study, (1-x)(Bi0.5Na0.5)TiO3-xSrTiO3 bulk ceramics were formed using a solid state reaction.
Structure of the BNT-ST ceramics were analyzed by a Rietveld method with X-ray diffraction data. As a result of reliable
structural refinement, the mixture of rhombohedral and tetragonal phases was observed in a range of x=0.1~0.3, which could be
considered as MPB. The BNT-ST has a widely phase combination. The piezoelectric constant d33 was 140 pC/N at x=0.2. More
detailed fitting procedures and results will be discussed in the presentation.
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P3-D107*

Ferroelectric and Piezoelectric Properties of 0.67BiFeO3 - 0.33BaTiO3 Solid Solution Bulk
Ceramic and Thin Films
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The morphotropic phase boundary (MPB) in BiFeO3-BaTiO3 (BF-BT) solid solution system has gained lots of attention for
many researchers; need to investigate and explore the ferroelectric and piezoelectric properties of this system concerning to the
environmental protection and the development of lead free piezoelectric ceramics. Here, we have investigated the ferroelectric
and piezoelectric properties for bulk ceramics as well as thin films of 0.67BF-0.33BT solid solution system. The bulk ceramics
was prepared by typical solid-state reaction; thin films was deposited on a Pt (111)/Ti/SiO2/Si(100) substrate by pulse laser
deposition (PLD). Both the films as well as bulk ceramics showed typical ferroelectric hysteresis behavior. Bulk ceramics
showed the remnant polarization (2Pr) and coercivity (2Ec) of 37 µC/cm2 and 54 kV/cm respectively. The low and high electric
field piezoelectric constant i.e. d33 and d33* was observed to be 146pC/N and 260 pm/V respectively for bulk ceramics. The
uniform thin films were grown under various deposition conditions and investigated their ferroelectric and piezoelectric
behavior and discussed here.

P3-D108*
,

Non-volatile memory device using ferroelectric polymer nanodot and carbon nanotube
,

1,

2

,
. 1
,
. 2
,
.
We demonstrate non-volatile memory using a ferroelectric nanodot and a single wall CNT (SWNT). We carried out positioncontrolled dip-pen nanolithography using a silicon nitride cantilever for the formation of a poly(vinyliden fluoride-rantrifluoroethylene)(P(VDF-TrFE)) nanodot on a SWNT, which has source and drain for the preparation of FET. We successfully
fabricated a P(VDF-TrFE) nanodot FET (PVDF-FET) memory device consisted of the SWNT and the ferroelectric polymer
nanodot. We further confirmed canonical ferroelectric responses of the ferroelectric polymer nanodot using piezoelectric force
microscopy. Depending on the polarity of ferroelectric polarization, two-clearly separate current states were observed in the
PVDF-FET memory device, which gives the opportunity for nonvolatile memory applications.
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P3-D109*

Tunnel Resistance in Edge Metal-Insulator-Metal Junctions Modulated by Underlying
Ferroelectric Polarization Switching

JUNG Sungchul, JEON Youngeun, JIN Han Byul, KO Jae-Hyeon1, KIM Nam2, EOM Daejin3, PARK Kibog*
School of Electrical and Computer Engineering, KIER-UNIST Advanced Center for Energy, Ulsan National Institute of Science
and Technology. 1Department of Physics, Hallym University. 2Division of Convergence Technology, Korea Research Institute
of Standards and Science. 3Korea Research Institute of Standards and Science.
An enormous amount of research activities has been devoted to developing new types of non-volatile memory devices as the
potential replacements of current flash memory devices. In this study, theoretical device modeling was performed to
demonstrate a huge change of tunnel resistance (several orders of magnitude in switching ratio) in an Edge Metal-InsulatorMetal (EMIM) junction of metal crossbar structure formed on a ferroelectric layer. The electric fringe field originated from the
underlying ferroelectric layer deforms the electronic energy band profile through insulator in the EMIM junction. The
modulation of this electric fringe field due to the polarization switching in the underlying ferroelectric layer changes the tunnel
resistance of EMIM junction. The largest switching ratio is about 67,500 when the voltage across the junction reaches FowlerNordheim tunneling point. This giant electro-resistance in the EMIM junction on ferroelectric layer can open up the way of
fabricating all-thin-film-based, high-density, high-speed, low-power non-volatile memory devices that are stackable to realize
3D memory architecture.

P3-D110*

Influence of work-function with different top electrodes on the photovoltaic effect of Bilayered (Na0.82K0.18)0.5Bi4.5Ti4O15 thin films
,

,

,
,
, EHSRC.
Photocurrent in ferroelectric thin films has gradually attracted research
attention due to its potential applications for micro generator and wireless
actuation that are useful and applicable to micro-electro-mechanical
system (MEMS). We have deposited (Na0.82K0.18)0.5Bi4.5Ti4O15
[NKBiT15] ferroelectric thin films by chemical solution deposition
method and investigated photovoltaic behavior with different top
electrodes of Pt and ITO sandwiched Bi- layered structure. The observed
photocurrent of NKBiT15 films strongly depends on the wavelength of
incident light beam in the wavelength range og 300-500 nm. Maximum
photocurrent of ITO/NKBiT15/Pt was obtained -27.75 nA/cm2 at 352 nm
and the band gap energy of NKBiT15 thin films was 3.52 eV. It is
observed at light that when Pt is used as a top electrode, the Voc and the Jsc for the device are -0.74 V and 16.40 nA/cm2,
respectively. Both Voc and the Jsc are seen to -0.94 V and 45.25 nA/cm2 with ITO as the top electrode.

- 209 -

2013 봄 학술논문발표회 및 제89회 정기총회

P3-D111*

2013.04.24-26, 대전컨벤션센터

Amorphous Oxide Films Synthesized by Laser Annealing

2,
,
,
,
,
,
,
,
. 1
,
. 2ETRI.
There have been many attempts to synthesize amorphous oxide films for applications including flexible electronic devices and
non-silicon-based transistor. When forming metal oxide films, heating above the crystallization temperature is inevitable.
However, the most flexible substrates cannot bear high temperature process. In addition, native oxidation is not available for
some semiconductors excluding silicon. Since amorphous metal oxide films serve as important parts, including transparent
semiconducting channel and insulating gate barrier, advanced synthesis methods for amorphous oxide films are desired. In this
study, we have experimentally test laser annealing for fabricating amorphous oxide films by pulsed excimer laser. We applied
laser annealing on solution coated films on silicon wafers, which transform into amorphous oxide layer. Intense ultra-violet
laser pulses trigger photo-induced electron-hole pair as well as surface heating, although the averaged power is much lower than
continuous ultra-violet lamp. We discuss influence of laser power and pulse numbers, atmosphere on microscopic and chemical
properties of the films. [Acknowledgement : NRF-2012R1A1A2043619]

,

P3-D112*

1,

Optical characterization on the Pb(Zr,Ti)O3 nanotubes synthesized with porous alumina

membrane

JEON Chang Hyun, KIM Dong Hwan, LEE Yun Sang, SHIN Hae Young1, YOON Seok Hyun1, CHOI Yong Chan2, HAN Jin
Kyu2, BU Sang Don2
Department of Physics, Soongsil University, Seoul 156-743. 1Department of Physics, Ewha Womans University, Seoul 120750. 2Department of Physics, Chonbuk National University, Jeonju 561-756.
We report on the optical property of ultrathin-walled Pb(Zr,Ti)O3 (PZT) nanotubes (NTs) with variation of the diameter. The
PZT NTs were synthesized in the sol-gel template directed method with a spin-coating process. The porous alumina membrane
was used as a template. The photoluminescence (PL) spectra were measured by using the 325 nm photo-excitation as a function
of temperature. We observed a sizable visible emission around 550 nm for the PZT NTs even at room temperature. With
decreasing temperature, the PL intensity was enhanced dramatically with shift of the peak position to lower energy. From the
transmission measurement we found that the absorption edges of the PZT NTs are in the visible region, while the bandgaps of
PZT and alumina in themselves are larger. The optical properties of PZT NTs show the strong dependence on the diameter of
NTs.
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2013.04.24-26, 대전컨벤션센터

Effect of depolarization field in chemically modified bilayer hexagonal Boron Nitride

, NOOR-A-ALAM Md,
,
.
Using first principle calculations, we calculate various stacking patterns of chair form of chemically modified bilayers of h-BN
with hydrogen (H) and fluorine (F) atoms and find that AA0 –type stacking (where two layers are identically sit on each other)
is the most stable for every case. Although monolayers of h-BN and chair form of hydrogenated/fluorinated and co-decorated hBN monolayers are insulator, we find interesting metallic behavior for freestanding bilayer of chair HBNH (H at both B- and Nsites) and chair FBNH (F at B-sites while H at N-sites) when chair FBNF (F at both B- and N-sites) and chair HBNF (H at Bsites but F at N-sites) bilayers preserve insulating behavior. Depolarization field plays a vital rule in band gap. In bilayer of
chair HBNH and chair FBNH, because of their large dipole moment per layer (48.63 pC/m and 80.57 pC/m, respectively), high
depolarization fields make them metallic. But, in chair FBNF and chair HBNF bilayers, weak depolarization fields due to their
small dipole moment per layer (14.84 pC/m and 23.78 pC/m, respectively) retain insulating property. To remove depolarization
field, we use graphene as electrodes and find that band gap appears as depolarization field decreases. Down to the nano-scale
our observations may find some novel applications.

P3-D114*
,

,

Phase field simulations of two-dimensional ferroelectrics

,
.
Phase field simulations of two-dimensional lead-free ferroelectrics (BaTilO3 and BiAlO3) are conducted by using a phase field
model based on the time dependent Ginzburg-Landau theory. All the parameters of the model was fitted to the densityfunctional theory calculations which were performed under the local density approximation. Along the x axis the periodic
boundary conditions are used, and the thickness along the y axis is changed to understand the domain stability depending on the
thin film thickness. We will compare our results with that of the thin film PbTiO3, which showed the relation between the
thickness of the ferroelectric film and the size of ferroelectric domains.
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Large Electric Field-Induced Strain in Nb-Doped Bi1/2(Na0.84K0.16)1/2TiO3 –SrTiO3

Ceramics

MALIK Rizwan Ahmed,

,

1,

,

1

. 1
.
Lead-free 0.96[Bi1/2(Na0.84K0.16)1/2(Ti (1-x) Nbx) O3]–0.04SrTiO3
(BNKTN-ST, with x = 0 – 0.03) ceramics were synthesized by
conventional solid state reaction. Polarization and strain hysteresis loops
indicated a significant disruption of ferroelectric order accompanied by an
enhanced field-induced strain (S = 0.438%) with a large normalized strain
Smax/Emax of 876 pm/V at 50 kV/cm in a bulk sample. Moreover, a large
normalized strain (720 pm/V) at a low driving field (4.5 kV/mm) was
successfully achieved in a stack-type multilayer actuator.

P3-D116*
,

Structural and Electrical Properties of (La3+ and V5+)-doped Bi6Fe2Ti3O18 Thin Films
,

, RAGHAVAN Cinnambedu Murugesan,

,

,

.
,

,

2
,
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,
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P3-D117*

Effects of Acceptor-doping on Electrical Properties of Na0.5Bi4.5Ti4O15 Thin Film Prepared
by Chemical Solution Deposition Process
,

,

, RAGHAVAN Chinnambedu Murugesan,

,
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P3-D118*
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.
-

29.2

mC/cm2

.

The Growth Of Anatase (or Rutile) TiO2 Phase Using RF Magnetron Sputter

,

,
,
.
TiO2 thin films were deposited on p-type Si-wafer (100) substrates, from TiO2 targets with a diameter of 3 inches, employing by
a conventional RF magnetron reactive sputter system. For the fixed target-to-substrate distance (6cm), films were deposited with
several deposition conditions. Substrate temperature (Ts) was varied from room temperature to 300 ℃. The sputtering was
performed at RF powers in the range of 100∼250 W for the deposition time of 0.5 ∼ 1.5 hours. The crystalline structures of the
films, deposited with unique parameters, were investigated by X-ray diffraction analyses. Both the surface image and the
thickness of films were investigated by SEM. The anatase phase gradually decrease due to a growth condition. The rutile phase,
however, gradually increase. We will discuss these and other results.
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,
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P3-D120

Nanoprobing of Friction and Charge Transport Properties of Vanadium Dioxide under
Metal-Insulator Transition
KIM Jong Hun, WU Junqiao1, JEONG YOUNG Park
KAIST, EEWS Graduate school. 1University of California, Berkeley,Department of Materials Science and Engineering.
Nanomechanical and electrical properties of vanadium dioxide (VO2) thin films across thermal-driven phase transition are
investigated with ultra-high vaccum atomic force microscopy. VO2 thin films have been deposited on the n-type heavily doped
silicon wafer by pulsed laser deposition. X-ray diffraction reveals that it is textured polycrystalline with preferential orientation
of (100) and (120) planes in monoclinic phase. As the temperature increases, the friction decreased at the temperature below the
transition temperature, and then the friction increased as increasing temperature above the transition temperature. We attribute
this observation to the combined effect of the thermal lubricity and electronic contribution in friction. We also show the
dependence of nanoscale conductance on the local pressure at the various temperatures, and discuss this result in light of
pressure-induced metal-insulator transition.
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Piezoelectric properties of single crystalline LiNbO3 nanowire
,

,
.
Single crystalline LiNbO3 nanowires were successfully synthesized by the conventional hydrothermal method at 200 oC.
Scanning and transmission electron microscopy measurements show that the length of nanowire is around 50 um and the growth
direction is along [111] direction. The piezoelectric coefficient of a LiNbO3 nanowire is estimated to be 40 pm/V. After the
alignment of ferroelectric/piezoelectric domains, we fabricated the flexible energy harvesting devices. The energy conversion
efficiency of LiNbO3-based energy harvesting device is comparable to that of KNbO3 and NaNbO3 based ones.

P3-D122

Dielectric Properties of Antimony Doped Barium Titanate (Ba0.95Sb0.05TiO3) Ceramics

LEE ju ho, KIM Yeon Jung, HYUN June Won
Dankook University, Department of Applied Physics.
Ferroelectric material, antimony doped barium titanate (Ba0.95Sb0.05TiO3) are fabricated solid-state reaction route. The
samples were calcined at 1280~1320 ℃ and sintered at 1280~1320 ℃ for 5 h. The morphology and microstructure of the
samples were analyzed by SEM and XRD. The dielectric properties such as permittivity and dielectric loss were measured
various frequency. In this work, we studied microstructure and electrical properties of antimony doped barium titanate.
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,
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P3-D124

, Ga

ZnO, Zn1-xGaxO (ZGO, x = 0 ZGO
ZGO
100 K - 350 K
.

Dispersion of the dielectric constant of water in Nafion

LEE Cheol Eui, HAN Jun Hee, KIM Se Hun1
Department of Physics and Institute for Nano Science, Korea University, Seoul, Republic of Korea. 1Faculty of Science
Education, Jeju National university, Jeju, Republic of Korea.
We investigated the temperature-dependent dielectric constant of water molecules in cation exchange membrane Nafion at
various frequencies. As a result, dispersion of the dielectric constant was observed and correlated with the water molecule
motions. The Debye relaxation time obtained from the impedance measurements decreased with increasing temperature,
indicating faster motion of the water molecules in Nafion. We may separate the dielectric constants of sulfonic acid ions,
hydronium ions, and water molecules from specific response frequencies.
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,

,
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Photoelectrochemical performance of PbTiO3 nanotubes

, EHSRC.
Ferroelectric materials are illuminated by light beam, voltage and current can be generated due to the separation of
photoinduced electrons and holes by its internal electric field. Such photovoltaic phenomena in the ferroelectric thin films
exhibit potential applications for realizing remote control and wireless energy transfer in microelectromechanical system
(MEMS) device. In this study, we have grown TiO2 nanotube layers on sputter-deposited Ti thin films by glycerol/NH4F
electrolytes. PbTiO3 nanotube was obtained by deposited Pb into the highly ordered TiO2 nanotube layers and thermally
annealed in the oxygen ambient. The crystalline structure, surface morphology and ferroelectric properties of the PbTiO3
nanotubes structure were investigated. Finally, the photocurrent of the PbTiO3 nanotubes structure was measured by
illumination light beam in the wavelength range of 300 ~ 500 nm.

P3-D126
thin films
,

Sol-gel synthesis and characterization of the Bi0.5(Na0.82K0.18)0.5(Ti1-xMnx)O3 piezoelectric
,

,
, EHSRC.
We have deposited the lead-free Bi0.5(Na0.82K0.18)0.5(Ti1-xMnx)O3 (BNKTM-x; x=0, 0.003, 0.005, 0.007, 0.01) piezoelectric
thin films on Pt/TiO2/SiO2/Si substrate using sol-gel process. The physical properties of BNKTM-x thin films were investigated
by measuring SEM, XRD, P-E hysteresis loop and current-voltage characteristics. The displacement of BNKTM films was
measured using a laser Doppler vibrometer. The transverse piezoelectric constant (e31,f) of the BNKTM-x films were
characterized by calculating of displacement. The effects of Mn-substitution on the ferroelectric and piezoelectric properties in
the BNKTM-x thin films were discussed.
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P3-D128
87Rb

Structural properties of mixed crystals (NH4)2-xRbxZnCl4 (x=0, 1, and 2) studied by 1H and

nuclear magnetic resonance
,

1,

,
. 1
,
.
The structures of mixed (NH4)2-xRbxZnCl4 (x=0, 1, and 2) single crystals were determined with x-ray diffraction. In addition,
the NMR spectra and the spin-lattice relaxation times T1 of the 1H and 87Rb nuclei in the three crystals were determined by
using NMR spectroscopy. We analyzed the crystallographic structures of these crystals by considering the occupation
probabilities (NH4 or Rb) of the two cationic sites. Our NMR experimental results confirm that there are two
crystallographically inequivalent NH4 sites, NH4(1) and NH4(2), in (NH4)2ZnCl4, and two crystallographically inequivalent Rb
sites, Rb(1) and Rb(2), in Rb2ZnCl4. But, only one NH4 site and only two Rb site in NH4RbZnCl4 was obtained. The NH4 and
Rb occupation rates of each of the two available sites, A1 and A2, were determined from the NMR signals.
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P3-D129

Characteristic features of the structural properties, phase transitions, and ferroelastic
properties in LiK1-xRbxSO4 (x=0, 0.2, and 1) crystals
,

1,

1

,
. 1
,
.
We report a systematic nuclear magnetic resonance (NMR) study of alkaline ions in LiK1-x RbxSO4 (x=0, 0.2, and 1) crystals,
which was performed to investigate the effects of the random distribution of the Rb substitutional cation on the sequence of
phase transitions. When a fraction of potassium ions in the pure LiKSO4 crystal is partially replaced by rubidium ions, we
compare the structural properties of LiKSO4, LiK0.8Rb0.2SO4, and LiRbSO4 single crystals. The presence of the Rb ions
stabilizes the trigonal structure and prevents the breaking of trigonal symmetry at low temperature. The partial substitution of
Rb for K changes the transition temperature, and the ferroelastic property of pure LiKSO4 at low temperatures does not appear
in the LiK0.8Rb0.2SO4 crystal down to 100 K.

P3-D130

Effects of La3+ and V5+ Doping on Electrical Properties of Bi5FeTi3O15 Thin Films Prepared
by Chemical Solution Deposition
,

,
,
,
, RAGHAVAN Chinnambedu Murugesan
,
.
Bi5FeTi3O15, Bi4.25La0.75FeTi3O15, Bi5FeTi2.97V0.03O15+δ and Bi4.25La0.75Fe Ti2.97V0.03O15+δ thin films were deposited on Pt
(111)/Ti/SiO2/Si(100) substrates by using a chemical solution deposition method. The thin films were well crystallized at 650℃
under an oxygen atmosphere. The thin films were observed randomly oriented, with no detectable impurity and secondary
phases by x-ray diffraction analysis. However, different microstructures were observed in each other thin films. Among the thin
films, the Bi4.25La0.75FeTi2.97V0.03O15+δ thin film exhibited typical hysteresis loops, high dielectric constant and low loss
tangent at room temperature. The enhanced properties observed in the doped thin films could be considered as being the results
of the suppression of oxygen vacancies and of the modified microstructure.
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P3-D131

Structure and Electrical Properties of (Dy, Zn) co-doped BiFeO3 Thin Films Prepared by a
Chemical Solution Deposition

, RAGHAVAN Chinnambedu Murugesan,
,
,
,
,
.
Pure and (Dy, Zn) co-doped BiFeO3 (BFO) thin films were deposited on Pt(111)/TiO2/SiO2/Si substrates by using a chemical
solution deposition method. Both thin films showed polycrystalline distorted rhombohedral crystal structure without secondary
or impurity phases. The microstructural changes have been clearly observed in the co-doped thin film compared to the pure
BFO. Well-saturated ferroelectric hysteresis loops with low leakage current densities were observed in (Dy, Zn) co-doped thin
film. The improved electrical and ferroelectric properties are well correlated with the reduced oxygen vacancies, formation of
defect complexes and improved microstructural features.

P3-D132

Optical Properties of ZnO Powder Prepared by Using a Proteic Sol-gel Process

KWON Bong-Joon, WOO Hyun-Joo, PARK Ji-Yeon, JANG Kiwan, LIM Seung-Hyuk1, CHO Yong-Hoon1
Changwon NationalUniversity, Research Institute of Basic Sciences. 1Graduate School of Nanoscience and Technology
(WCU), KAIST Institute for the NanoCentury, KAIST, and Department of Physics.
We have studied the optical properties of ZnO powder synthesized by using a proteic sol-gel process with coconut water as the
precursor. The energy dispersive X-ray spectrometer and X-ray diffraction results show high purity of the synthesized ZnO
powder. From the low-temperature (12 K) and power-dependent PL spectra, the donor-bound exciton, the acceptor-bound
exciton, the donor-to-acceptor pair (DAP), and the phonon-replica of the DAP transition have been observed at 3.38, 3.34, 3.26,
and 3.19 eV, respectively. The free exciton emission (~3.3 eV) is also observed at 300 K in the temperature-dependent PL
spectra.
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Deposition Time
,
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The Physical Properties of Pulsed Laser Ablated Cu2ZnSnS4 Thin Films As a Function of

,

,
,

,

1,

,
1

2,

,
SmFeAsO
.

.

2

,
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.

Orbital studies on LaFeAsO, SmFeAsO with XAS
,

,

,

3

,
.
The Cu2ZnSnS4 (CZTS) thin films is one of the most promising photovoltaic materials as the absorber of thin film solar cells
because it has optimal band gap (Eg=1.5 eV) and high absorption coefficient of 104 cm-1. More importantly, CZTS consists of
abundant and non-toxic elements, so researches on CZTS thin film solar cells have been increasing significantly in recent years.
In this study, we show the effect of deposition times on structure, composition, morphology and optical properties of CZTS thin
film without sulfurization process. Regardless of deposition time, single phase CZTS thin films are obtained with no existence
of secondary phases by XRD measurement. With increasing the deposition time, grain size increases and the thickness of CZTS
thin films increases from 0.16 to 1 μm. Stoichiometry of all CZTS thin films shows Cu-rich and S-poor state. Sn content
gradually increases as deposition time increases. Secondary ion mass spectrometry was carried out to evaluate an elemental
depth distribution in CZTS thin films. Optimal deposition time to grow CZTS thin films is 150 min. “This work was supported
by KBSI grant (T33613) to J.S.Bae”
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P3-D135*
,

2013.04.24-26, 대전컨벤션센터

3D electronic structure of CaC6
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.
We present electronic structure studies results on Ca intercalated graphite compounds (GIC) using angle-resolved
photoemission spectroscopy(ARPES). Our results show several peculiar things related with 3D electronic structure on CaC6. At
first, periodicity of Brillouin zone is order of 1 layer, not 3 layer which is known as length of atomic unit cell although previous
results show that 1 unit cell of CaC6 consist of 3 layer. Furthermore, there is a trend that two anti-bonding π bands are split at H
point and hybridized at K point, which is contrary to case of graphite.

P3-D136*
,

Temperature dependent evolution of the electronic structure of Ba(Fe1-xRux)2As2
,

,

,

,

,

,

,

,

1,

1,

. 1
.
It is believed that electronic anisotropy is related to magnetism and plays an important role in superconductivity in iron
pnictides. It was argued that the split bands in ARPES data are from two orthogonal bands with dominant dxz and
dyz characters, demonstrating the in-plane electronic anisotropy. We performed temperature dependent ARPES measurements
on an iron pnictide system, Ba(Fe1−xRux)2As2, to experimentally verify existence of electronic anisotropy and compare the
results with those of BaFe2As2 and Ba(Fe1−xCox)2As2.
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P3-D137*

2013.04.24-26, 대전컨벤션센터

High-pressure studies of the quasi 1-D superconductor Nb2PdxSe5 and the transparent

semiconducting oxide Ba(Sn,Sb)O3 with high-mobility
,

,
,
,
.
Applying high pressure of a GPa range into solids can provide valuable opportunities to explore the new states of matter by
changing e.g., their electronic structure, phonon density of states, and the electron-phonon coupling constant by way of tuning
their interatomic separation. We have established the experimental capability of applying high pressure up to 11 GPa in a low
temperature environment by setting up either a diamond anvil cell (DAC) or a piston-type pressure cell in a conventional
cryostat (PPMS) or a dilution fridge. The DAC uses a solid boron nitride as a medium to make electrodes onto the sample and
the fluorescence of ruby is measured for pressure calibration. The piston-type is a hybrid type composed of the nonmagnetic NiCr-Al or MP35N and CuBe and uses the Daphne 7373 as the pressure transmitting medium and a piece of Pb crystal for
calibrating the pressure. With these new pressure tools, we have been investigating the electrical property of Ba(Sn,Sb)O3, a
recently found high-mobile transparent semiconductor, and Nb2PdxSe5, a new quasi 1-D superconductor. We found that the Ba
(Sn,Sb)O3 becomes increasingly insulating as the pressure is applied up to 11 GPa and the Tc of the Nb2PdxSe5 increases from
4.8 K at the ambient pressure up to 6 K at 1.97 GPa.

P3-D138*

Development of frequency-multiplexed superconducting resonators for detectors and
quantum information applications
KIM Seon Hoo, HA Dong Gwang, JUN So Yeon, CHOI Jiman, PARK Jung Hwan, PARK Gwan Yeol, IM Hyunsik1, KIM
Hyungsang1, LEE Soon Gul2, SONG Woon, CHONG Yonuk
KRISS. 1Dongguk University. 2Korea University.
High quality superconducting resonators are widely used in various applications that include superconducting quantum circuits
(Qubits) and superconducting detectors such as MKID(Microwave Kinetic Inductance Detector). Since the superconducting
resonators needs to be operated at cryogenic temperatures, typically below 4 K, and ofen below 100 mK, the heat load caused
by the wiring becoms a serious problem when we extend the device operation to multiple resonator devices. We report our
development of superconducting resonator devices which have a common transmission line for many different frequency
resonators. This structure enables frequency multiplexing of each resonator, hence it solves the wiring problem in cryogenic
measurement instruments. Furthermore, this structure would enable separate control and readout of different qubits in a single
transmission line.
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P3-D139*

2013.04.24-26, 대전컨벤션센터

Emerging Magnetism in La-doped Sr2RhO4

LEE Kwan-Woo, AHN Kyo-Hoon, KUNES Jan1
Department of Display and Semiconductor Physics, Korea University, Sejong. 1Institute of Physics, Academy of Sciences of the
Czech republic, Cukrovarnick´a 10, Praha 6, 162 53, Czech Republic.
Sr2RhO4, which has one more electron than in an unconventional superconductor Sr2RuO4, has been extremely of interest,
since it shows significant effects of both correlation and spin-orbital coupling that are unusual in a 4d system. Recently, single
crystal La-doped samples (up to 20% doping) were synthesized, and displayed possible magnetic ordering at T=20 K in the 20%
doped sample.[1] We investigated this system through both conventional ab initio calculations and correlated band theories,
including LDA+U and dynamical mean field approach. At the La 20% doped case, a sharp peak pinpoints the Fermi energy,
leading to Stoner instability. However, differences in total energy among nonmagnetic, ferromagnetic, and antiferromagnetic
states are very small. This seems to be consistent with the fact debated in Sr2RuO4 for a while. Our results may suggest to
realize unconventional superconductivity in the La-doped system. Acknowledgements: We acknowledge C. Kim for providing
their experimental data and fruitful discussions, and R. Arita for useful discussions. These researches were supported by NRF of
Korea under Grant. No. 2012-0002245. [Reference][1] C. Kim and C. Kim, unpublished.

P3-D140*

Nature of Superconductivity in Intermetallic LaMBN(M=Ni, Pt)

LEE Kwan-Woo, JUNG Myung-Chul, KANG Chang-Jong1, MIN B.I.1
,
. 1POSTECH,
.
(LaN)n(M2B2) boronitrides (and borocarbides), showing various physical phenomena related with superconductivity and
magnetism, contain the inverse α-PbO type MB layer separated by (LaN)n layers, as in the superconducting Fe-pnictides.
Recently, Hosono and coworkers synthesized n=2 LMBN(M=Ni, Pt), showing the superconductivity at Tc = 4.1 K for LaNiBN
and at Tc = 6.7 K for LaPtBN.[1] Using first-principles calculations, we investigated the electronic structures and the electronphonon coupling strength of both superconductors. Our calculations show that both La-N and M-B layers are metallic,
indicating three-dimensionality. In both systems, the electron-phonon coupling strengths are about λ = 0.52 – 0.56, leading to Tc
= 5.4 K, consistent with the experimental observed value, using μ* = 0.1. Besides, no indication of magnetic instability can be
obtained. Our findings suggest that the superconductivity is mediated by the conventional electron-phonon coupling.
[Acknowledgment] We acknowledge W. E. Pickett and D. J. Scalapino for fruitful discussions. This research was supported
by NRF of Korea under Grant No. 2012-0002245.
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P3-D141*

2013.04.24-26, 대전컨벤션센터

Development of Low Temperature Calorimeter for Measuring Specific Heat below 0.1 K

JEON Byung-Gu, KHIM Seunghyun, LEE Bumsung, STEWART Gregory R.1, KIM Kee Hoon
CeNSCMR, Department of Physics and Astronomy, Seoul National University. 1Department of Physics, University of Florida.
We have developed a relaxation-type calorimeter operated in a cryo-free dilution refrigerator for measuring the specific heat of
small solid samples (typically 1~200 mg) below 0.1 K. A thermometer and a heater are glued on top of a Si platform with the
varnish, and they are electrically connected with Au-7% Cu wires to reduce the wire heat capacity while remaining low thermal
conductance. The entire platform is fixed with thin KaptonTM tubes. To eliminate the high frequency noise generated from the
digital electronics such as lock-in amplifier, current source and voltmeter, we designed and optimized low-pass filters. Specific
heat of a gold reference sample measured with this calorimeter has an error less than 10 % above 0.2 K, and the error slightly
increases as the temperature decreases below 0.2 K. With this calorimeter, we measured the specific heat of a low-dimensional
superconductor Nb2PdxSe5 and discussed the superconducting gap symmetry.

P3-D142

Growth of copper oxide thin films on MgO (100) by Laser MBE

, JEFFREY C. De VERO
.
Epitaxial copper oxide thin films were successfully grown on MgO (100) using laser molecular beam epitaxy (Laser MBE).
The growth of copper oxide films in relation to substrate temperature and partial oxygen pressure were investigated. A KrF
excimer laser (λ=248 nm) with laser repetition rate of 5 Hz and laser fluence of 3 J/cm2 per pulse were used to grow copper
oxide thin films (~37 nm in thickness). The substrate temperature was changed from 400'C to 750'C in varying partial oxygen
pressure (PO2) between 10-6 to 10-3 Torr. Thin films grown at 750'C in PO2=10-6 Torr show Cu2O phase oriented along (200)
direction while single phase CuO (111) thin films were observed to grow at 400'C in PO2=10-3 Torr. In each film, no other
copper oxide diffraction peaks were detected indicating single phase and epitaxial growth both for Cu2O and CuO thin films on
MgO substrates. Atomic force microscopy reveals granular morphology in both samples with CuO thin films having higher
surface roughness. Our results show that Laser MBE technique is a viable method in controlling the phase and orientation of
copper oxide thin films not easily obtainable by other techniques.
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P3-D143
,

2013.04.24-26, 대전컨벤션센터

Optical Properties of BaFe2-xNixAs2
1

,

,
. 1
,
.
Fourier Transform Infrared Spectroscopy(FTIR)
Mid-IR
Far-IR
.
(optical constants)
.
.

BaFe2-xNixAs2(BFNA)
-

P3-D144
,

,
.
.

order parameter
g-wave
.
power law

conventional s-wave order parameter
, g-wave

g-wave order parameter

, s-wave
,

, node

.

- 226 -

2013 봄 학술논문발표회 및 제89회 정기총회

P3-D145
,

2013.04.24-26, 대전컨벤션센터

(Ru,Nb)Sr2(Gd,R,Ce)2Cu2Oz (R = Nd, Gd, Tb)
,
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P3-D146
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.

Critical current density and vortex pinning properties in iron based Ca10(Pt4-dAs8)(Fe2-

single crystal

DAWOOD Ahmad, MIN B. H., LEE J. H.1, KIM Y. C.1, KWON Y. S.
Department of Emerging Materials Science, DGIST. 1Department of Physics, Pusan National University.
The magnetic properties of the iron based Ca10(Pt4-dAs8)(Fe1.96Pt0.04As2)5 (d = 0.49, 10-4-8 phase) and Ca10 (Pt4-dAs8)
( Fe1.96Pt0.04)As18 (d = 0, 10-3-8 phase) single crystals grown by Bridgmen method are presented. Results show that the sample
with d = 0.49 shows two superconducting transition Tc one at around 32 K and second at 14 K. While the sample with d = 0
shows Tc at 18 K. Moreover, three times larger critical current density Jc are observed in d = 0.49 as compared to d = 0
superconductor. A prominent secondary peak in critical current density Jc can be clearly seen in d = 0.49 with H||c-axis above 8
K which persists up to 23 K. Moreover, it is observed that the field at which secondary peak occurs reduces as the temperature
increases indicative of strong dependence of vortex-vortex interaction on the temperature in d = 0.49. The normalized vortex
pinning forces follow the scaling law with a maximum position at 0.41 for d = 0.49 while 0.25 for d = 0 of the reduced applied
field. The double logarithmic graph of the irreversibility field Birr is explained well by a power law dependence H µ (1-T/Tc)n
with a prominent crossover which indicates highly anisotropic nature of the two samples.
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P3-D147

2013.04.24-26, 대전컨벤션센터

Terahertz Transmission Time-domain Spectroscopy of Superconducting NbTiN thin film

HONG Taeyoon, YAMAMORI Hirotake1, CHOI Kyujin, PARK Byoung-Cheol, HA Taewoo, SIM Kyung Ik, KIM Jae Hoon
Department of Physics, Yonsei University, Seoul 120-749, Korea. 1National Institute of Advanced Industrial Science and
Technology, 1-1-1 Umezono, Tsukuba 305-8568, Japan.
We have measured the transmission of a conventional superconductor niobium titanium nitride (NbTiN) thin film using our
terahertz time-domain spectroscopy (THz-TDS) system from 4.5 to 300 K in the terahertz spectral range from 5 to 80 cm-1.
Both the real and imaginary parts of the conductivity were acquired without a Kramers-Kronig analysis. We observed the
superconducting gap (2Δ) below superconducting transition temperature of Tc=16 K in the real part and the superfluid
formation in the imaginary part.

P3-D148
conductor.

Local investigation of superconducting properties in ReBCO(RE=Y, Gd, Sm) coated

RI HYEONG-CHEOL, PARK HEEYEON, PARK Sangkook, KIM MuYong
Kyungpook National University.
Local physical properties such as superconducting critical transition temperature, magnetic field distribution and critical
current density in ReBCO coated conductors are measured using Low Temperature Scanning Laser Hall Probe Microscopy
(LTSLHPM) near the transition temperature. In this study, we compared local physical properties of various kinds of single
bridge type samples. We obtained an in-plane distribution of the local physical properties with a spatial resolution in a nondestructive manner.
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P3-D149
study

2013.04.24-26, 대전컨벤션센터

Electronic structure and magnetism of superconducting BaFe2As2 from first-principles

YUN Won Seok, LEE J. D., HONG Soon Cheol1
Dept. of Emerging Materials Science, DGIST. 1Dept. of Physics & EHSRC, University of Ulsan.
In the past few years, the discovery of iron-pnictide based superconductors has stimulated remarkable interests in the scientific
community. After the first reports on superconductivity in La[Fe or Ni]PO with Tc ~4 K, an unexpectedly high Tc (~26 K)
superconductor was discovered in the F-doped La[O1-xFx]FeAs. It is established that the superconductivity in the parent
compound LaFeAsO originates mainly from structural, electronic, and magnetic properties of the FeAs layers. Similar structural
and electronic features have been observed in the ternary oxygen-free iron arsenide BaFe2As2. In this compound, a structural
phase transitions from a high temperature tetragonal (I4/mmm) to low temperature orthorhombic (Fmmm) phases occurs at Ts
~140 K. In addition an antiferromagnetic spin-density-wave represents the ground state in the undoped BaFe2As2. Like
LaFeAsO, the variation in the FeAs layer in BaFe2As2 is reported to represent the most crucial structural parameter. Therefore,
it is necessary to study for the electronic structure and magnetism of BaFe2As2 in terms of first-principles calculation. In this
work, we investigated the effect of distance between As and Fe layers on the electronic and magnetic properties of BaFe2As2
using Vienna Ab-initio Simulation Package code and a density functional theory approach with the projector augmented wave
method. The exchange-correlation functional was expressed using the generalized gradient approximation. Detailed discussion
on the correlation among the electronic structure, magnetism, and superconductivity of this compound will be given.

P3-D150
twin boundary

Transition properties of superconducting YBa2Cu3O7 nanobridges with and without a

LEE Soon-Gul, LEE Sung Hoon, HONG Sung-Hak
Department of Display and Semiconductor Physics, Korea University.
We have fabricated nanobridges from YBa2Cu3O7 films deposited on LaAlO3 substrates by a focused ion beam technique
and studied their superconducting transition properties with and without a twin boundary (TB) crossing the bridge. The
nanobridge dimensions were 200–500 nm in width and length, and 100 nm in thickness. All the nanobridges studied with or
without a TB had Tc of 90 K with zero resistance transition at 86.5 K and high critical current density of ~1×107 A/cm2 at 77
K. However, current-voltage curves of nanobridges with a TB showed Josephson tunneling characteristics near the transition,
which is in clear contrast to the flux-flow type transition behavior of those without a TB. According to crystallographic analysis
with d-wave symmetry of YBCO, the small mismatch angle of a TB itself was not sufficient to incur the Josephson effect.
Secondary effects, such as stress and strain, are believed to be the origin.
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P3-D151
,

2013.04.24-26, 대전컨벤션센터

Construction of the helium liquefier system at Seoul Nation University
,

,
,
,
.
Liquid helium (LHe) is increasingly becoming an indispensable resource for realizing low temperature environments in various
subfields of science while numerous laboratories in the world are currentlky suffering from the shortage of LHe due to the
prolonged stagnation in supply. It is thus greatly demanded to recover the evaporating gas He and re-liquefy. In our department,
we have constructed the LHe liquefying system based on a liquefier (KOCH 1410), a cycle compressor (Linde), a recovery
compressor (Bauer), and the LHe storage dewar (1000 liters). The evaporated gas He is collected into the gas bag (30 m3)
through the recovery lines made of the stainless steel extended to the individual laboratories. The purity of the incoming gas He
is monitored through the network in major recovery nodes by the thermal conductivity sensor equipped with the LAN port. A
total storage capacity for the collected impure He is estimated to be 6.7 m3 in the 144 cylinders and the collected gas is
compressed into 2000 psi (138 bar) by the recovery compressor. For the pure gas He supply, the 24 external cylinders and a
buffer tank (> 1 m3) are used. Our liquefier, employing the Joule-Thomson expansion with the piston-cylinder, is mainly
composed of the cold box containing heat exchangers, variable speed reciprocating expansion engines, LN2 precooling system,
and automatic purification system. The liquefaction rate is 25- 30 L/hr under the continuous flow of LN2 at 20 psi. The recycle
yield rate turned out to be greater than 95 %. All the liquefaction system is operated following the regulation of Korean
government for high pressure apparatus and after obtaining the government permission.

P3-D193
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. Reference[1] S. Park, C.L. Zhang, N. Lee, Y.J. Choi, S. Guha, and S-W. Cheong, Phys. Rev. B 83, 220509(R) (2011)
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P4-D152*

2013.04.24-26, 대전컨벤션센터

Origin of Electromagnon Resonance in Magnetoelectric Materials Co2Z-type Hexaferrite

SHIN KwangWoo, CHUN Sae Hwan, KIM Hyung Joon, PARK Young Mi1, PARK Hyeong Ryeol1, KYOUNG Ji Soo1, KIM
Dai-Sik1, CHOI Da-Hye2, PARK Gun-Sik2, KIM Kee Hoon
CeNSCMR, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea. 1Nano Optics Group,
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea. 2Center for THz-Bio Application
Systems, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea.
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P4-D153*

Observation of Interface-induced Tunneling Electroresistance Effect in
SrRuO3/BaTiO3/SrRuO3 Ferroelectric Tunneling Junction
SHIN Y. J., KWON J. H., KIM H. H., KIM Y. S., LEE S. R., YANG S. M., JEON B. C., SINN S, YOON J-.G., YOON J.-G.1,
CHUNG J.-S.2, NOH T. W.
Center for Functional Interfaces of Correlated Electrons Systems, Institute for Basic Science, and Department of Physics &
Astronomy, Seoul National University, Seoul 151-747, Korea. 1Department of Physics, University of Suwon, Hwaseong,
Gyunggi-do 445-743, Korea. 2Department of Physics, Soongsil University, Seoul 156-743, Korea.
Recently, ferroelectric tunnel junction (FTJ), defined as ultrathin ferroelectric tunneling barrier sandwiched by two metal
electrodes, has attracted significant attention because of its potentials for future devices. Especially, FTJs shows two distinct
resistive states with respect to spontaneous polarization directions of ferroelectric barrier. This is called tunneling
electroresistance (TER). In studying FTJs and TER, inversion symmetry breaking is necessary. That’s why two different
electrodes are used in many previous researches. However, according to Velve et al [1], TER can appear even if two metal
electrodes are the same. The resistive switching comes from different termination at the interface. For instance, in
SrRuO3/BaTiO3/SrRuO3 heterostructure, there can be two interfaces; one is SrO-TiO2-BaO and the other is BaO-RuO2-SrO.
But there is no experimental demonstration about it. Our goal is to check the interface effect to TER in SrRuO3/BaTiO3/SrRuO3
heterostructure by controlling termination layer sequence. We grew SrRuO3/BaTiO3/SrRuO3 by pulsed laser deposition (PLD)
with reflection high energy electron diffraction (RHEED) and we will investigate the characteristics of those heterostructure
using current atomic force microscopy (C-AFM), piezo-response force microscopy (PFM), and so on. [1] Julian P. Velev el al,
Nano Lett. 9, 427 (2008).
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P4-D154

2013.04.24-26, 대전컨벤션센터

Growth of Orthorhombic Perovskite SrIrO3 Thin Film and its Electrical Properties

PARK Jae-Hoon, LEE Doopyo1, PAKR Jun-Ho2, SONG Jong-Hyun3, SHIN HyunSeop3
POSTECH, Advanced Materials Science. 1POSTECH, Department of Physics. 2POSTECH, Department of Physics. 3CNU,
Department of Physics.
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P4-D155*
,

Ttemperature Dependent Metal Insulator Transition on NiS1.5Se0.5
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P4-D156*
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P4-D157*
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.

(TbMn2O5)
,

.

.
,

,
,

Structural, electrical, and magnetic properties of Mn doped dysprosium orthoferrite
1,

,
. 1
,
.
Both DyMnO3 and DyFeO3 have attracted great attention due to their novel multiferroic property, showing large
magnetoelectric coupling. The lattice relaxation through the spiral magnetic order of Mn3+ or the exchange striction between
Fe3+ and Dy3+ turns out to be the origin of magnetically induced ferroelectricity of DyMnO3 and DyFeO3, respectively. We
report our study of the structural, electrical, and magnetic properties of Mn doped DyFeO3. Single crystalline DyFexMn1-xO3
samples with x=0.3, 0.5, and 0.8 were grown successfully, and they have a clean orthorhombic structure with space group
Pbnm. From the magnetic anisotropy study, we propose a magnetic spin structure, which is consistent with those of the earlier
reports on poly crystalline samples. Electrical properties of the samples will be also presented.
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P4-D158*
structure

2013.04.24-26, 대전컨벤션센터

Optical properties of Ba0.96La0.04SnO3 and Ba0.95Sb0.05SnO3 thin films with perovskite

HA Taewoo, KIM Useong1, CHAR Kookrin1, KIM Jae Hoon
Institute of Physics and Applied Physics, Department of Physics, Yonsei University, Seoul 120-749 Korea. 1Center for Strongly
Correlated Materials Research, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Republic of
Korea2.
We have conducted a terahertz study of transparent conducting oxide thin films of Ba0.96La0.04SnO3(BLSO) and

Ba0.95Sb0.05SnO3(BSSO) grown on LaAlO3 substrates by pulsed laser deposition. The terahertz method allows for the
measurement of the frequency-dependent conductivities without resorting to a Kramers-Kronig analysis. Additionally, the
optical spectrophotometry was employed for bandgap or absorption coefficient measurements in the UV-Visible region. The
band gap of BLSO and BSSO turned 3.78eV out to be 3.72eV, respectively. The real part of the conductivity of the samples
exhibits semi-metallic behavior in the terahertz region. The dc conductivity is estimated with Drude model fitting. The electrical
dc conductivity agrees with the low-frequency limit of the optically measured conductivity.

P4-D159*

Optical study of oxygen plasma-treated graphene

CHOI Kyujin, LIM Juhwan1, RANI J. R.1, YOON Hyung Seo1, OH Juyeong1, HONG Taeyoon, HA Taewoo, PARK Byung
Cheol, SIM Kyung Ik, JUN Seong Chan, KIM Jae Hoon
Department of Physics and Institute of Physics & Applied Physics, Yonsei University, Seoul 120-749 Korea. 1Department of
Mechanical Engineering, Yonsei University, Seoul 120-749 Korea.
We report on our optical study of oxygen plasma-treated graphene. The optical characteristics were studied by VUV (VisibleUltraviolet) spectroscopy and THz-TDS (terahertz time-domain spectroscopy). Oxygen plasma-dependent signatures emerge in
the ultraviolet and terahertz region.
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P4-D160*
Spectroscopy

2013.04.24-26, 대전컨벤션센터

A Study of Kondo Insulator SmB6 via Low Temperature Terahertz Time-Domain Reflection

PARK Byung Cheol, CHOI Kyu Jin, KANG Bo Youn1, CHO Beong Ki1, KIM Jae Hoon
Department of Physics and Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749 Korea. 1Nano
Spintronics and Magnetic Materials Lab., School of Materials Science and Engineering, GIST, Gwangju 500-712 Republic of
Korea.
We studied SmB6 with low temperature terahertz time-domain spectroscopy (THz-TDS) over the frequency range of 5 - 70 cm-

1

. We extracted both the real and imaginary parts of the optical conductivity from the measured complex reflectance. We
observed clear evidence of metal-insulator transition below 20 K in the conductivity spectra, which is confirmed by the
emergence of the hybridization gap. We separated the contribution of the topological surface state in the 5 K conductivity
spectrum by fitting our data with the Drude model.

P4-D161*

Phase Transitions in the Two-Orbital Hubbard Model depending on Orbital Anisotropy

KIM Aaram Joo, JEON Gun Sang1, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University. 1Department of Physics,
Ewha Womans University.
In spite of extensive existing studies on correlated multiorbital systems in the past decade, there still remain interesting issues to
be understood in the system. One of the issues addressed in this work is the orbital-anisotropy dependence of phase transitions
in the multiorbital systems. We investigate the Hubbard model with two orbitals by means of the dynamical mean-field theory
combined with the continuous-time quantum Monte Carlo method.Particular attention is paid to the dependence of the
thermodynamic phases on the ratio of orbital bandwidths. We demonstrate how the orbital-selective Mott phase transitions
show up as the bandwidth ratio is varied from unity.We also discuss the possibility of non-Fermi liquid behavior of the system
with nonisotropic orbitals.
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P4-D162*

2013.04.24-26, 대전컨벤션센터

Staggered sublattice potential in the Hubbard model on a honeycomb lattice

LEE Hyeong Jun, JEON Gun Sang1, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University. 1Department of Physics,
Ewha Womans University.
On a honeycomb lattice, the on-site Coulomb repulsive interaction, called the Hubbard interaction, gives rise to a Mott
insulating state with antiferromagnetic order. In the non-interacting limit, the staggered sublattice potential is known to yield a
simple band insulating state where the population on the sublattice with the lower potential is dominant. We investigate the
interplay between the Hubbard interaction and the sublattice potential on the half-filled honeycomb lattice within the HartreeFock approximation at zero temperature. In contrast to earlier works, our study reveals that the system at half filling undergoes a
discontinuous phase transition between the above two insulating states as the Hubbard interaction is increased. We also
demonstrate how the single-particle eigenstates are affected by the Hubbard interaction.

P4-D163*

Adsorption of 4He on hydrogen-preplated C20: Path-integral Monte Carlo Study

KWON Yongkyung, PARK Sungjin, SHIM Soomin
.
According to previous path-integral Monte Carlo (PIMC) studies, 4He
atoms or para-H2 molecules adsorbed on a fullerene molecular surface
experience a layer-by-layer growth and exhibit various quantum states
such as an inhomogeneous quantum fluid, a commensurate solid and an
incommensurate solid. We have performed the PIMC calculations to
study the adsorption of 4He atoms on a H2-preplated C20 molecular
surface. The H2 monolayer is found to be completed with 32 H2
molecules and shows a commensurate solid structure where each H2
molecule is located either above one of the twelve pentagon centers of the
C20 molecular surface or above one of the twenty carbon atoms. The
radial density distribution of 4He atoms adsorbed on the C20 surface preplated with 32 H2 molecules shows the first helium layer
being located at a distance of ~ 8.3 Å from the center of a C20 molecule. From the angular density profiles of 4He, we observed
quantum phase transition as the number of 4He adatoms N varies. While it is in a liquid state at a low helium coverage, the 4He
layer exhibits a commensurate solid structure for N=80 with the twenty 4He atoms being localized on the tops of carbon atoms
and the other sixty helium atoms on the vertices of hexagons around the twenty carbon sites (see the attached figure). Finally the
H2 angular density distributions suggest that the H2 layer undergoes a commensurate-incommensurate transition as N increases.
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P4-D164*

2013.04.24-26, 대전컨벤션센터

An intriguing ground state of S=1/2 2D triangular antiferromagnet Ba3CuSb2O9

CHOI K.-Y., DO S.-H., ZHOU H.1, LEMMENS P.2, TOL J. van3
Dept. Physics, Chung-Ang Univ.. 1Dept. Physics, UT, USA. 2ICMP, TU Brauschweig, Germany. 3NHMFL, USA.
We present synthesis, magnetization, Raman scattering, and ESR measurements of the 2D triangular antiferromagnet
Ba3CuSb2O9, which was originally regarded as a candidate for a quantum spin liquid. A subsequent detailed study unveiled that

the magnetic structure forms a decorated honeycomb lattice due to electric-dipole interactions between Sb5+-Cu2 + dumbbells,
leading to a random singlet state (RSS). A high-field magnetization curve consists of two contributions from weakly interacting
(~17%) orphan spins as well as from a RSS. Magnetic Raman scattering shows a broad continuum extending to 250 cm-1, which
is systematically enhanced with increasing temperature. 216 GHz ESR measurements exhibit a steep increase of the linewidth
for temperatures below 50 K. We will discuss the ESR and Raman data in terms of the proposed RSS.

P4-D165*

Phonon softening with Correlation and the Mott-spin-Peierls Transition in VO2

KIM Sooran, KIM Kyoo, KANG Chang-Jong, MIN B.I.
POSTECH,
.
To explore the driving mechanisms of the metal-insulator transition (MIT) and the structural transition in VO2, we have
investigated phonon dispersions of rutile VO2 (R-VO2) in the DFT and the DFT+U (U : Coulomb correlation) band
calculations. We have found that the phonon softening instabilities occur in both cases, but the softened phonon mode only in
the DFT+U describes properly both the MIT and the structural transition from R-VO2 to monoclinic VO2 (M1-VO2). The
present ab-initio phonon dispersion calculations clearly demonstrate that the Coulomb correlation effect plays an essential role
of assisting the Peierls transition in R-VO2 and producing the spin-Peierls ground state in M1-VO2.
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P4-D166*

2013.04.24-26, 대전컨벤션센터

High field Shubnikov-de Haas effects in SrMnSb2 single crystal

YOU Jungsang, PARK Joonbum, EOM Manjin, LEE Geunsik1, JO YounJung2, CHOI EunSang3, SHIM JiHoon1, KIM
JunSung
POSTECH, Department of Physics. 1POSTECH, Department of Chemistry. 2Kyungpook National University, Department of
physics. 3Florida State University, National High Magnetic Field Laboratory.
Recently, unconventional electronic states characterized by intrinsic chirality of (pseudo)spins have attracted a lot of interest in
Bi-based layered compounds with Dirac electronic structures. Among various Dirac materials, SrMnBi2 containing a Bi square
net provides a rare system showing anisotropic Dirac dispersion with strong momentum-dependent Fermi velocities. This
suggests that a common building block of pnictogen (Pn) square net in various layered compounds can host anisotropic Dirac
fermions. In this work, we investigate transport properties and Shubnikov-de Haas (SdH) oscillations in a single crystal of
SrMnSb2, a structurally-related compound with SrMnBi2. SrMnSb2 is a layered Mn pnictide consisting of MnSb layers and Sb
layers, similar with SrMnBi2. However, in SrMnSb2 the Sb layer has a distorted square net with a zigzag chain structure. This
structural distortion leads to gap opening near the band crossing points, and thus the Dirac dispersion is expected to be removed.
The resistivity of SrMnSb2 indeed shows much less metallic behavior, and also the anisotropy between the in-plane and the outof-plane resistivities is reduced. We observed clear SdH oscillations. The corresponding Fermi surface has a small size of A =
0.006 A-2 with a cyclotron mass of mc = 0.1 me where me is free electron mass. Comparison with band structure calculations
and the SdH oscillation results from SrMnBi2 will be discussed.

P4-D167

Controlling Metal-insulator Transition in VO2 Grown on TiO2 Substrates of Various

Orientations

DHO Joonghoe, LI Jian, KI Sanghoon
Department of Physics, Kyungpook National University.
Vanadium dioxide, VO2, undergoes a metal-insulator transition(MIT) at 341 K which is a first-order phase transition
accompanied by a structural change from a high-temperature tetragonal state to a low-temperature monoclinic state. Very large
changes in electrical resistivity (4 orders) and infrared transmission occur across the phase transition near room temperature
transition. Therefore, VO2 has attracted lots of attention because of various potential applications such as switching devices,
thermochromic coating, and etc. In this study, we fabricated VO2 films on 2-side-polished TiO2 substrates of different
orientations including (100), (001), (101), (110), and (111) by pulsed laser deposition (PLD). TiO2 is an insulating and
transparent material which has the same rutile tetragonal structure with VO2 and similar lattice constants. After optimized the
deposition parameters, films on TiO2 of those orientations were made in one batch. The thickness of the VO2 film was about
~50 nm. The temperature dependence of sheet resistance was measured by four-probe technique. The data show that a large
resistance change of over 3 orders of magnitude at TMI and the MIT temperature varied from each other due to the distinct
lattice strains given by the substrates of different orientations. The optical transmittance behaviors of VO2/ TiO2 was studied as
well.
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P4-D168

The study on a magnetic ordering trasition of Co Z-type hexaferrite by using soft x-ray
resonant scattering.

YANG donghyuk
,
.
Z-type heaxaferrite is iron oxides with hexagonal structure. It is reported as magnetoelectric material. We studied especially
cobalt doped z-type hexaferrite Ba0.52Sr2.48Co2Fe24O41. In this material Co2Z-type hexaferrite (Ba,Sr)3Co2Fe24O41, there
is spin structure phase transition that is a temperature dependant transtion. Below 670K it has a collinear spin align and
ferrimagnetic ordering. And below 400K it has a transverse conical spin structure. We used soft x-ray resonant scattering
(SXRS) to determine magnetic ordering peak (003) of Fe and Co L2 edge which is forbidden peak but appears in SXRS with
various temperature. We can show that rare earth atom Ba and Sr is not magnetic properties but just structure properties. In
conclusion, by showing the forbbiden peak of trasition metal Fe and Co , we can say that Fe and Co effect magnetic properties
in this material and its magnetic properties wouled be related with these metals states.

P4-D169
,

Dielectric Properties of BiFe1-xMnxO3 ceramics
1,

1,

2

,
. 1
. 2
,
.
Manganes substituted bismuth ferrite BiFe1-xMnxO3 (x = 0 - 0.5) ceramics were prepared by using the rapid-cooled solid phase

sintering method. The cooling rate were controlled from 50 oC/min to 500 oC/min in the temperature range from 900 oC to 400
Perovskite phases were confirmed with the sturcural and ferroelectric characterizations by using the X-ray diffraction and
the D-E hysteresis loop at room temperature. The low frequency dielectric dispersion were investigated for the BiFe1-xMnxO3 (x
= 0 - 0.5) ceramics in the temperature range from 100 K to 700 K, where the frequency range was 0.01 Hz to 100 kHz.
Therefore, we considered that the cooling rate effects on the electrical conductivity or the dielectric relaxations.
oC.
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P4-D170

2013.04.24-26, 대전컨벤션센터

Multiferroic Properties of Bi(FexMn1-x)O3 Thin Films

DO Dalhyun, LEE Myang Hwan1, SONG Tae Kwon1, KIM Myong-Ho1, KIM Sang Wook2, KIM Won Jeong2
Keimyung University, Department of Advanced Materials Engineering. 1Changwon National University, School of Nano and
Advanced Materials Engineering. 2Changwon National University, Department of Physics.
Multiferroic BiFeO3 (BFO) thin films have attracted much attention due to their potential applications in novel multifunctional
magnetoelectric memory devices. One of the major limitations is weak magnetic properties. It has been reported that the
substitution of transition metals such as Mn can enhance magnetic properties. In this study, polycrystal Bi(Fe1-xMnx)O3 (x=0,
0.1, 0.2, 0.3, 0.4) thin films were prepared on a Pt(111)/Ti/SiO2/Si(100) substrate by using a pulsed laser deposition method.
Crystal structure, ferroelectricity, magnetism, and magnetoelectric coupling effects were investigated. The Bi(Fe0.7Mn0.3)O3
thin film showed the distinguished properties.

P4-D171

muSR studies of two quantum magnets CdCu2(BO3)2 and Ba3RuTi2O9

CHOI K.-Y., LEE W.-J., DO S.-H., SUH B. J.1, YOON S.W.1, JANG Z.H.2, LUETKEN H3, KLAUSS H.-H.4
Dept. Physics, Chung-Ang Univ.. 1Dept. Physics, The Catholic Univ.. 2Dept. Physics, Kookmin Univ.. 3PSI,
Switzerland. 4ISSP, TU Dresden, Germany.
We present two μSR studies performed on two quantum magnetic materials. The first compound is CdCu2(BO3)2, which is
regarded as the decorated Shastry-Sutherland system. This compound undergoes an antiferromagnetic ordering at TN=9.8 K,
while the ordered magnetic moments localized on Cu(1) amount to 0.45 μB compared to 0.83 μB on Cu(2). The phase transition
is confirmed by the observation of oscillations of muon polarization. We obtain the temperature dependence of an order
parameter from an evolution of the local magnetic field at muon sites. The second system is Ba3RuTi2O9 which realizes a
stacked triangular antiferromagnet. This compound undergoes a spin glasslike transition around 30 K as evidenced by a splitting
of a magnetic susceptibility between ZFC and FC processes. ZF- and LF-μSR experiments exhibit a strong increase of the
relaxation rate for temperatures below 10 K as well as a mixture of static and dynamic spin fluctuations at the lowest measured
temperature of T=1.6 K.
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P4-D172

2013.04.24-26, 대전컨벤션센터

Formation of density wave like feature in SrMnBi2

HYUN JU Park, DA WOON JEONG, CHANG HEE Sohn, JOONBUM Park1, J.S. Kim1, J.H. Shim2, K.W. Kim3, S.J. Moon4,
DEOK-YONG Cho, TAE DONG Kang, T. W. Noh
Center for Functional Interfaces of Correlated Electrons Systems, Institute for Basic Science, and Department of Physics &
Astronomy, Seoul National University, Seoul 151-747, Korea. 1Department of Physics, Pohang University of Science and
Technology, Pohang 790-784, Korea. 2Department of Physics, Pohang University of Science and Technology, Pohang 790784, Korea/Department of Chemistry, Pohang University of Science and Technology, Pohang 790-784, Republic of
Korea. 3Department of Physics, Chungbuk National University, Cheongju 361-763, Korea. 4Department of Physics, Hanyang
University, Seoul 133-791, Korea.
The layered transition metal pnictide SrMnBi2 has attracted attentions due to its novel properties such as anisotropic Dirac
fermionic behavior and magnetoresistance. Although these aspects have been studied intensively, the origin of its
antiferromagnetic spin correlation has not been investigated in focus so far. In this study, we measured the electronic structural
evolution across the Nėel temperature 290K using optical spectroscopy. As the temperature decreases, the optical spectral
weight of the main feature transferred from a lower energy (below 0.18eV) to a higher energy (above 0.18eV), forming a clear
two-gap-like feature below the 0.18eV. Our results indicate that the origin of the antiferromagnetic ordering in SrMnBi2 can be
attributed to the formation of a spin density wave. Based on the LDA+U calculation, we also discussed a possible spin
correlation in SrMnBi2

P4-D173

Matrix Product States for Quantum Many-Fermion Systems

,
.
We describe a simple algorithm to find the ground state forquantum
many-fermion systems, which is based on the diffusion Monte Carlo
method in combination with matrix product states. Matrix product states
are updated consistently in a way that accounts for fermion exchange
effects. This method can be appliedto a wide class of fermion systems.
We test this algorithm in spinless fermion system by effectively
evaluating the ground state energy. We analyze finite size scaling to
determine a thermodynamic value that is compared to the true ground
state energy.
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P4-D174

2013.04.24-26, 대전컨벤션센터

Effect of Structural Distortion on Magnetic Order in (Lu,Sc)Fe2O4

JEONG Jinwon, NOH Han-Jin, KIM Sung Baek1, KIM Jae-Young2
Dep. of Physics, Chonnam National University. 1ACE center, Konyang University. 2Pohang Accelerator Laboratory,
POSTECH.
We have studied the correlation between the structural distortion andthe magnetic ordering in the single crystalline (Lu,Sc)
Fe2O4 (Sc=0.0, 0.05, 0.1, 0.3) by using x-ray diffraction (XRD), magnetization measurements, and x-ray magnetic circular
dichroism (XMCD) spectroscopy. The Rietveld analysis of the XRD patterns revealed that substitution of Sc ions for Lu ions
induces a compression of the unit cell,but the magnetization and XMCD measurements show that the magnetic propertieshardly
depend on the Sc concentration, which indicates thatthe magnetic ordering pattern is robust against compressive stress.

P4-D175*

Electronic and Thermal Properties of T- and TY-Carbon Structures and Their Hydrogen
Stroage Application.
KWON Young-Kyun, KANG Seoung-Hun, CHOI Ho-Sik
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University..
Using the first-principles density function theory, we investigate the electronic and thermal properties of "T-carbon" and "TYcarbon" structures. Both T- and TY-carbons are new carbon allotropes proposed recently. The former structure is derived by
substituting each atom in diamond with a carbon tetrahedron, while the latter with a carbon tetrahedron with one more carbon
atom at each apex. Their equilibrium structures are explored while changing the ratio between the C-C bond within the carbon
tetrahedron and the C-C bond between the neighboring tetrahedron. We find that the change in the ratio between these two bond
lengths may modify the electronic structures. Based on the equilibrium structures, we calculate various thermal properties
including the phonon dispersion relation and thermal expansion. As an application, we explore the possibility of using TYcarbon structures as a hydrogen storage material. Especially, we replace a few carbon atoms located at the bridge site between
two neighboring tetrahedrons with Ti atoms, which enhance hydrogen binding due to Kubas interaction. Moreover, we expect
the TY-carbon structures may prevent the Ti atoms from aggregating themselves.
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P4-D176*

2013.04.24-26, 대전컨벤션센터

Exotic Geometrical and Electronic Properties in Hydrogenated Graphyne

KOO Jahyun, HWANG Hojun, HUANG Bing1, LEE Hunpyo, LEE Hosik2, PARK Minwoo, KWON Yongkyung, WEI
SuHuai1, LEE Hoonkyung
Division of Quantum Phases & Devices, School of Physics, Konkuk University, Seoul 143-701, Korea. 1National Renewable
Energy Laboratory, 1617 Cole Boulevard, Golden, CO 80401, USA. 2School of Mechanical and Advanced Materials
Engineering, Ulsan National Institute of Science and Technology (UNIST), Ulsan 689-798, Korea.
Based on first-principles calculations, we present exotic geometrical and electronic properties in hydrogenated graphyne, a 2D
material of sp-sp2 hybrid carbon networks. Hydrogen atoms adsorbed onto sp-bonded carbon atoms can form both sp2 and sp3
hybridized bonds and can exist in three different geometries: in-plane, out-of-plane, and oblique-plane; this is in sharp contrast
to hydrogenated graphene which has only one hydrogenation geometry. The band gaps of hydrogenated graphyne can vary by
~3 eV as the geometry changes. We also find that change in the hydrogen concentration allows a large band gap tuning of ~5
eV. Unlike hydrogenated graphene in which H atoms show a tendency to cluster, H atoms tend to be dispersed in graphyne,
making band gap tuning feasible. These exotic properties in hydrogenated graphyne indicate that the band gap of hydrogenated
graphyne can be tailored for new device applications. Furthermore, the composite of fully hydrogenated graphyne is C1H1.75,
which has a hydrogen-to-carbon ratio greater than that of graphane (C1H1). This large hydrogen capacity (~13 wt% H) suggests
that graphyne also can be used as a high-capacity hydrogen storage material.

P4-D177*

Multilayer Graphynes for Lithium Ion Battery Anode

HWANG Ho Jun, KOO Jahyun, PARK Minwoo, PARK Noejung1, KWON Yongkyung, LEE Hoonkyung
School of Physics, Konkuk University, Division of Quantum Phases & Devices. 1Ulsan National Institute of Science and
Technology(UNIST), Interdisciplinary School of Green Energy and Low Dimensional Carbon Materials.
Graphynes, two-dimensional layers of sp- and sp2-bonded carbon atoms, have recently received considerable attention because
of their potential as new Dirac materials. Here, focusing on their large surface area, we explore the applicability of graphynes as
lithium ion battery anodes through the first-principles density functional calculations. We have found that Li potential energies
are in the range suitable to be used as anodes. Furthermore, the maximum composite of Li-intercalated multilayer α- and γgraphynes is found to be C6Li3, which corresponds to a specific capacity of 1117 mAh g-1, twice as large as the previous
theoretical prediction for graphynes. The volumetric capacity of Li-intercalated multilayer α- and γ-graphynes is 1364 and 1589
mAh cm-3, respectively. Both specific and volumetric capacities of Li-intercalated graphynes are significantly larger than the
corresponding value of graphite, from which we conclude that multilayer graphynes can serve as high-capacity lithium ion
battery anodes.
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P4-D178*

2013.04.24-26, 대전컨벤션센터

Electronic structures and magnetic properties of thin films of a magnetocaloric material

FeRh

JEKAL soyoung, KWON oryong, HONG soon cheol
University of Ulsan, Department of physics.
We report on electronic structures and magnetic properties of different thickness FeRh thin films. An FeRh alloy has been
known as a material with efficient magnetocaloric effect. Some experimental and theoretical studies of bulk FeRh have been
reported already by several groups. In this paper, we present a first-principles calculation on FeRh thin films by using the VASP
code. The thin films were found to have different magnetic properties from the bulk. Thickness dependence of the magnetic
moment and the electric structure will be presented. We will discuss possible magnetic phase transitions of the FeRh thin films
in the view point of a magnetocaloric effect and also present their magneto crystalline-anisotropy energies.

P4-D179*

Consecutive Bifurcations of Wrinkled Graphene on PDMS Substrates

JUNG Jong Hyun, BAE Jaehyun, MOON Myoung-Woon1, KIM Kyung-Suk2, IHM Jisoon
Dept. of Physics and Astronomy, Seoul National University, Seoul, Korea. 1Inst. Multidisciplinary and Convergence Matters,
Korea Institute of Science and Technology, Seoul, Korea. 2School of Engineering, Brown University, RI, USA.
Graphene is a stiff thin film whose Young's modulus is an order of 1 TPa. When graphene is attached on PDMS
(polydimethylsiloxane), this composite produces small periodic wrinkles whose period is around 80 nm. FEM (finite element
method) is used to simulate the equilibrium shape of the wrinkles. Graphene is modeled as a continuum film with finite
effective thickness, and the PDMS is modeled as an Ogden material model. As the lateral compression increases, due to the
nonlinearity of PDMS, consecutive bifurcations are obtained: wrinkling, spatial period doubling, period quadrupling, and period
octupling.
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P4-D180*
,
POSTECH,

2013.04.24-26, 대전컨벤션센터

First-principles study of substrates effect in iron nanoparticle catalyst
.

In general, iron is an important catalytic material in Fischer-Tropsch (FS) synthesis. Recently carbon- or oxidematerial-supported iron nanoparticles were reported as a good catalyst better than bulk iron surface. In this work,
we have studied the change in d-band center of Fe13 nanoparticles adsorbed on defected graphene and single-layer
hexagonal BN substrates using first-principles calculations. Our calculations show that the substrates move the dband center of supported Fe13 closer to the Fermi level, which indicates F13 nanoparticles become more reactive on
the substrates than isolated particles. We explain this behavior in terms of a combined effect of the strain and
ligand field due to the structure reconstruction and the charge redistribution related to the work function different
between Fe13 and the substrates. We also study the gas adsorption on the particles to explicitly demonstrate the
enhanced reactivity.

P4-D181*

Investigation of Insulating Substrate for Silicene

CHOI KEUNSU, HWANG JEONGWOON, KIM DONGWOOK, IHM JISOON
Seoul National University, Department of Physics and Astronomy.
Silicene, Si monolayer, has become a promising material that can replace graphene since free-standing silicene also has Diraclike band structure and it is more compatible with Si-based nanoelectronics than graphene, which means that smaller and
cheaper field emission transistor (FET) can be realized. Though silicene has many advantages, suitable substrate for silicene has
not been found yet: substrate should bind Si atoms strongly enough to prevent Si atoms from aggregation and should not destroy
Dirac-like band structure of silicene through hybridization. In this study, we propose substrate that fulfills above mentioned
conditions which are requisites for utilizing silicene in FET.

- 245 -

2013 봄 학술논문발표회 및 제89회 정기총회

P4-D182*

2013.04.24-26, 대전컨벤션센터

Self-consistent GW Calculation for Correlated Transition Metal Oxides

KANG Gijae, HAN Seungwu
Department of Materials Science and Engineering and Research Institute of Advanced Materials, Seoul National University.
Density functional theory (DFT) is one of the most widely used theories in the community of material science and solid state
physics. While the conventional DFT method within local density approximation (LDA) or generalized gradient approximation
(GGA) has been widely used, some of the computed properties suffer from significant errors. For example, it is well known that
the DFT calculation severely underestimates the band gap for semiconductors or insulators, particularly in the presence of
highly localized d-orbitals. The problem mainly stems from the self-interaction between localized electrons, which is depicted
incorrectly within DFT formalism. Often, DFT+U method has been utilized to overcome this problem in a convenient way. But
the empirical nature of the method leads one to develop fully ab-initio method applicable to transition metal oxides. The GW
approximation, which uses many-body green function approach to solve the quasi-particle (QP) equation, is gaining much
attention as a more accurate and theoretically grounded calculation scheme. The electron exchange-correlation is replaced by
self-energy operator , a product of green function G and screened Coulomb interaction W. The QP energy can then be obtained
by solving QP equations with corrected Hamiltonian iteratively. Since the GW approximation gives perturbative correction on
conventional DFT solution, there can be several different approaches depending on the self-consistency level of the
approximation. In this work, we study electronic structures of corundum-structured transition metal oxides Fe2O3 and Ti2O3
using GW approximation. We show that electronic properties such as band gaps or QP energies converges to the same value
even if starting from results from different functionals, giving a solid support for the reliability of self-consistent GW
approximation. We also find that by choosing appropriate lattice geometry and fixing W value as initially calculated by DFT+U,
the experimental band gap can be obtained quite precisely. Additionally, it turns out that the description of Coulomb interaction
W is very important in acquiring correct QP gaps, especially for materials with sharp peaks in dielectric functions, like Ti2O3.

P4-D183*

Self-Consistent Quasi-Particle GW Calculation for the Post-Transition-Metal Oxides

KANG Youngho, KIM Kye Yeop, HAN Seungwu
Department of Materials Science and Engineering and Research Institute of Advanced Materials, Seoul National University.
Understanding the electronic structure of post-transition-metal oxides ZnO, In2O3, Ga2O3, SnO2 and their compounds becomes
very important recently in the optoelectronic applications. Even though the density functional theory (DFT) within the local
density approximation (LDA) or generalized gradient approximation (GGA) has been widely employed to investigate
fundamental electronic properties of these oxides, the inherent limitation significantly underestimates the band gap and produces
too shallow d-level position of the metals. In particular, the band gap of ZnO within LDA or GGA calculation is as small as
~0.8 eV which corresponds to 76% error when compared with experimental value, ~3.44 eV. Recently, many-body perturbation
theory within GW approximation has attracted much attention as the method which provides a way to overcome the problems in
DFT. The predictive capabilities of GW approximation originate from involving the many-body effects between electrons. This
is achieved via employing the screened Coulomb interaction operator with the frequency-dependent dielectric matrix as opposed
to LDA or GGA in DFT. Therefore, many previous studies have reported that DFT based GW yield gaps that are in good
agreement with experimental values for sp-bound systems. However, it is shown that the single shot GW approximation (usually
called G0W0) for the semiconductors with shallow d states (e.g. ZnO and GaN) has a tendency toward too small gaps compared
with experiment. In this study, we perform the GW calculations on the post-transition-metal oxides in the framework of the
projector augmented wave (PAW) method. We calculated the response function from GGA using random phase approximation
(RPA) which offers a similar dielectric constant with a self-consistently determined value with vertex correction. Single particle
eigenvalues and eigenfunctions for G are updated during the iteration of GW calculation. However, in the self-consistent cycle,
W remain as the form initially determined by DFT. According to our calculation result, it is found that the GW band gaps of
post-transition-metal oxides agree well with experimental values within ~10% error and the d level positions of metals are fairly
remedied except for Zn.
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P4-D184*

Dispersion-Corrected Density Functional Theory Study of Electronic Structure of
Graphene/SiO2 Interfaces
LEE JINHEE

,
.
Graphene is a promising high-mobility material, but its remarkable
electronic properties are greatly affected by surrounding environment.
Silicon dioxide (SiO2), the most widely used substrate, would have various surface states derived from a series of processes as
cleavage and passivation. We therefore investigate the influence of these surface states of the underlying SiO2 substrate on the
binding characteristics and the electronic structure of graphene. A dispersion-corrected density functional theory (DFT-D)
calculation is carried out on periodic models of a graphene sheet on each of four different SiO2 surface structures originated
from the cleaved (001) surface with dangling bonds (·SiO·): (1) a fully-hydrogenated surface 1 with dissociatively adsorbed
water molecule (HOSiOH), (2) a reconstructed surface 2 with fully coordinated oxygen atoms (SiOSi), and (3) two partiallyhydrogenated surfaces where an hydrogen atom adds either to O or to Si to leave ·SiOH (3) and HSiO· (4). We calculate surface
energies of their states and the binding energies of graphene on top of these surfaces. We find out that the DFT-D method
indeed estimates the intermolecular van der Waals interaction quite well, reproducing the binding energies reported from recent
experiments. We also find out that the electronic structure is dependent on the supporting surface: the graphene on the most
reactive surface donates more electrons to the surface than the graphene on the other surfaces. According to this study, the stable
surface states hardly affect to the electronic structure of graphene, but the presence of reactive states which are mixed with
stable states on the surface can induce a charge inhomogeneity to graphene, that is, ‘electron-hole charge puddles’.
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Binary B-N / P-N / B-P Doping of Graphene Nanoribbons : A 1st–Principles Study

KIM YongHoon, KIM SeongSik, KIM HanSeul, KIM HyoSeok
Graduate School of EEWS, KAIST.
We apply a density functional theory (DFT) and DFT-based non-equilibrium Green’s function approach to study the electronic
and transport properties of graphene nanoribbons (GNRs) co-doped with boron-nitrogen, nitrogen-phosphorus and boronphosphorus. We analyze the structures and charge transport properties of co-doped GNRs and particularly focus on the novel
effects that are absent for the single N-, B-, or P-doped GNRs. It is found that co-doped GNRs tend to be doped at the edges and
the electronic structures of co-doped GNRs are very sensitive to the doping sites. This may lead to a possible method of band
engineering of GNRs and benefit the design of graphene electronic devices.

P4-D187
properties

Binary Doping of N-B and N-P into Graphene: Structural, Electronic, and Transport

KIM Yong Hoon, KIM Hyo Seok1, KIM Han Seul1, KIM Seoung Sik1
KAIST , Graduate School of EEWS, KAIST Institute for the NanoCentury. 1KAIST , Graduate School of EEWS.
We apply a density functional theory (DFT) and DFT-based non-equilibrium Green’s function approach to study the structures
and charge transport characteristics of nitrogen-doped graphene with additional doping of phosphorus or boron atoms.
Considering graphitic, pyridinic, and porphrin-like N doping sites and increasing N-doping concentration, we analyze the
geometry and electronic structures of N-P and N-B doped graphene and particularly focus on how they affect the charge
transport along the lateral direction. Implications of our findings in the context of electronic and energy device applications will
be also discussed.
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On the Origin of Multiple Conductance Peaks in Single-Molecule Junction Experiments

KIM Yong-hoon, KIM Hu Sung, PARK Min Kyu1
Korea Advanced Institute for Science and Technology, Graduate School of EEWS. 1Division of Industrial Metrology Korea
Research Institute of Standard and Science.
One of the most important yet unresolved problems in molecular electronics is the controversy over the number and nature of
multiple conductance peaks appear from single-molecule junctions [1]. Currently, there are three competing explanations of this
observation: (1) manifestation of different molecule-electrode contact geometries, (2) formation of gauche defects within the
molecular core, (3) involvement of different electrode surface orientations. However, the exact origin of multiple conductance
peaks is not yet fully understood, which indicates our incomplete understanding of the scientifically as well as technologically
important organic-metal contacts. To theoretically resolve this problem, we here carry out density functional theory geometry
optimizations and molecular dynamics simulations combined with and matrix Green’s function calculations [2] and consider
hexanedithiol (C6DT) molecular junctions with realistic S-Au contact conformations at two Au(111) and Au(100) electrode
surface directions. We find that the S-Au coordination number plays a key factor in understanding the hitherto unexplained
multiple conductance peaks. References:[1] X. Li, J. He, J. Hihath, B. Xu, S. M. Lindsay, and N. J. Tao, J. Am. Chem. Soc. 128,
2135 (2006); C. Li, I. Pobelov, T. Wandlowski, A. Bagrets, A. Arnold, and F. Evers, J. Am. Chem. Soc. 130, 318 (2008); A.
Sen and C.-C. Kaun, ACS nano. 4, 6404 (2010)[2] Y.-H. Kim, S. S. Jang, Y. H. Jang, and W. A. Goddard III, Phys. Rev. Lett.
94, 156801 (2005); Y.-H. Kim, J. Tahir-Kheli, P. A. Schultz, and W. A. Goddard III, Phys. Rev. B 73, 235419 (2006); H. S.
Kim, Y.-H. Kim, Phys. Rev. B 82, 075412 (2010)

P4-D189

First-principles study of electronic, magnetic and Li-ion diffusion properties of LiFeSO4F

and FeSO4F
TUMURBAATAR tsevelmaa, KWON oryong, NAMSRAI Tsogbadrakh, HONG soon cheol
University of Ulsan,Department of physics.
Li-ion materials have attracted a great interest in rechargeable battery. Very recently, a new compound of Li-ion battery
material, namely tavorite fluorosulfate phases (LiFeSO4F) [1], has been expectedto have acceptable properties over other
studied cathode materials. Throughout the first-principles density-functional calculations plus U correction (DFT+U), we have
investigated the magnetic and electronic structures and Li-ion diffusion mechanism for FeSO4F and LiFeSO4F. Total energy
calculation shows that the AFM state is stable lowering energy difference of 0.2 eV/cell for FeSO4F and 0.07 eV/cell for
LiFeSO4F from FM in consistent with an experiment [2] where the AFM ordering at TN = 100 and TN = 25 K, respectively. This
AFM configuration is attributed to the super-exchange interaction between Fe ions mediated by oxygen and the different
oxidation states (Fe3+ in FeSO4F and Fe2+ in LiFeSO4F) caused by the insertion/extraction of Li ion result the change in
magnetic moment of 3.79 µB for Fe2+ and 4.31 µB for Fe3+, according to Pauli exclusion principle and Hund’s rule. The use of
exchange-correlation U parameter in the electronic structure calculations describes the observed insulating characters of FeSO4F
and LiFeSO4F with the band gaps of 2.24 eV and 3.78eV, respectively. The Li-ion diffusion mechanism and energy barriers for
the considered possible hopping pathways of LiFeSO4F are estimated with the nudged elastic band method.One-dimensional
diffusion paths along the crystallographic axes have higher energy barriers of about 1.04 eV for [100] and 0.87 eV for [010] in
consistent with an experiment [3]. However, much smaller barriers of 0.24-0.77 eV are found when the Li-ion migrate through
the [111] channels with relatively shorter Li-Li distances, indicating that LiFeSO4F is not only one-dimensional lithium-ion
conductor. The detailed physical clarifications of such low energy barrier and the influence of magnetic and electronic features
during Li-ion diffusion will be also discussed.
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P4-D190

Magnetocrystalline anisotropy of 3d – transition metal overlayers on Ta(001) and Pt(001)
surfaces by first principles study

TAIVANSAIKHAN Purev, ODKHUU Dorj, KWON Oryong, TSOGBADRAKH Namsrai1, HONG Soon Cheol1
University of Ulsan,Department of physics. 1University of Ulsan, Department of Physics.
Magnetocrystalline anisotropies of 3-d transition metal (Cr, Mn, Fe, Co, and Ni) monolayers on strong spin-orbit coupling 5-d
metals Ta and Pt (001) surfaces have been studied by systematic first principles calculations based on density functional theory.
The 3-d transition metal monolayers become ferromagnetic on both Ta(001) and Pt(001) surfaces except nonmagnetic Ni
monolayer on Ta(001). It was found that magnetic moments of the 3-d transition metals on Pt(001) are always higher than those
of the 3-d transition metals on Ta(001). The transition metals of Cr, Mn and Co on Ta and Pt (001) surfaces show in-plane
magnetic anisotropy while Fe and Ni do out-of-plane anisotropy. Furthermore, we also studied increasing number of layers of
3d- transition metal overlayers and found that both magnetic moments and perpendicular magnetocrystalline anisotropy energies
are enhanced. In order to find contribution of substrates to perpendicular magnetic anisotropy energy we will discuss the effects
of Ta and Pt capping on magnetocrystalline anisotropy.

P4-D191

Topological Phases under Structural Inversion Asymmetry in Sb2Te3 Films

MINSUNG KIM, CHOONG H. KIM, HEUNGSIK KIM, JONG HYUN JUNG, JISOON IHM
Department of Physics and Astronomy, Seoul National University.
Manipulating topological orders by external parameters is important in both theoretical and practical aspects. Using firstprinciples electronic structure calculations for Sb2Te3 thin films of various thicknesses, we demonstrate that external electric
fields which cause the structural inversion asymmetry to the system can induce a topological quantum phase transition from a
normal insulator to a topological insulator and vice versa. Since Bloch eigenstates and the realistic band structures are available
from our first-principles calculations, we present both the direct calculation of the topological invariant and the analysis of the
boudary states. These results will be practically useful since applying electric fields is one of the most convenient ways to
control the system under consideration.
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Plasmonic optical nano-antennas

KAIST, Department of Physics.
As a miniaturization of radio and microwave antennas, optical nano-antennas interfacing freely propagating optical radiation
with localized fields have contributed to many important researches and discoveries in the field of nanosciences. In particular,
plasmonic nano-antennas enable to concentrate electromagnetic fields of light into deep subwavelength volumes, and thus they
provide an efficient method to interface optical frequency light with various nano-objects beyond the optical diffraction limit.
By employing plasmonic nano-antennas, absorption and emission properties of nano-emitters, such as fluorescent molecules,
quantum dots and wells, can be dramatically controlled. Multi-resonant plasmonic nano-antennas operating at the all-visible
wavelength range are ideally suited to broadband nano-optical spectroscopy and biochemical sensing applications using
multiple emitters operating at different colors. Even for biophysical applications, plasmonic nano-antennas enable to realize
highly-efficient, precise, and safe nano-optical tweezers to capture and manipulate nanoscale objects, such as biological
particles. It will be also discussed that conventional metallic nano- electrodes can engineer the electroluminescence from a
single quantum well as plasmonic optical nano-antennas.

EF-02

Large-area 3D Plasmonic Nanoarchitectures

CHOI D.
Department of Mechanical Engineering, College of Engineering,.
Plasmonic nanostructures with a localized surface plasmon resonance (LSPR), which is generated by the coupling of light to
the collective oscillation of electrons on the nano-sized metallic surface, have generated considerable interest with the
development of nanotechnology. Metallic nanoparticles using gold (Au) or silver (Ag) have been widely used to create
plasmonic active layers (i.e. “hot spots”) in the integrated devices due to the ability to easily tune the plasmon resonance
frequencies by changing their material, size, and arrangement. Those plasmonic layers usually form two-dimensional (2D)
plasmonic domain, so that they have limitation that optical active layers (e.g. a photoactive layer) with a thickness of over 100
nm are not sufficiently enhanced because plasmonic enhancement only has an effect in the vicinity of plasmonic nanoparticles.
To overcome such confined plasmonic effects in a 2D plasmonic layer, three-dimensional (3D) plasmonic nanostructures could
be suggested for expanding plasmonic effects to the entire range of optical active layers. Previously, some works have shown
interesting 3D plasmonic nanostructures by coating a metal on nanowires or nanorods, but they also have a problem that it is
difficult to control the dimensions and the resonance frequencies of plasmonic nanostructures according to the purpose of their
applications. It is therefore essential to develop a new strategy for creating tunable 3D plasmonic nanostructures via a highthroughput and effective fabrication. In this study, we report large-area 3D plasmonic nanostructures though a high-throughput
and cost-effective process. The surface morphology and optical properties are characterized by SEM and UV-vis. spectroscopy.
Furthermore, their enhancement factor is evaluated by using SERS signals. Based on our results, high-performance and highefficient plasmonic-integrated nanodevices can be expected. * D. Choi, Dept. of Mechanical Engineering, Kyung Hee
University, 1 Seochun1-Dong, Giheung-Gu, Yongin 446-701, KOREA; dchoi@khu.ac.kr; phone +82-31-201-3320; fax +82-31202-8106
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EF-03

Near Infrared Light-Assisted Photothermal Polymerization of a Collagen Hydrogel for Cell
Encapsulation Using Plasmonic Nanoparticles

LEE Jae Young, HONG Soongweon1, LEE Luke P.1
School Materials Science and Engineering, Gwangju Institute of Science and Technology. 1Bioengineering Department and
Berkeley Sensor and Actuator Center, University of California, Berkeley, CA, USA.
Photopolymerizable hydrogels have been extensively developed for various biomedical applications including cell
encapsulation and three-dimensional cell culture. Conventional UV-based photocrosslinking strategies, however, often cause
unavoidable harmful issues when applied in the presence of cells, such as the toxicity of photoinitiator and potential genetic
mutations by the UV light. Here, we develop a novel method for cell encapsulation in a near infrared (NIR) light-induced
collagen hydrogel using plasmonic gold nanorods (GNRs). Photothermal conversion from the dispersed GNRs allows localized
heating in the collagen medium, leading to irreversible collagen fibril networks. The photoinitiator-free NIR-assisted hydrogel
could be formed in one minute with a low power intensity of 1 W/cm2. NIH3T3 fibroblasts encapsulated in NIR-induced
collagen gels were viable and proliferated at least up to three days. This NIR-based hydrogel production technique will be useful
for injectable cell delivery and in vivo hydrogel crosslinking.

EF-04

Two-Dimensional Electron Gas States at Surface of Transparent Oxide Semiconductors

,
.
There have been many attempts to study oxide-based two-dimensional (2D) electron systems, such as high temperature
superconductivity, ultrathin films, superlattices. When confining electron density along one direction, surface/interface effects
are inevitable. Since 2D electronic states are sensitive to the surface/interface conditions, including stoichiometry change,
structural distortion, temperature and electric field, electronic structure characterization should be carefully examined. In this
study, we have carried out experimental studies to check the surface 2D electronic states in oxides due to oxygen vacancies. We
examine SrTiO3 and ZnO single crystals, where oxygen vacancies are introduced during high temperature heating in ultra-high
vacuum, using angle-resolved photoemission spectroscopy (ARPES). Both oxides commonly show 2D electron gas states,
whose electron densities corresponds to chemical doping of 0.1 ~ 1 %. We discuss controllability of the surface 2D electron
states and compare them to the heterostructures including LaTiO3/SrTiO3, LaNiO3/LaAlO3. [Acknowledgement : NRF2012R1A1A2043619]
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EF-05

Elastic resistance change and action potential generation of non-faradaic Pt/TiO2/Pt
capacitors: Room-temperature kinetics of defect migration

JEONG Doo Seok, LIM Hyungkwang, LEE Doh-Kwon, HWANG Cheol Seong1
Korea Institute of Science and Technology. 1Seoul National University.
Electric current in the mixed ionic-electronic conductor TiO2 is hysteretic, i.e. history-dependent, and its use is versatile in
electronic devices. Nowadays, biologically inspired, analogue-type computing systems, known as neuromorphic systems, are
being actively investigated owing to new and intriguing physical concepts. The realization of artificial synapses is important for
constructing neuromorphic systems. In animal brains, the plasticity of synapses between neighbouring nerve cells arises from
action potential firing. Emulating action potential firing via inorganic systems has therefore become important in neuromorphic
engineering. In this work, the current-voltage hysteresis of TiO2-based non-faradaic capacitors is investigated to primarily focus
on the correlation between the blocking contact and the elasticity, i.e. non-plasticity, of the capacitors’ resistance change, in
experimental and theoretical methods. The similarity between action potential firing behaviour in nerve cells and the elasticity
of the non-faradaic capacitors is addressed.

EF-06

Abnormal effect of oxygen vacancies and two hysteresis curves in oxide-based memristors

LEE Jae Sung, LEE Shin Buhm1, KAHNG Byungnam1, NOH Tae Won1
Korea Institute for Advanced Study. 1Seoul National University.
Semiconductors with mobile dopants (SMDs), which are distinct from
conventional semiconductors, exhibit a unique physical property; they
demonstrate memristive hysteretic current–voltage curves. Memristive
behaviour, theoretically proposed in 1971 and experimentally realised in
2008, refers to the dependence of a semiconductor’s resistance on the
history of the applied current flow and its internal state. The fundamental
peculiarity of an SMD memristive hysteresis curve is that it exhibits two
oppositely rotating directions, whose origin is still debatable. In this
presentation, we introduce an SMD model to describe the electronicbarrier modulation due to the motion of mobile dopants in oxide semiconductor under an electric field. We will show that
oxygen vacancy migration near the Schottky-interface region induces abnormal modulation of the electronic barrier; low (high)
density of dopants near a metal–semiconductor interface lead to high (low) conductance, while the conventional ionic and
electronic models predict the reverse behaviours. From this observation, we will show that the two directions of the hysteresis IV curve originate from the spatial inhomogeneity of the mobile dopant distribution in the SMD.
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Optical Properties of Metal Oxide Photo Sensor Thin Film Transistor for Interactive Device

Application

AHN Seung-eon, SONG Ihun, JEON Yongwoo, CHUNG U-in
Samsung Advanced Institute of Technology.
Recently, metal oxide semiconductors have been attracting attention owing to a variety of advantages. In particular, amorphous
GaInZnO(GIZO), HfInZnO (HIZO) and InZnO (IZO) have been considered as active materials of thin film transistors (TFT) for
next generation display device due to its high carrier mobility and easy fabrication of large area display. However, research
efforts have been focused on the development of oxide TFTs with gate lengths of a few micrometers for a switch element for
use as display applications. Thus, little information has been reported concerning the device performance, physics, unit
device /pixel architecture, and strategy used for other electronics territories. With oxide TFT era has arrived, the possible
applicability of oxide device can extend to other various device applications such as photo sensor and image sensors because of
their excellent optical properties. In this presentation, double metal oxide semiconductor layers (GIZO/IZO) photo sensor TFT
for optical interactive device application will be introduced. These devices shows high photo current as Ilight/Idark >106, a

mobility of >10cm2/Vs and high stability under LCD operation condition. And detailed focus analysis will be given concerning
their origin of high photo current, high efficiency and serious persistent photoconductivity (PPC). Finally, high speed optical
touch panel applied with these photo sensor TFTs will be presented.

EF-08
Tomography

Direct Visualization of HIV-1 with Correlative Live-Cell Microscopy and Cryo-Electron

,
.
Cryo-electron tomography (cryoET) allows 3D visualization of cellular structures at molecular resolution in a close-tophysiological state. However, due to the poor signal, low contrast, and radiation sensitive nature of unstained frozen-hydrated
specimens, acquisition of tomographic projection series is not generally selective in choice of imaging targets. Therefore, the
full potential of cryoET for 3D cellular imaging is realized, especially for cellular processes that are rare or dynamic. In order to
overcome this limitation in cryoET analysis, approaches for correlating fluorescent light microscopy and cryoET are highly
desirable, not only to complement the structural information obtained from cryoET with the dynamic functional data from
fluorescent labeling, but also to guide sampling in cryoET. Such tools are particularly valuable for investigating the early events
of HIV-1 infection in cells, which are infrequent and difficult to catch. Here, we report on a methodology that combines high
speed 3D live-cell imaging with cryoET tools. We applied this technology to visualize the process viral entry into HeLa cells,
following of the same particles. Through direct 3D visualization we identified HIV-1 particles that are smaller than the
diffraction limit of light microscopy (~ 100 nm). They were found attached to plasma membrane and in MVBs after cell entry.
We also showed, for the first time under near-native conditions, that intact hyperstable mutant HIV-1 cores are released into the
cytoplasm of host-cells. We anticipate that the methodology established here will not only constitute a useful tool for studying
virus-host cell interactions at various stages during infection, but will also open new ways to investigate cell signaling events
and many other cellular processes in general.
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Nano-ferrites application for hyperthermia with Mössbauer spectroscopy
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(B100030)

Soft-nanolithographic Approaches for Promising Plasmonic Applications

LEE Min Hyung
Department of Applied Chemistry, Kyung Hee University.
The coupling of light with surface plasmons (SP) in metallic nanogratings has attracted significant attention with many exciting
observations, including enhanced optical transmission, light collimation, and negative refraction. Soft-nanolithographic
approaches are capable of patterning high quality multi-scale plasmonic crystals over large-areas. Our fabrication techniques
yield plasmonic structures with unique optical properties: ultra-narrow SP resonances, polarization-dependent transmission
colors, and subwavelength-scale light focus. Furthermore, our approaches also provide opportunities to realize promising
plasmonic applications such as plasmonic solar cells and high throughput refractive index sensing. These applications have been
limited by small-area plasmonic crystals fabricated by traditional methods such as focused ion beam milling and electron beam
lithography. This talk will discuss how soft-nanolithographic approaches can be used to generate wafer-scale plasmonic crystals
for promising plasmonic applications.
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Surface plasmon launcher from colloidal quantum dots

LEE Chang-Won, PARK Yeonsang, KIM Jineun, SUH Hwansoo
Samsung Advanced Institute of Technology.
Surface Plasmon Polariton (SPP) in a nanostructure has been intensively studied for strong photon-matter interaction and
potential applications to integrated circuits. Here we demonstrate a SPP launcher based on a locally embedded colloidal
quantum dot (QD) cluster. The QDs have core/shell/shell (CdSe/CdS/ZnS) structures which emit visible light with a center
wavelength of 620 nm (2 eV). A 300 nm-wide circular slit is fabricated on a 300 nm-thick Au film by Focused Ion Beam
milling with an inner radius of 10.15 μm. A QD cluster is lithographically allocated at the center of the slit, either on the flat
surface or on a 50-nm-deep trenched surface. The QD cluster is excited by a laser beam at 488 nm from the air side. The laser
beam is focused in order to avoid transmission through the circular slit. SPPs generated from the QD cluster propagate outward
and couple to the circular slit. Transmitted SPPs through the circular slit generate radiation to the substrate side of the slit. For
viewing the image at the substrate side, a 60X oil immersion objective from backside is used and imaged by a thermoelectrically
cooled CCD camera. The QD cluster absorbs energy from an external semiconductor laser and emits radiation through
spontaneous emission process. This QD cluster works as a receiving optical antenna to transform the spontaneous emission into
evanescent SPP wave by breaking the translational symmetry of the flat Au surface. The SPPs reaching outer slit scatter to both
side of the slit. Since slit width is smaller than half the wavelength of the free-space radiation, only SPP mode can transmit and
reach the substrate of the sample. Contrary to the coherent excitation of the circular slit, the SPP wave from the QD cluster is
incoherent. Therefore, there is no polarization dependence on the incident laser beam from the captured image. The SPP
launcher can be applied in various photonic applications such as plasmonic nanoantenna, nanolaser, and future photonic circuits.

EF-18

Preferential killing of human lung cancer cell lines with mitochondrial dysfunction by nonthermal DBD plasma
2,
2,
3
, PANNGOM Kamonporn1,
,
. 1
,
. 2
,
. 3
.
The distinctive cellular and mitochondrial dysfunctions of a human lung cancer cell line (H460) from a human lung normal
cell line (MRC5) have been studied by dielectric barrier discharge (DBD) plasma treatment. This cytotoxicity is exposure time
dependent which is strongly mediated by the large amount of H2O2 and NOx in culture media generated by DBD non-thermal
plasma. It is found that the cell number of lung cancer cell H460 has been reduced more than the lung normal cell MRC5. The
mitochondrial vulnerability to reactive species in H460 may induce distinctively selective responses. Differential mitochondrial
membrane potential decrease, mitochondrial enzymatic dysfunction, and mitochondrial morphological alteration are exhibited in
two cell lines. These results suggest the non-thermal plasma treatment as an efficacious modality in lung cancer therapy.
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A Macrophage-Specific Fluorescent Probe Distinguishes Metastatic And Inflamed Lymph

Nodes In Vivo
2,
1
JOW Zhi Yen1, YUN Xian Koh1,
,
. 1Agency of Science, Technology and
Research, Singapore Bioimaging Consortium. 2
.
Sentinel lymph node identification and accurate detection of nodal
metastases are crucial for successful cancer treatment with long-term
progression-free survival. There is a wealth of new imaging technologies for nodal staging such as nanoparticle-enhanced
magnetic resonance imaging (MRI) and quantum dots (QDs) based fluorescence imaging; however, neither technology is
suitable for intraoperative differentiation between inflamed and metastatic lymph nodes. This study demonstrates the feasibility
of using macrophage-specific fluorescent probe (MFP) to identify sentinel lymph node and distinguish adenopathy related to
inflammation and that caused by infiltration of tumor cells under surgical condition. We discovered a MFP through a highthroughput screening of fluorescent small molecule libraries synthesized with diversity-oriented approach. MFP is capable of
selective monocyte/macrophage targeting in vitro for live cell imaging and flow cytometry and in vivo for image-guided
surgery. Injection of MFP permits in vivo epifluorescence imaging of sentinel lymph node within minutes by active binding
macrophage which is main component of lymph node. An intraoperative target-to-background ratio (TBR) of 31.4 for inflamed
node with proliferated macrophages was achieved compared to ratio of 11.6 for normal node (P < 0.01). In tumor model
systems, nodal uptake of MFP was found to be significantly lower in the node with large metastases (intraoperative TBR = 6.8)
than in micrometastastic node (intraoperative TBR = 24.8, P < 0.01) due to replacement of macrophage by tumor cells.
Collectively, these results suggest intraoperative imaging approach for accurate assessment of lymph node status to eliminate
the need for invasive lymphadenectomy, improving survival and limiting complications in cancer therapy.

,

1,
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Identifying the growth direction of metal oxide nanowires by polarized Raman scattering

spectroscopy
SHIN Hae-Young, JUNG Hayoung1, KIM Myung Hwa1, YOON
Seokhyun
Department of Physics, Ewha Womans University, Seoul, 120-750,
Korea. 1Department of Chemistry and Nano Science, Ewha Womans
University, Seoul, 120-750, Korea.
Recently, metal oxide nanowires such as MoO3 and RuO2 have been
studied for physical and engineering applications. MoO3 nanowires can
be used as catalysts, batteries, and memory materials. Also, RuO2
nanowires have a great potential as materials for electrodes in
electrochemical devices due to their high electrical conductivity, chemical
stability, etc. For constructing nanodevices, understanding nanostructure
is very important because the physical properties of nanostructures
depend strongly on their composition, crystal structure, and growth
direction. Here, we present polarized Raman scattering results of α-MoO3
nanowires and RuO2 nanowires to determine the growth direction of the
nanowires. MoO3 and RuO2 nanowires were grown on Si wafer by
APCVD without any catalyst at 500 ℃ and at about 750 ℃, respectively.
We confirmed the growth direction of nanowires measured by Raman
measurement, by using HRTEM. We show that polarized Raman scattering spectroscopy can provide a relatively simple and
prompt mean to determine the growth direction of a nanowire.
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EG-02*

Metal-Particle-Induced Enhancement or Suppression of the Photoluminescence from RNAFunctionalized Single-Walled Carbon Nanotubes
,

,
.
Effect of metal particles on single-walled carbon nanotubes (SWCNTs)
dispersed in aqueous RNA solution was investigated by using Raman,
photoluminescence (PL), and absorption spectroscopy. Introduction of
cobalt (Co) particles into the RNA-functionalized SWCNT suspension
strongly enhanced PL intensity whereas copper (Cu) particles
significantly suppressed the PL intensity. SWCNT Raman intensities did
not show any change after the introduction of Co or Cu particles
into SWCNT-RNA solutions.

EG-03*

The Piezo Electricity Of ZnO Microwire Synthesized By CVD Method

KIM hakseong, YOON Hoang, LEE sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk
University.
We studied the piezo electric property of ZnO microwire synthesized by
CVD method. The ZnO microwire was transferred to pre-designed trench
substrate to make a suspended structure. Then, the substrate was attached
on piezo ceramic to give a mechanical vibration to ZnO microwire. The
suspended ZnO microwire was induced to vibrate strongly as its
resonance frequency when the piezo ceramic vibrated at the resonance
frequency of the ZnO microwire during the AC frequency sweep. The
current generated by the mechanical vibration of ZnO microwire was
measured by an amperemeter. In this presentation, we will explain the
experimental results based on the electrical and mechanical properties of
ZnO microwire.
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EG-04*

Polarity-dependent Switching of Charge Conducting States in Artificially Fabricated
Nickel Oxide Nano-structures

JO William, LEE Nuri, KIM D.-W., MENY Cristian1
Ewha Womans University, Department of Physics. 1UMR 7504 ULPCNRS,Institute of Physics and Chemistry of Materials.
We report fabrication and measurement of nickel oxide nano-dots by
scanning probe anodic oxidation, which is used both for lithography and
current-voltage (I-V) characteristics. On the direct contact with external
bias voltage in ambient conditions, the nickel oxide nano-dots are
formed. The applied voltage and time turn out to be critical for
determining the size and shape of the nickel nano-structures, which is
nicely explained by the Cabrera-Mott kinetic model of the oxidation
process. For the tailored arrays of the nano-dots, a step-scanning
measurement of I-V curves was conducted. Checking precise contact
between the cantilever and the protruded position is an important process to obtain reliable I-V characteristics. Our nickel oxide
nano-dots show an interesting counter-clockwise bipolar resistive switching which is independent of the range of the applied
voltage. The values of voltage seem to be dependent on the size of the nano-dots, but the bipolarity and occurrence order of
switching phenomena are unchanged among the measured nano-dots. Our nickel oxide nano-dots showed an interesting counterclockwise bipolar resistive switching with RESET and SET voltages for negative and positive biases, respectively.

EG-05

Tunable ferroelectricity in artificialtri-layer superlattices comprisedof non-ferroic

components
,

.
Heterostructured material systems devoid of ferroic components are
presumed not to display ordering associated with ferroelectricity. In
heterostructures composed of transition metal oxides, however, the
disruption introduced by an interface can affect the balance of the
competing interactions among electronic spins, charges and orbitals.
Here we report the discovery of ferroelectricity in artificial tri-layer
superlattices
consisting
solely
of
non-ferroelectric
NdMnO3/SrMnO3/LaMnO3 layers. Ferroelectricity was observed below
40 K exhibiting strong tunability by superlattice periodicity. Furthermore,
magnetoelectric coupling resulted in 150% magnetic modulation of the
polarization. Density functional calculations indicate that broken space
inversion symmetry and mixed valency, because of cationic asymmetry
and interfacial polar discontinuity, respectively, give rise to the observed behaviour. Our results demonstrate the engineering of
asymmetric layered structures with emergent ferroelectric and magnetic field tunable functions distinct from that of normal
devices, for which the components are typically ferroelectrics.
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Fabrication of Bismuth Telluride 1-Dimensional Nanostructures by Galvanic Displacement
Reaction of Metal Nanowires
,

,

1,

1,

2

,
. 1
. 2
.
Bismuth telluride (Bi2Te3) is an interesting material applicable for thermoelectric elements, phase change memories, and a
topological insulator. We fabricated BixTe1-x 1-dimensional nanowires, nanotubes, and nanotapers by galvanic displacement
reaction (GDR) of metal nanowires such as Co, Ni, and NiFe alloys. These sacrificial metal wires were electrodeposited into the
pores of anodized aluminum oxide membranes. We have demonstrated that the morphology of BixTe1-x nanostructures could be
controlled by modulating geometry and composition of the sacrificial metal nanowires as well as by variation in the
concentrations of Bi and Te in the GDR electrolyte.

EG-07*

Low Surfactant Composites with Sub-Krafft Nanotube Dispersions in a Self-Organized Host

JO HyeRan, PARK Ji Hyun, SCALIA Giusy
Graduate School of Convergence Science and Technology and Advanced Institutes of Convergence Technology, Seoul National
University, Suwon, South Korea.
CNTs (carbon nanotubes) have attracted attention as novel material due to their exceptional electrical, mechanical and thermal
properties. However, dispersion and organization of CNTs are a general problem for commercialization and further
developments, because of the strong attractive van der Waals forces that originate disordered aggregates. Common methods for
counteracting CNT aggregation are based on surfactants such as sodium dodecylbenzenesulfonate (SDBS) or
cetyltrimethylammonium bromide (CTAB). CNTs, surrounded by surfactant molecules, are electrostatic repelled, counteracting
the attractive forces. A problem with this approach is that surfactant molecules, remaining even after deposition and rinsing of
the nanotubes and in composites, deteriorate the overall properties.Hereby, we aim at organizing CNTs by a transfer of order
from a self-organized host, lyotropic Liquid Crystals (LCs), while minimizing the amount of surfactant. At this end we use a
combination of cationic and anionic surfactants, SDS (sodium dodecyl 1sulfate) and 12TAB(dodecyl trimethylammonium
bromide) for forming the lyotropic LC. The idea is to use electrostatic attraction and better packing conditions for obtaining a
self-organized phase of anisotropic surfactant aggregates at a minimal concentration. We disperse CNTs using our sub-Krafft
method [1] and mixed to the lyotropic host. Using this approach, we have succeeded to form a CNT composite based on a
lyotropic phase with a total concentration of surfactant equal to 8wt%. This constitutes a reduction of more than one order of
magnitude compared to our previous work. We investigate the composite by polarized optical microscopy as well as polarized
Raman spectroscopy.
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Two Dimensional Vertical Heterojunction with MoS2, MoSe2, and WSe2

LEE Dae-Yeong, LEE Gwan-Hyoung1, LIU Xiaochi, HONE James1,
YOO Won Jong
Sungkyunkwan Univ. (SKKU), SKKU Advanced Institute of NanoTechnology (SAINT), 2066 Seobu-ro, Jangan-gu, Suwon-si, Gyeonggi-do,
440-746, Korea. 1Columbia Univ., Department of Mechanical
Engineering, New York, New York, 10027, USA.
Two dimensional material graphene has been a hot material for the
researchers worldwide because of its fascinating mechanical, chemical,
physical, thermal, and electrical properties. However, because of its lack
of band gap, its application to digital device has a limitation. Recently new two dimensional materials, such as molybdenum
diselenide (MoSe2), molybdenum disulfide (MoS2), tungsten diselenide (MoSe2), and tungsten disulfide (WS2), are getting a
spotlight because of their band gap. With the graphene, these materials become the candidates which can replace silicon for
future transparent and flexible electronics. In this study, we made vertical heterojunction using two dimensional materials using
MoSe2, MoS2, and WSe2. The junctions consist of these materials show rectifying behavior like p-n junction. Single MoSe2
device shows unipolar rectifying behavior because of its double Schottky barriers (Figure 1). The MoSe2 transistor shows about
105 on/off ratio and huge hysteresis which can be applicable to switch and/or memory devices. MoSe2-MoS2 junction devices
also show rectifying behavior depends on their flake thickness. Junction consist of thick flakes shows severe reverse current
otherwise thin junction shows almost no reverse current.

EG-09*

Fabrication of Kesterite Cu2ZnGeX4(X=S/Se) Thin Films Synthesized by Chemical Spray

Pyrolysis

KHADKA Dhruba,
.
We have fabricated of polycrystalline Cu2ZnGeS4(CZGS) and Cu2ZnGeSe4(CZGSe)thin films using spray pyrolysis technique
followed by post-sulfurization and post-selenization . The growth properties of fabricated thin films were investigated with
morphological, structural and optical properties and discussed on photovoltaic aspect.The morphology and stoichiometry of
synthesized films were analyzed by field emission-scanning electronmicroscopy(FE-SEM) and energy dispersive Xrayspectroscopy(EDS). The XRD patterns and Raman spectra results implicate improved crystallinity of post-sulfurized CZGS
and post-selenized CZGSefilms with kesterite structure. By analyzing the optical properties of CZGS and CZGSe films, the
band gap energy was estimated as 1.79-1.84 eV for post-sulfurized CZGS films and 1.35-1.43 eV for post-selenized CZGSe
films. The band gap energy of CZGSe was found to be in the range of optimal band gap for absorber layer in solar cell which
implies its potential application in heterojunctions thin film solar cell.
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Incorporation of selenium into Cu2S-ZnS-SnS2 compound precursors for growth of high-

efficient Cu2ZnSn(S,Se)4 thin-film solar cells

JO William, KIM GeeYeong, JEONG Ah Reum, KIM Ju Ri1, SON DaeHo2, KIM Dae-Hwan2, KANG Jin-Kyu2
New and Renewable Energy Research Center & Department of Physics,
Ewha Womans University. 1Department of Physics Ewha Womans
University. 2Green Energy Research Division, Daegu Gyeongbuk
Institute of Science and Technology.
Cu2ZnSn(S,Se)4 (CZTSSe) is emerged as a promising material
for thin film solar cells because of non-toxic and earth abundant. If the
efficiency of CZTSSe is close to that of Cu(In,Ga)Se2, which is promising as an alternative to silicon solar cells. The CZTSSe
thin-films were grown by sputtering and subsequent selenization process. Selenium was provided into the 1.2 mm-thick
precursors at 570oC, which is critical to tune the bandgap around 1.1 eV and form the MoSe2 layers between the absorber and
the bottom electrode. The best efficiency of the CZTSSe cells is measured at 8.06 %. In this study, local electrical properties of
the CZTSSe thin-films with a variety of the efficiency from 3 to 8% are presented. In the grain boundaries (GB) of
chalcopyrites, recombination of the electron-hole pairs is well known. However, recombination of the CZTSSe is still unclear.
We investigated current route and surface potential by conductive atomic force microscopy (C-AFM) and Kelvin probe force
microscopy (KPFM), respectively. From C-AFM, current flows in the vicinity of GB when potential barriers slow down the
transport majority carriers. KPFM result indicates that carrier transport near GBs plays an important role in device performance
of CZTSSe thin-film solar cells.
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Real-Time X-ray Scattering as a Nanostructure Probe for Organic Photovoltaic Thin Films
1,

2

,
. 1
,
. 2
,
.
Recently, nanostructure and the molecular orientation of organic thin films have been largely paid attention due to its
importance in organic electronics such as organic thin film transistors (OTFTs), organic light emitting diodes (OLEDs), and
organic photovoltaics (OPVs). Among various methods, the diffraction and scattering techniques based on synchrotron x-rays
have shown powerful results in organic thin film systems. In this work, we introduce the in-situ annealing system installed at
PLS-II (Pohang Light Source II) for organic thin films by simultaneously conducting various x-ray scattering measurements of
x-ray reflectivity, conventional x-ray scattering, grazing incidence wide angle x-ray scattering (GI-WAXS) and so on. Using the
in-situ measurement, we could obtain real time variation of nanostructure as well as molecular orientation during thermal
annealing in metal-phthalocyanine thin films. The variation of surface and interface also could be simultaneously investigated
by the x-ray reflectivity measurement.

EG-13*
,

In-plane anisotropic photovoltaic effects in aligned polymer solar cells
,

,
,
.
We present herein the results of a study of polarizing photovoltaic (PV)
effects in an aligned polymer bulk-heterojunction PV layer. The PV layer
consisted of a composite of poly(3-hexylthiophene) and methanofullerene
(P3HT:PCBM) and the fairly uniform in-plane alignment of the
P3HT:PCBM PV layer was achieved by means of a simple rubbing technique. The macroscopic orientation of the main chain of
the P3HT polymer in the aligned layer was observed to be significantly greater in the direction of rubbing, while the nanoscopic
crystalline packing along the side chains of the P3HT decreased significantly. The polymer solar cells that contained aligned
P3HT:PCBM photoactive films exhibited a greater degree of anisotropy of the PV effects under polarized illumination along the
two principal axes. These findings form a promising foundation for new types of polarization-dependent opto-electrical SolarLCD device applications.
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Electrical conduction mechanism with hole injection layer in organic devices: A combined
dynamic analysis with current density-voltage measurements and impedance spectroscopy

SHIN Dongguen, LEE Jeihyun, KIM Hyein, YI Yeonjin
Institute of Physics and Applied Physics, Yonsei University.
Organic electronic devices (OEDs) have been attracted for a decade and many techniques have been developed to improve
device performance. The most important progress is the adoption of organic multilayer structures. An appropriate hole injection
layer (HIL) is necessary to achieve highly efficient hole injection from an anode to a hole transport layer (HTL) in OEDs. A
various working mechanisms of HIL have been reported in the thermal equilibrium with photoelectron spectroscopy (PES); e.g.
ladder effect, gap state formation, interface state, and charge generation. However, working devices should be understood with
an applied electric field inside the device. Holes have to overcome injection barrier to contribute electrical conduction. The
simplest models explaining these injection properties are Richardson-Schottky (RS) thermionic emission and Fowler-Nordheim
(FN) tunneling. However detailed analysis with HTL in combination of HIL has not been reported thoroughly. In this study, we
analyzed the effect of the cobalt phthalocyanine (CoPc) HIL which assists FN tunneling into N,N′-diphenyl-N,N′-bis(1naphthyl)-(1,1′-biphenyl)-4,4′-diamine (NPB) HTL as a ladder effect. We performed current density-voltage (J-V) and
impedance spectroscopy (IS) measurements with simple hole-only devices having the structure of Al/NPB/CoPc/ITO and
Al/NPB/ITO. Finally, we present the hole injection mechanism of the CoPc HIL.

EG-15*

A Stencil Nano Lithography with PMMA Shadow Mask and its Application in Nanoscale
Organic Electronic System
YUN Hoyeol, KIM Sangwook1, KIM Hakseong, MCALLISTER Kirstie,
PYO Seungmoon1, KIM Jun Sung2, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk
University. 1Department of Chemistry, Konkuk University. 2Department
of physics ,Pohang University of Science and Technology.
In this presentation, a stencil lithography of new fabrication scheme
using a Poly(methyl methacrylate) (PMMA) shadow mask which has a transparency, flexibility and high resolution electrode
pattern was developed and optimized to form a nanoscale organic electronic system. Firstly, this technique was applied to
fabricate nanoscale pentacene field effect transistor (FET) which has top contact source and drain electrodes. The configurations
of pentacene layer such as position, width and length were controlled from micro- to nanoscale using the gapless and soft
contact between the PMMA mask and target substrate. The pairs of gold electrode on partially deposited pentacene layer were
precisely defined using another PMMA shadow mask and the channel length of the transistor was varied from 5um to 500nm.
Finally, the change of mobility and hysteresis of the pentacene FET were analyzed according to the various configuration of
pentacene channel.
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Crystallographic orientation dependence of the change of Raman spectra of strained single

layer graphene

CHEONG Hyeonsik, CHO Yujin, JEGAL Seonyoung, KIM Minjung, LEE Jae-Ung
Department of Physics, Sogang University.
We study the change of Raman spectra of uniaxially strained single layer graphene using polarized micro Raman spectroscopy.
We mainly measure the Raman G and 2D band as a function of uniaxial strain for samples with different crystallographic
orientations. In the Raman spectrum of single layer graphene under uniaxial strain, the G band redshifts and splits into two
Lorentzian peaks due to symmetry breaking of the doubly degenerate E2g phonons. For the 2D band of strained single layer
graphene, the modified electron and phonon dispersions result in the splitting of the double resonance 2D Raman band, which
depends on the crystallographic orientation with respect to the strain direction. It originates from significant changes in the
resonant conditions owing to both the distorted Dirac cones and anisotropic modifications of the phonon dispersion under
uniaxial strain [1]. Both of the G and 2D band show different polarization dependence for samples with different
crystallographic orientation. However, the peak shift rates of the G band have similar values for the samples with different
crystallographic orientations with respect to strain direction. On the other hand, the splitting of the 2D band depends on the
crystallographic orientations with respect to strain direction. If the crystallographic orientation angle is half way between the
zigzag and armchair orientations, the 2D band splits into three Lorentzian peaks since all paths between K point and K’ point
show different double resonant Raman scattering process. By comparing intensity ratios of the three Lorentzian peaks of the 2D
band, we can determine the crystallographic orientation with respect to strain direction.

EG-17

Hybrid Piezoelectric Structure for Wearable Nanogenerator

LEE Minbaek, WANG Zhong Lin1
Inha University, Dept. of Physics. 1Georgia Institute of Technology, Materials Science & Engineering.
Human motion-based energy harvesting concept has huge technological interest in accordance with growing popularity of
portable smart electronics. It is becoming more feasible due to advanced research for nano-electronics to operate at extremely
low power-consumption so that the energy scavenged from the environment may be able to meet their working modes. Solar
and thermal energies are most common and feasible sources of energy to be scavenged in our surroundings. However, these
types of energies are time and location dependent. Especially for personal electronics, mechanical energy is most likely reliable
and independent energy source since human activities are mostly based on mechanical movements regardless of environments.
Harvesting energy from body motion or human activity has a strong potential, which can untie modern personal life from messy
connections of wire for electric power supply. According to such concept, nanowire-based nanogenerators (NGs) built on textile
fibers or solid substrates were demonstrated for harvesting mechanical energy produced by friction-motion of two fibers or
ultrasonic waves. For scavenging the energy from mechanical movements especially human activities, until now, it is important
to explore wearable and sustainable technologies that work at low frequencies and at various amounts/directions of deformation
and that are based on flexible and durable materials.
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Passivation effect on MoS2 field effect transistors under oxygen, nitrogen, and vacuum

environments

LEE Takhee, PARK Woanseo, PARK Juhun, LEE Hyunwoo, JEOUNG
Hyunhak, CHO Kyungjune, HONG Seunghun
Seoul National University.
Two-dimensional films acting as ultrathin active devices have gained
great interest for usage in the electronic devices. Graphene has become
the most famous two-dimensional film due to its great electrical
properties, such as high carrier mobility and electric conductivity [1].
However, graphene cannot be used as an active channel in field effect
transistors (FETs) because it either does not have a bandgap or has a
narrow bandgap at best. Recently, molybdenum disulfide (MoS2) has
gained a significant attention because it can also be formed as an atomiclayer-thick device and, more importantly, it has a bandgap. MoS2 has an indirect bandgap, 1.2 eV at bulk and direct bandgap,

1.8 eV at single atomic layer. Moreover, MoS2 FETs can exhibit high on/off current ratio about 106-108 [2]. In this study, we
report on the passivation effect on MoS2 FETs under nitrogen, vacuum, and oxygen environments [3]. The MoS2 FET devices
were passivated with a polymethyl methacrylate (PMMA) layer, and the electrical properties of the MoS2 FETs were
investigated and compared before and after the PMMA passivation in different environments. When the MoS2 FETs were
exposed to oxygen, the on-current decreased and the threshold voltage shifted in the positive gate bias direction. In contrast, the
electrical properties of the PMMA-passivated MoS2 FETs changed only slightly in different environments.

EG-19

synthesis and characterization of mono-and multi-layer hybrid graphene film
1,

,

2,

.

2,

2,

2

1

2

.

.
.

,
.
.

,

.
,

.

,

.
,

.
,

.

- 271 -

2013 봄 학술논문발표회 및 제89회 정기총회

EG-20

2013.04.24-26, 대전컨벤션센터

Anomalous thermopower behaviour of inhomogeneous graphene grown by chemical vapour

deposition

NAM Youngwoo, SUN Jie1, NICLAS Lindvall1, YANG Seung Jae2, PARK Chong Rae2, PARK Yung Woo, YURGENS
August1
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Republic of Korea. 1Department of
Microtechnology and Nanoscience, Chalmers University of Technology, SE-412 96 Gothenburg, Sweden. 2Department of
Materials Science and Engineering, Seoul National University, Seoul 151-747, Republic of Korea.
We report thermopower (TEP) measurements of inhomogeneous graphene grown by chemical vapour deposition (CVD).
Unlike resistance measurements, the gate dependent TEP shows large electron-hole asymmetry. This can be attributed to
individual graphene regions having different TEP’s in the inhomogeneous CVD-grown graphene. In the presence of high
magnetic field, we observe anomalous fluctuations in TEP between filling factors ν = 2, along with insulating ν = 0 quantum
Hall state. We believe that the TEP measurements provide additional information associated with inherent characteristics of
CVD-grown graphene which are difficult to find in the measurement of resistance alone.
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Efficient carrier collection by surface-concentrated-light in microhole-patterned Si solar cells
1,

2,

2,

2,

3,

,
. 1
,
. 2
. 3
.
Light management has been an important issue to raise energy conversion efficiency (CE) of crystalline Si (c-Si) solar cells.
Optical absorption enhancement in the limited absorber volume is the most crucial factor to improve the solar cell performance.
Antireflection coating, surface texturing, adiabatic refractive index matching, and plasmonic nanoparticles are well-known ways
to increase the optical absorption. To effectively enhance the CE, however, not only the overall optical absorption, but also the
optical-field distribution in the absorber should be considered to match the light-concentrated region and carrier depletion
region. In this study, we investigate optical and electrical characteristics for microhole-patterned c-Si solar cells by conventional
photolithography process and reactive ion etching. The microhole-pattern can improve the optical absorption in wide
wavelength range. The diode characteristics are not much deteriorated compared with those of planar counterparts. More
importantly, it is revealed that the light is concentrated near the surface by finite-difference time-domain simulation. Such
concentration of light near the surface enables very efficient carrier collection, which is well supported by the quantum
efficiency data.
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Local Structural Properties and Growth Mechanism of ZnO Nanorods on Heterointerfaces

JIN Zhenlan, PARK C.-I., HAN S.-W.
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756, Korea.
Local structural properties and growth mechanism of high-quality ZnO(001) nanorods grown on SrTiO3 (STO) substrates were
investigated using various measurements. Vertically-aligned ZnO(001) nanorods were synthesized on STO(001) substrates
using a catalyst-free metal organic chemical vapor deposition. In the beginning of ZnO growth, a ZnO(110) buffer layer was
dominantly grown on the STO substrates meanwhile (001)-oriented ZnO nanoparticles were randomly developed in the buffer
layer as seeds of ZnO(001) nanorods. When the population and the size of ZnO(001) nanoparticles increased, the roughness of
the growth surface increased rapidly and, subsequently, ZnO (001) nanorods formed in ZnO(110) buffer layers. The ZnO(110)
buffer layers played a role to reduce the lattice mismatch between ZnO and STO. The fluctuation of the growth surface
morphology and the higher surface energy of the (001) plane of ZnO was essential for ZnO nanorod growth.

EG-25

An intriguing 3D silicon membrane for anodes of lithium ion batteries

XIA Fan, KIM Seong Been, KWON Sun Sang, PARK Won Il
Division of Material Science and Engineering, Hanyang University, Seoul, 133791, Korea.
Silicon (Si) is of the largest known theoretical capacity (about 4200 mAh/g) that makes it one of the most promising candidate
for the anode materials in lithium ion batteries. However, volume expansion up to as much as 400% during the reaction with Li
caused particle pulverization and fracture, resulting in rapid capacity fading. In this work, we propose a facile method to
synthesis an intriguing Si membrane structure with good mechanical strength and three-dimensional configuration that is
capable of accommodating large volume changes associated with lithiation in batteries applications. In specific, the cycliability
and rate capability are promoted based on the merits of this membrane nanoarchitecture, that is, pre-defined interior spaces
within the capped hexagonal nanowalls as well as the exterior spaces between them can effectively accommodate the reversible
volume change. In addition, the underline layer not only interconnects the current collectors but also clamps the end of every
hexagonal nanowall so that it ensures robust electrical and mechanical connection. Additionally, such a Si membrane can be
transferred anywhere, which makes its latent functions to be exploited in the following days.
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Fabrication and Applications of Nano/micro Features of Soft Materials by Dip-Pen
Nanolithography

JANG Jae-Won
Dept. of Physics, Pukyong National University, Busan, Korea.
Nano-structured soft materials have been attracted many interests in broad fields of applications. A typical example is protein
patterning in subcelluar scale. A protein patterning on a material surface has been widely used in fundamental biological studies
and biosensors applications. Especially, protein patterns in subcelluar scale allow for manipulating cell behaviors such as cellbinding, cell-division, and cell-diffraction. Some methods have been developed and carried out for nano/micro structures
patterning of soft materials such as photolithography, e-beam lithography, microarray, and micro-stamping. However, there are
still limitations on each method, so that it is still challenges to achieve reliable soft materials patterning in nano/micro scale. In
addition, simplified fabrication process is also highly demanded. Herein, we demonstrate easy and convenient patterning of soft
materials’ micro/nanostructures using dip-pen nanolithography (DPN). Two different ways for proteins nano/micro arrays
patterning were carried out. Multiplexed proteins micro arrays were directly patterned on silicon oxide or glass substrates.
Proteins nano arrays were obtained by binding on DPN patterned alkanethiol or silane nano arrays. For further applications, the
protein nano/micro arrays were used for cell patterning and cell polarization control.

EG-27
,

,

Investigation of thin film growth on ultra-thin membrane using EBID

,
,
,
,
.
Recently, electron-beam induced deposition has been investigated as an alternative method to fabricate patterned structure. The
principle of thin-film growth due to EBID is to adsorb the atoms coming from residual gas molecules dissociated by secondary
electrons (SEs). Theoretically, high probability of interaction between the gas molecules and SEs (related to the concentration of
SEs and the molecule) elevates the deposition rate. Noticeably, we found that the thin films could be deposited on both sides of
the membrane, and their growth rate and morphology may be controlled by irradiation energy and membrane thickness. In this
work, we investigated the effect of irradiation condition and membrane thickness on thin films grown by EBID on free standing
SiN membrane on Si wafer.
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Morphological investigation of self-assembled nanoparticles using light-scattering
,

,
,
,
.
The structural coupling of nanoparticles (NPs) due to external driving force such as magnetic force, bio-molecular force, and
electric force have been intensively of interest because various industrial and medical applications. So for, the structural
investigation has been mostly carried out by SEM, which is limited to dried sample. Herein, we present a light scattering
measurement to observe the conformational information on aggregated NPs. NPs used in this work are magnetic NPs, which is
readily tunable with magnetic force. Several structures (linear chain, triangle, pentagon, etc) with nano-particles were made and
fixed by agarose gel. The scattered light were acquired by linear CCD and verified by fluorescence detection at the same time.
We also show the computational simulation of the Mie scattering through the coupled structures.

EG-29

The investigation of the micro-channel structure of primo vessel inside lymph vessel by light
scattering pattern
,

,

,
,
,
.
The micro-channel structures of the primo vessels were investigated by the scattering pattern of 510nm laser beam. To
investigate micro channel structure of the primo vessel, we built simulation models for the various micro capillaries. The
simulation results were compared to the scattering pattern of the real micro glass capillary by the 510nm laser beam and we
could verify this simulation is well-established method to investigate the micro channel structures. Then, the scattering patterns
of the primo vessels, blood vessel and lymph vessel were obtained and their patterns were compared not only to simulation
result but also with one another. As a result we could confirm that the primo vessel had some micro channel structures in it.
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Separation of Tumor Cell using Nano-patterned Si substrates and Analysis of CellNanostructure Interface

KIM Dong-Joo, KIM Gil-Sung, HYUNG Jung-Hwan, PARK No-Won1, LEE Won-Yong1, LEE Sang-Kwon1
Department of Semiconductor Science and Technology, Chonbuk National University, Jeonju 561-756, Korea. 1Deparrtment of
Physics, Chung-Ang University, Seoul, 156-756, Korea.
In last decades, the application of nanotechnology such as the fields of electronic and optical engineering is well established.
On the other hand, the use of nanostructured-materials in other biomedical fields is truly novel and still a lot of room for further
research. Recent reports on cell-nanostructure interaction on the solid surface have shown that nanometer scale topography
strongly influences not only diverse cell behaviors, including cell adhesion, motility, proliferation and differentiation, but also
cell capture efficiency and yield. In this report, we demonstrated the functional cellular morphology parameters including size,
shape, and distribution of the captured cells on nano-patterned substrates, such as silicon and quartz nanowires (SiNW and
QNW). The SiNW and QNW were prepared by modified self-assembly technique with colloidal polystyrene (PS) bead as we
reported previously (Nanoscale 4, 2500, 2012). By verifying of capture efficiencies. Which is defined as the percentage of
captured cells to cells initially loaded of tumor cells (A549, human lung carcinoma cell line, CC-185, ATCC, USA) captured on
streptavidin (STR)-functionalized SiNW and QNW substrates. In our results, we observed that the nano-patterned substrates
could not only increase in adhesion and traction force between the cell and nano-patterned substrates but also limit the cell
spreading on the substrates. We also found that there is strong correlation between the capture efficiency and nanotopolgraphy
(e.g. morphology, interaction etc.) of the substrates. We will discuss these behaviors of the captured cells on the substrates via
cross-sectional view of focused ion beam (FIB) and high-content fluorescence laser scanning cytometry (LSC).

EG-31

Giant Acoustic Concentration by Extraordinary Transmission in Zero-Mass Metamaterials

LEE Sam Hyeon, PARK Jong Jin, LEE K. J. B.1, WRIGHT Oliver B.2, JUNG Myoung Ki
Institute of Physics and Applied Physics, Yonsei University. 1Department of Physics, Ewha Womans University. 2Division of
Applied Physics, Faculty of Engineering, Hokkaido University.
We demonstrate 97, 89 and 76% transmission of sound amplitude in air through walls perforated with subwavelength holes of
areal coverage fractions 0.10, 0.03 and 0.01, respectively, producing 94-, 880- and 5700-fold intensity enhancements therein.
This remarkable level of extraordinary acoustic transmission is achieved with thin tensioned circular membranes, making the
mass of the air in the holes effectively vanish. Imaging the pressure field confirms incident-angle independent transmission, thus
realizing a bona de invisible wall. Applications include high-resolution acoustic sensing.
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Electrically Tunable Metamaterial Based on Twisted Nematics Liquid Crystal Cell

Structure
,

,
,
,
,
,
.
We fabricated an electrically tunable metamaterial based on
twisted nematics liquid crystal cell, where polarization dependent
reflectance of the metamaterial can be controlled via applied voltage.
When the metamaterial-twisted nematics liquid crystal cell is driven
with a voltage above the threshold, optical reflection of the cell has
changed. Our result provides the possibility of tuning the frequency
selective properties of metamaterials by applied voltage.
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Rupturing of the Hoogsteen base pairing in triplex DNA by magnetic tweezers

LEE ILBUEM, JUNG HAEJUN, HONG SEOKCHEOL
Department of Physics, Korea University, Seoul, Korea.
DNA exists as a double helix of two strands and the two strands are
connected by “Watson-Crick” base pairs. Hoogsteen reported new
binding modes, which were now known as "Hoogsteen base pairing". The
geometries of Hoogsteen and Watson-Crick base pairing are markedly
different. Hoogsteen base pairing plays important roles in forming nonconventional nucleic acid structures such as triplex DNA and quadruplex
DNA. Despite intensive chemical and biochemical studies, the physical
nature of the pairing remains largely unknown. Thus, triplex DNA being
a model system for the Hoogsteen pairing, we investigated the
mechanical and dynamical behaviors of the Hoogsteen pairing. Forceinduced rupturing of the Hoogsteen pairs has not been reported. In order
to monitor the nano-scale conformational transition upon unzipping of the
Hoogsteen pairs in the presence of tension, we utilized the hybrid
technique of smFRET and magnetic tweezers. We found that a few pN’s
tension is sufficient to rupture the Hoogsteen pairs in triplex DNA at pH
= 6.5 and observed frequent interconversions between zipped and
unzipped states implying a small energy barrier between them. (NRF
2010 00 10594).
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Enhanced Phosphorescence from a Periodically Arranged Phosphor Structure
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EP-01

Intriguing Phenomena of Oxide Thin Films Investigated by Scanning Probe Microscopy

YANG Sang Mo
Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science, and Department of Physics &
Astronomy, Seoul National University.
Over the past two decades, oxide thin films have attracted significant attentions due to their diverse physical properties,
including ferroelectricity, ferromagnetism, superconductivity, colossal magnetoresistance, and metal-insulator transition. Since
the size of specimen becomes smaller, it is highly required to investigate the physical properties of oxide thin films at the
nanoscale level. Scanning probe microscopy (SPM) is an essential tool for characterizing solid surfaces and bulk materials at the
nanometer scale. In this talk, various SPM studies of oxide thin films will be presented. In particular, I will focus on the recent
piezoresponse force microscopy (PFM) and conductive-atomic force microscopy (c-AFM) studies of ferroelectric thin films:
one is the PFM study on the change of domain dynamics during the polarization fatigue in Pb(Zr,Ti)O3 capacitors [1], and the
other is the c-AFM study on the flexoelectric rectification of local charge transport in HoMnO3 thin films [2]. References: [1] S.
M. Yang, T. H. Kim, J.-G. Yoon, and T. W. Noh, Advanced Functional Materials 22, 2310 (2012).[2] D. Lee, S. M. Yang, J.-G.
Yoon, and T. W. Noh, Nano Letters 12, 6436 (2012).
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Coupled Metal-Insulator and Ferroic Transitions

KIM Yunseok
School of Advanced Materials Science and Engineering, Sungkyunkwan University.
Transition metal oxides are explored as a treasure trove of novel device-oriented electronic functionalities ranging from
interfacial electronic conductance and magnetoelectric coupling to superconductivity. Remarkably, materials used in physical
applications such as ferroelectric titanates are electrochemically similar to the typical memristive TiO2 and SrTiO3 (STO)
systems. These similarities naturally lead to question on what is the link between ferroic transitions and electrochemical
responses at the surfaces and interfaces on transition metal oxides. On the other hand, hysteretic metal-insulator transitions
(MIT) mediated by ionic dynamics or ferroic phase transitions underpin emergent applications for non-volatile memories and
logic devices. Multiple classes of MIT are intrinsically coupled to strain and therefore will be affected by mechanical stimulus.
In this presentation, I will present some examples of interplay between physical and ionic behavior in transition metal oxides, e.
g. ionically mediated hysteresis loop in TiO2 and STO and mechanically driven MIT in NiO, using scanning probe microscopy.

EP-03

Self-assembled Electronic Nose Based on Air-bridge-structured Junction Nanowire Arrays

BAIK J. M., PARK W. J., KIM M. H.1, KOO B. H.2, LEE J.-L.2
Ulsan National Institute of Science and Technology (UNIST). 1Ewha Womans University. 2Pohang University of Science and
Technology (POSTECH).
We reported the facile synthesis and characterization of air-bridge structure nanowire (CuO and ZnO) on a single substrate
produced by a chemical vapor deposition. In order to detect various kinds of gases, we process sensor array on a single substrate
such as CuO and CuO (p-type and p-type materials), ZnO and ZnO (n-type and n-type materials), and CuO and ZnO (p-type and
n-type materials). Our sensor showed higher selectivity compared with different types of sensors. High selectivity was attributed
to the additional modulation of the sensor resistance due to potential barrier at nanowire/nanowire junctions as well as the
surface depletion region of each nanowire. Since the catalytic processes occurring on the metal nanoparticles depend on the
identity of the metal, decorating the semiconducting nanowires with various metal nanoparticles in akin to functionalizing them
with chemically specific moieties. The sensor were tested for their ability to distinguish three gases (hydrogen, carbon
monoxide, and nitric dioxide), which they were able to do unequivocally when the data was classified using linear discriminant
analysis.
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Emerging Oxide Nanowires: Creation Concept andTheir Promises for Novel Nanoscale

Devices

YANAGIDA Takeshi, KAWAI Tomoji, PARK Bae Ho1
ISIR-Sanken, Osaka University, JAPAN. 1Department of Physics, Konkuk University.
Self-assembled one-dimensional “Nanowires” have attracted much attention due to not only the fundamental interests in
nanoscale-confided physical properties but also novel nano-device applications, where existing nanomaterials have not been
applicable. Although metal oxides exhibit their rich variety of physical properties including photo catalysts, ferroelectric,
ferromagnetic, high-Tc superconducting, memristive switching, which are hardly attainable to other materials, compared with
group VI and III-V compounds nanowires, the feasibility of functional oxide nanowires has been strongly limited due to the
absence of fabrication method for various transition metal oxide nanowires. Here we demonstrate i) “Creation Concept” for
well-defined oxide nanowires via vapor-liquid-solid (VLS) mechanisms, and ii) the memristive switching phenomena within a
single oxide nanowire down to 10 nm scale. We have succeeded to fabricate a well-defined single crystalline metal oxide
nanowire by controlling precisely formation environments. When comparing with MD simulations as to VLS growth, the
importance of material transport via the metal catalysts has been found. Especially, we have found that the difference between
LS interface and VS interface on the critical nucleation size essentially allows us to perform VLS nanowire growth. This
knowledge can be expanded to discover novel metal oxide nanowires via VLS mechanisms. Next, we have constructed highly
stable RS junctions comprised of Pt/single oxide nanowire /Pt. The nanowire memristor exhibited the endurance up to 108 by
utilizing self-assembled nanowires and well-defined nano-gap electrodes. In addition, information as to the memristive
switching including the carrier type for memristive switching and the spatial switching location, have been extracted by the
present nanowire memristor, which had been buried in conventional memristors. We believe that the presented approaches by
utilizing self-assembled oxide nanowire/metal junctions offer an important system and platform for investigating not only
nanoscale confined physical properties of transition metal oxides but also exploring exciting novel nano-devices with other
electric materials, which had not been possible.

EP-05

Carrier doping and external field control of phase transition in epitaxial VO2 thin films

SHIBUYA Keisuke
Correlated Electronics Group, National Institute of Advanced Industrial Science and Technology (AIST), JAPAN.
Among the transition metal oxides, vanadium dioxide (VO2) is of great interest due to the potential application of its prominent
properties. It exhibits a metal-insulator transition accompanied with a structural change from high temperature metallic to low
temperature insulating phases at around room temperature. Dimerization of V ions to form spin singlet state opens the gap in the
insulating form, which causes a sharp resistivity jump at the transition temperature. Therefore, numbers of studies have been
performed to realize switching devices operating at room temperature. The stability of the metal-insulator transition has been
examined against electron doping and quantum confinement. The metal-insulator transition temperature in epitaxial VO2 thin
films on TiO2 (001) substrates can be systematically reduced by electron doping, and eventually a metallic ground state is
realized. TiO2/VO2 superlattices were also fabricated and it was found out that the insulating state of VO2 is so robust that even
3 unit cells VO2 sample shows metal-insulator transition. The robust lattice-structural transition arises from the strong electronlattice interaction. These results indicate that the insulating phase is very robust but can be altered to metallic state by carrier
injection. It is necessary to vary the electronic states by external stimuli for device application such as switches and sensors. The
phase control of the bistable metal-insulator states has been demonstrated by electric-field, x-ray, and hydrostatic pressure. The
metallic ground state was realized by the external fields as well as by chemical carrier doping.
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Polar interfaces of superlattice thin films investigated by the second harmonic generation

LEE J. S.
Department of Physics and Photon Science, GIST.
Hetetrostructures of superlattice thin films can host various novel phenomena, such as superconductivity, half-metallicity,
interface magnetism, and so on. In particular, if the polar and ferromagnetic properties would meet to arise at the interface, it
may be able to endow dc and/or ac magneto-electric functions. In this talk, I discuss interface states of the superlattice thin films
investigated by the second harmonic generation technique which can probe the interface magnetism as well as the polar state
with a high sensitivity. In the first part, I will introduce above-room-temperature polar magnetic interface realized in the garnetbased tricolor superlattice. In the second part, I discuss the formation of such a polar magnetic interface in the bicolor
superlattice of manganese oxides.

EP-07

Carrier density modulation at LaAlO3/SrTiO3 (001) interface

BARK C.W., HAN J.Y.
Gachon University, Electrical Engineering.
Demonstration of a tunable conducting layer at the LAO/STO interfaces drew significant attention to the development of oxide
electronic structures where electronic confinement can be reduced to the nanometer range. Specifically, scanning probe
microscopy (SPM) studies allowed controllable change of interface conductivity at the nanoscale using the electrically biased
SPM probe. While the mechanisms for the conductivity modulation are quite different and include metal-insulator phase
transition and surface charge writing, in both cases it is implied that this effect is a result of electrical modification of the
LaAlO3 surface (either due to electrochemical dissociation of surface adsorbates or free charge deposition) leading to the
change in the two-dimensional electron gas (2DEG) density at the LaAlO3/SrTiO3 (LAO/STO) interface. Using a combination
of piezoresponse force microscopy (PFM) and electrostatic force microscopy (EFM) we demonstrate a switchable
electromechanical response of the LAO overlayer, which we attribute to the motion of oxygen vacancies through the LAO layer
thickness. These electrically-induced reversible changes in bulk stoichiometry of the LAO layer is a signature of a possible
alternative mechanism for nanoscale oxide 2DEG control on LAO/STO interfaces.
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Emergent Quantum Phenomena in SrTiO3 Heterostructures

KIM M., BELL
HIKITA Y.1, HWANG H. Y.2
Department of Physics & Astronomy and Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic
Science, Seoul National University & Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator
Laboratory, USA. 1Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator Laboratory,
USA. 2Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator Laboratory, USA & Geballe
Laboratory for Advanced Materials, Department of Applied Physics, Stanford University, USA.
Oxide heterostructures have recently emerged as a new playground for exploring novel physics in low dimensional systems.
Perhaps the most well known material is SrTiO3 (STO), not only as a building block of complex oxide heterostructures [1], but

also as a high-mobility d0-electron semiconductor, and a superconductor with the lowest known carrier density. Using thin-film
growth techniques, we have fabricated “delta-doped” STO structures that confine the superconducting Cooper pairs in 2D
without surface or interface scattering. Crucially, these samples simultaneously show quantum oscillations that demonstrate the
presence of 2D electron states [2]. More recently, we have found unconventional spin properties in these samples, revealed by
the robustness of the superconductivity to parallel magnetic fields [3]. Furthermore, by increasing the mobility, we can clearly
map out the transition of the electronic structure by dimensionality change from 2D to 3D, and approach the 2D clean regime
where 2D metallic and superconducting phases can coexist [4]. These results provide an ideal system to investigate quantum
phase transitions into a variety of ground states, and novel superconductivity in the 2D clean limit. [1] A. Ohtomo & H. Y.
Hwang, Nature 427, 423 (2006). [2] Y. Kozuka et al., Nature 462, 487 (2009). [3] M. Kim et al., Phys. Rev. B 86, 085121
(2012). [4] M. Kim et al., Phys. Rev. Lett. 107, 106801 (2011). * M. Kim, Department of Physics and Astronomy, Seoul
National University, 22-412, 1 Gwanak-ro, Gwanak-gu, Seoul 151-747, KOREA; minukim@snu.ac.kr; phone +82-2-883-1385;
fax +82-2-875-1222

P1-E001*

SERS-based Molecule detection scheme using 2-dimensional DNA nanostructure

LEE Junwye, KIM Myoungsoon1, DUGASANI Sreekantha Reddy, PARK Sung Ha, HUH Nam1
Sungkyunkwan Advanced Institute of Nanotechnology (SAINT) and Department of Physics. 1Samsung Advanced Institute of
Technology (SAIT).
The various application possibilities of detecting target materials make sensing technology becomes a great issue in different
disciplines such as biochemistry, medicine diagnosis etc. Additionally, nanotechnology which being established during recent
past several decades have provided revolutionary development on sensing performance; the target volume becomes as much as
small, whereas the sensitivity becomes as much as strong. As a well-known optical detecting technique, surface-enhanced
Raman scattering (SERS) is a surface-sensitive technique that using enhanced Raman signal through interaction between metal
and absorbed molecules on such surfaces. Since the enhancement factor can be reached to over 1010, the signal is strong enough
to detect molecule-scale target materials with high resolution. The SERS-active materials usually have geometrically
controllable nanostructure in which the analyte is localized between adjacent metal nanoparticles. Recent researches have
exploited deoxyribonucleic acid (DNA) as a useful molecular tool for organizing such nano-architectures due to its notable
programmability and structural plasticity. Even though extensive studies have been carried out in various research fields, their
formation in this system is still limited in sharp cylindrical structure. The DNA molecule provides further possible pathways to
apply it for new SERS-based detecting system. The selective binding affinity enables DNA molecules construct various shapes
of artificially designed architectures beyond 1- dimension to 2-, 3- dimension. Furthermore, DNA nanostructures maintain full
functional potential of which designed DNA strands go along with same modifying mechanisms on normal DNA molecules.
Once DNA nanostructures-based SERS technique is well established, it would provide a particular degree of freedom to
practical usage of SERS-based detecting system. In light of this, we present a SERS-based molecule detection strategy using a
DNA nanostructure.
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P1-E002*

Selective ion detection using glass nanopipette with poly(vinyl chloride) membrane based on
ion selective electrode method

KANG Eunji, TOMOHIDE Takami, SON Jongwan, DENG Xiaolong, TOMOJI Kawai, PARK Beaho
Division of Quantum Phases and Devices, Department of Physics, Konkuk University.
Ion-selective electrodes (ISEs) are one of the most frequently used sensors in the selective detection of targeted ions such as
sodium and potassium in aqueous solution. Based on the method, the studies of ISEs with plasticized poly(vinyl chloride)
(PVC) have already been reported.[1] On the other hand, we developed a method to detect specific ions with plasticized PVC in
the opposite way; filter method[2]. However, the filter with plasticized PVC cannot distinguish one kind of ions. In order to
solve this problem, we changed the method from filter to collector. In addition, as the size of the conventional ISE sensor is in
the order of millimeter, we developed a method to fabricate ISE membrane in nanopipette in order to apply our method to
observe biological materials such as cells.

P1-E003
,

:
1,

2

.

1

. 2KAIST,

.
.

(supplementation and drainage)
.
.
,
,
.

,
,

,

,

,
(supplementation)
. (drainage)

.

.
(1 x 10 mm, dia. x length)

m/s (drainage)
,
,

,
.

0.0 m/s (supplementation)

1.0

,

.

.
.

,
.

- 285 -

2013 봄 학술논문발표회 및 제89회 정기총회

P1-E004

2013.04.24-26, 대전컨벤션센터

Development of electrochemical DNA sensors based on functionalized graphen-graphene

oxide composites

1
TIAN Tian, LI Zhiqiang,
,
. 1
,
.
We have fabricated DNA sensors utilizing the aggregation of functionalized graphene-graphene oxide nanocomposite in
solution. Methylene Blue, which combines with single-stranded DNA, is used as an electrochemically active agent.
Electrochemical responses to the exact match, and singe- and all-base mismatches of target DNA were investigated through
cyclic voltammetry and differential pulse voltammetry. It is found that our devices can detect a single-nucleotide polymorphism
with a very high sensitivity. The mechanism for this DNA sensing is explained by pi-pi interaction of the single-stranded DNA
and graphene surfaces.
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SERS-based Molecule Detection Scheme using 2-D DNA Nanostructure

LEE Junwye, KIM Myungsoon1, NAM Huh1, PARK Sung Ha
Sungkyunkwan University, Sungkyunkwan Advanced Institute of Nanotechology (SAINT). 1Samsung, Samsung Advanced
Inatitute of Technology (SAIT).
The remarkable application possibilities of detecting target materials make sensing technology becomes a great issue in various
research fields. In addition, nanotechnology which being established during recent past several decades have provided great
development on their detecting performance; the target volume becomes as much as small, whereas the signal sensitivity
becomes as much as strong. As a well-known optical detecting technique, surface-enhanced Raman scattering (SERS) is a
surface-sensitive technique that using enhanced Raman signal through interaction between metal and absorbed molecules on
such surfaces. Since the enhancement factor can be reached to over 1010, the signal is strong enough for molecule detection with
high resolution.The SERS-active materials usually have geometrically controllable nano-architectures in which the analyte is
localized at the junction between adjacent metal nanoparticles. Recent researches have exploited deoxyribonucleic acid (DNA)
as a useful molecular tool for organizing such nano-architectures due to its notable programmability and structural plasticity.
Even though extensive studies have been carried out in different disciplines, their formation in this system is still limited in
sharp cylindrical structure. The DNA molecule, however, provide further possible pathways to apply it for new SERS-active
system. The highly selective binding mechanism following Watson-Crick’s complementary rule enables DNA molecules
construct various shapes of artificially designed architectures (DNA nanostructures) beyond 1- dimension to 2-, 3- dimension.
Furthermore, DNA nanostructures maintain full functional potential of which designed DNA strands go along with same
modifying mechanisms on normal DNA molecules. Once DNA nanostructures-based SERS technique is well established, it
would provide a particular degree of freedom to practical usage of SERS-based detecting system. In light of this, we present a
SERS-based molecule detection strategy using a DNA nanostructure.

P1-E007*

Negative refractive index induced by magnetic multi-plasmons in a flower-shaped

metamaterial
P. V. Tuong, J. W. Park, K. W. Kim1, J. Y. Rhee2, Y. P. Lee
Department of Physics, Hanyang University, Seoul,
Korea. 12Department of Information Display, Sunmoon University, Asan,
Korea. 2Department of Physics, Sungkyunkwan University, Suwon,
Korea.
We numerically and experimentally investigated the negative-refractiveindex effect which is induced by magnetic multi-plasmons in single
meta-atom” of flower-shaped-structure (FSS) metamaterial (Fig. 1). In
our effort to understand the electromagnetic properties of FSS, the third
resonance has been considered for a rather high frequency in GHz range
of electromagnetic wave. It is found that the negative refractive index
results from the overlap of the tail of electric gap and the magnetic
resonance at the third-order resonance. The effect is switched off by
adjusting the density of flowers. In addition, the negative-refractive-index
behavior is polarization-insensitive, resulting from its symmetric
geometry of the unit cell. Finally, the electromagnetic and the loss
properties of the metamaterials were clarified by analyzing the multiplasmonic resonance at the third-order gap. (Fig. 1. Unit cell with
geometric parameters of a flower structure.)
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Switchable single- and dual- band metamaterial perfect absorber

H. Y. Zheng, J. W. Park, J. Y. Rhee1, K. W. Kim2, Y. P. Lee
Department of Physics and Quantum Photonic Science Research Center, Hanyang University, Seoul 133-791, Republic of
Korea. 1Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea. 2Department of Information
Display, Sunmoon University, Asan, Choongnam 336-840, Republic of Korea.
It is generally appreciated that metamaterial perfect absorbers (MPAs) can be used in many fields of technology, such as solar
cell, thermal imaging and photodectors. Generally speaking, most MPAs are composed of a patterned metallic layer, a dielectric
substrate and a continuous metallic layer. The patterned and continuous metallic layers are used for minimizing reflection and
blocking transmission, respectively. Usually, dual-band MPAs are realized by generating two electric or magnetic resonances,
which make structure complicated. In order to simplify the structure we designed and fabricated a dual-band MPA based on
coupling of local LC and Fabry-Perot cavity resonances. The phenomenon can be explained by LC-resonance model and
hybridization model which is similar to that for molecular orbitals. Another improvement is the single and dual band absorption
can be switched by adjusting the distance between two metallic layers or the angle of incidence. The switchable single- and
dual-band MPA can be optimized to be insensitive to the polarization of incident electromagnetic wave.
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Observation of metal phase below Tc and temperature dependence of photocurrent in VO2

SEO Giwan, KIM Minjung1, KIM Bong-Jun2, LEE Yong Wook3, CHEONG Hyeonsik1, KIM Hyun-Tak
University of Science and Technology, ETRI. 1Department of Physics, Sogang University. 2Metal-Insulator Transition
Creative Research Center, ETRI. 3School of Electrical Engineering, Pukyong National University.
Vanadium dioxide (VO2) devices are a potential candidate for the application of the widely observed metal- insulator transition
in strongly correlated materials. Here, we investigate the temperature dependence of photocurrent in two-terminal device based
on VO2. Specially, the photocurrent between two electrodes through VO2 channel is increased due to the variation of schottky
barrier height. We also observed the nanosize metal region near conventional transition temperature of VO2 (~68 oC). However,
the metal region using Raman spectroscopy still remains in insulating phase (momoclinic) below the transition temperature,
indicating that Mott MIT of VO2.

P1-E011*

Measurement of Photon Detection Efficiency in the Spectral Wavelength and Bias Voltage
for Silicon Photomultiplier
,

1,

2,

2,

,

1

,
. 1
,
. 2
,
.
The photon detection efficiency(PDE) of silicon photomultiplier(SiPM) depends on spectral wavelength and bias voltage. We
measured precisely the PDE of silicon photomultiplier in the spectral range 400-800nm and at various bias voltage using photon
counting mode. In the photon counting mode, the dark count rate, crosstalk and afterpulse are reliably estimated. Our
experimental setup consists of a multi-wavelength LED, a monochromator, two 2-inch integrating spheres and a NIST
calibrated reference photodiode via optical fibers. The system of two integrating spheres controls incident light intensity on the
SiPM and reference photodiode. We present technical details of experimental setup and the result of measurement.
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Flexible GHz metamaterial absorber fabricated by ink-jet printing

J. W. Park, J. M. Kim, Y. J. Kim, J. H. Kang1, K. W. Kim2, Y. P. Lee
Department of Physics, Hanyang University, Seoul, Korea.. 1Dept. of Nano & Electronic Physics, Kookmin University, Seoul,
Korea.. 2Department of Information Display, Sunmoon University, Asan, Korea..
Ink-jet printing technology was applied to the fabrication of GHz metamaterial (MM) absorber. A patterned silver film was
fabricated by using an ink-jet printer with silver-paste ink, and it is confirmed that the film behaves as a good conductor in the
gigahertz frequency region. Silver patterns were deposited on one side and the other side was backed by a silver layer with the
same thickness. The flexibility is guaranteed with 250- um thickn polyimide substrate and 150- nm thick patterned silver paste.
In order to achieve dual-band properties, magnetic responses at two frequency bands are generated by fabricating two kinds of
metallic circular patches with different radii at specific positions. To examine the absorption behavior of sample, we
characterized the properties of MM by simulations and microwave measurements, and then these results were used to extract the
effective impedance. The absorption properties were measured in free space using a network analyzer connected to the
microwave standard-gain horn antennas. Computer Simulation Technology Microwave StudioTM was employed for the
numerical simulations. Our study shows that the ink-jet printing is a viable route for producing MM absorber, allowing for rapid
processing and flexibility in the choice of substrate.

P1-E013*

Effect of Interface Recombination on In(S,O,OH) Buffer Adopted CIGS Solar Cell

1,
1
, KHADAK Dhruba,
,
. 1
.
In(S,O,OH) was applied to Cu(In,Ga)Se2 (CIGS) solar cell as a buffer layer, which was made by chemical bath deposition
(CBD). CIGS absorber layer made by thermal co-evaporation was used, but it had increased defect states due to long exposure
to air ambient. The cell efficiency was found to depend on the CBD condition of In(S,O,OH) buffer layer. When the
concentration of sulfur-chemical was higher in the CBD solution, the fabricated cell showed higher conversion efficiency. It
was found that the higher efficiency exhibited lower interface recombination and related defects, which was confirmed by
quantum efficiency (QE), capacitance-voltage (C-V), and open-circuit-voltage-vs.-temperature(Voc-T) measurements. We will
discuss interface recombination and cell efficiency, which is determined by buffer fabrication.
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Simulation Studies of Patterned Crystalline Si Nanostructures for Efficient Light Trapping

,

,
,
,
.
Recently, many researchers have intensively developed to realize high-efficiency and low-cost photovoltaic devices toward the
ultrathin Si absorber-based solar cells. In addition to the conventional anti-reflection coating and surface texturing techniques,
patterned nanostructures have emerged as alternative light trapping structures. Through numerous attempts to design optimal
patterned structures, the patterned structures exhibit omni-directional and enhanced optical absorption, compared with the planar
counterparts. In this study, we have investigated optical characteristics of crystalline Si nanostructures using finite-difference
time-domain (FDTD) simulations (Lumerical FDTD Solutions). The calculated field distribution clearly reveals the patterns
enhance the optical field with the help of the antireflection effect and resonant mode formation. Thus, the nanostructures are
expected to have significantly reduced optical reflectance and enhanced photovoltaic performance.

P1-E015*

The Interface Studies of ITO/CuI/NPB and ITO/CuI/Alq3 by Measuring Photoemission

Spectroscopy

PARK SOOHYUNG, LEE Hyunbok, JEONG junkyeong, YI yeonjin
Institute of Physics and Applied Physics, Yonsei University.
Organic devices have been highly attracted for the last decade due to their promising advantages. To achieve high performance
device, particular methods have been proposed. One of the significant enhancement method is the insertion of functional
interlayer.Recently, copper iodide (CuI) has been adopted to reduce the hole injection barrier in organic devices and it showed
practical improvements in device performance. The origin of this improvement has been considered as CuI reduces the hole
injection barrier and assists to form crystalline organic layer on it. These are due to high work function of CuI and the strong
interaction between molecule and CuI, respectively. However, detailed CuI/organic interface has not been understood clearly
yet. We investigated ITO/CuI/N,N′-diphenyl-N,N′-bis (1-naphthyl)-1,1′-biphenyl-4,4′-diamine (NPB) and ITO/CuI/tris (8hydroxyquinolinato) aluminium (Alq3), which is representative p- and n-type organic semiconductor. In situ ultraviolet
photoelectron spectroscopy, X-ray diffraction and atomic force microscope measurements were carried out to analyze the
electronic structures and structural properties of the system, respectively.
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Cr2O3 nanoparticles as addivites for improving polymer solar cells

1
LIU Zhihai,
,
,
. 1
,
.
We embedded Cr2O3 nanoparticles into the active layers and improved power conversion efficiencies of P3HT/PC60BM and
PCDTBT/PC70BM bulk-heterojunction solar cells by 15.9% and 22.8%, respectively. Enhancements in the bulk-heterojunction
morphologies and in electron mobility were obtained, accounting for the increase of the short-circuit currents. The fill factors
were improved due to the decreased series resistances and the increased shunt resistances. Our results indicate that the doping of
Cr2O3 nanoparticles is a simple and efficient technique for improving performances of bulk-heterojunction solar cells.
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Optical transmission through DNA monolayers on side-polished optical fiber
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P1-E019

Effect of photocrosslinkable polymer thin film as the hole extraction layer on the enhanced
fill factor for organic bulk-heterojunction solar cells characterized by transient photovoltage and impedance
spectroscopy
,

.
We demonstrate effects of photocrosslinkable P3HT-Br interlayer as a hole extraction layer on the P3HT:PCBM bulkheterojunction (BHJ) solar cell. Compared with the conventional P3HT:PCBM device, the device with P3HT-Br interlayer
shows high power conversion efficiency (PCE) from 3.6 % to 4.0 %. Especially, fill factor (FF) is much improved over 70 %.
The reason for the enhanced performance was characterized by space-charge limited current measurements, transient
photovoltage measurements and impedance spectroscopy. The improvement of PCE was explained by high charge-carrier
mobility and longer charge carrier lifetime for low bimolecular recombination rate.
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Molecular Layer Deposition of Metal-Organic Hybrid Laminate Films

YOO Jung-woo, JO Jun-hyeon, JIN Mi-jin, MODEPALL Vijayakumar, PARK Jung-min
.
Developing magnetic thin films with desirable physical properties is a key step to promote research in spintronics. Organicbased magnet is relatively new class of materials that exhibits magnetic properties at the macroscopic and/or molecular level.
These materials are often constructed by the coordination between metal and organic species producing relatively high transition
temperature. In this study, we extended molecular layer deposition to develop new hybrid laminate film that is composed of
alternating atomic and molecular layer. Figure below shows our scheme to develop hybrid laminate film. Mn(CO)6 and Fe(CO)6
will be use as a metal precusors and tetracyanoethylene(TCNE) is employed to coordinate with metal ions. Growing metalorganic hybrid films via A/MLD need detailed control in temperature, pressure, and etc, and need to find optimal condition for
each parameters. The in-situ quartz crystal monitor(QCM) was employed to monitor proper chemical reaction and to find
optimal condition for the films deposition. The XPS and FT-IR data shows coordination between metallic ions and lone pairs in
cyanide. With varying composition of Mn and Fe, the magnetic properties of MnxFe1-x(TCNE) hybrid laminate films are
presented.

P1-E023
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,
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,
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,
.
AC-driven organic light emission devices (OLEDs) were fabricated with an inclusion of carbon nanotubes (CNTs) into an
emitting layer. The fabrication process for the OLED is as follows. A dielectric layer (cyanoethyl pullulan, CR-S)) was spincoated on an indum thin oxide (ITO) coated glass substrate, an organic emitting layer (poly[2-methoxy-5-(2-ethyl-hexyloxy)1,4-phenylene-vinylene], MEH-PPV) was subsequently spin-coated on the layer, and finally an aluminum electrode was
deposited by using thermal evaporation. The characteristics of OLEDs were measured by varying the weight percent of CNTs.
The OLEDs with inclusion of CNT were found to be more high luminance efficiency. This high efficiency was expected due to
controlling of the electrical properties of CNTs, which was originated from the percolation of CNT network formation. CNTs
will be a key material to enhance the efficiency of the OLEDs.
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Study of Electric Field Distribution in ITO/PI/TIPS-pentacene/Au diodes by Time-Resolved
Optical Second Harmonic Generation Measurement

BAE Jaeyoon, TAGUCHI Dai1, IWAMOTO Mitsumasa1, LIM Eunju
Dankook University, Department of Applied Physics. 1Tokyo Institute of Technology, Department of Physical Electronics.
Since the discovery of conducting organic materials, much attention has been paid to organic electronics devices by using lowcost, simple, and low-temperature fabrication process, and many organic thin film devices have been proposed. However,
understanding of these devices performance is still not sufficient for the use of these devices in electronics. The carrier behavior
in these devices is rather different from that in Si-based semiconductor devices, because of dielectric nature of the active layers
of these devices, mostly originated from low intrinsic carrier density. As a result most of organic device function as carrier
injection type devices. Hence, in order to study carrier behavior in injection-type organic devices, we need to employ
approaches that are different from so-called semiconductor physics approach. Direct probing of electric field distribution in the
active layer in these devices with time is effective for studying the device performance in terms of carrier behaviors. In this
presentation, by using time-resolved electric field induced optical second harmonic generation (TR-EFISHG) measurement, we
studied the electric field distribution change induced in ITO/PI/TIPS-pentacene/Au diodes by carrier injection. Upon application
of a step voltage to the diodes, the electric field change across the TIPS-pentacene layer was measured. Significant electric field
distribution change was suggested due to the carrier injection, and a simple model that accounts for the I-V characteristics of the
diodes was proposed, on the basis of the Maxwell-Wagner model analysis. The TR-EFISHG measurement is very helpful for
studying the device performance in terms of carrier injection.

P2-E027

Effect of self-assembled monolayer on charge and spin transport in graphene

YOO Jung-Woo, PARK Jungmin, JIN Mi-Jin, MODEPALLI Vijayakumar, JO Jun-Hyeon
,
.
Spintronics have received growing attention in recent years since it is a strong candidate for the next generation of electronics
that overcome the limitations of current Si-based electronics in data storage and processing. The research in spintronics mainly
involves the creation, manipulation, detection of spin currents in addition to charge current to extend the capability of current
electronic devices.Meanwhile, graphene, a single layer of carbon atoms arranged in a honeycomb lattice, is a zero band gap
semiconductor that can be considered as an ultimate two dimensional (2D) electron system. Especially, its remarkable transport
properties make it as a prominent candidate for future micro- and nano-electronic applications that can replace the current Sibased technologies. But when graphene is applied in transistors as a channel, the mobility of charge carriers degrades
significantly due to extrinsic scattering with charged impurities at the interface of graphene/dielectric. In this study, we
investigated the effect of self-assembled monolayer (SAM) on the charge and spin transport (Dirac point, charge mobility and
spin relaxation) in graphene using 4-terminal non-local measurement. Hexatriacotane(HTC) SAM layer was employed to
neutralize the charging effect of SiO2 surface on graphene.
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Kishi, T. et al. IEDM Tech. Dig. 309 (2008)[2] Mizunuma, K. et al. APL. 95, 232516 (2009)[3] S.Ikeda. et al. Nat. Mater. 9,
721 (2010)

P2-E029

Implementation of Linear Field Sensor using STT-MTJ

KIM Sang-Il, LEE Kyung-Jin1, PARK Seung-Young
Korea Basic Science Institute, Division of Materials Science. 1Korea
University, Department of Materials Science and Engineering.
The conventionally MR devices such as Giant magnetoresistance (GMR),
Tunnel magnetoresistance (TMR) and spin transfer torque-magnetic
tunnel junction (STT-MTJ) for memory (Magnetic Random Access
Memory) can be shown character of a distinct bistable state for 0 and 1.
There exist some crucial problems, when developing field sensor by using
the MR devices, it has to be developed new structure and fabrication
process to show the character of linear output [1-3]. However, in case of
STT-MTJ, it does not need to change the structure or the process but the
operating method modification can achieve to fulfill a condition of linear
output. In this study, the linear field sensor by using STT-MTJ is
MTJ
of
the
composition
successfully
implemented.
We
studied
a
MgO-based
PtMn/Co90Fe10/Ru/Co40Fe40B20/MgO/Co20Fe60B20 [4]. The STT-MTJ devices have no linear feature and hysteretic, more
likely step function depending on the magnetic field. So it is not appropriate for the magnetic sensor. To solve these problems,
bipolar pulse is applied and linear output voltage can be successfully obtained at 600 mV (bipolar pulse voltage), as shown in
Fig. 1. A possible origin of the dependence of a bipolar pulse response in STT-MTJ device will be discussed in detail. [1] J. K.
Spong et al., IEEE Trans. Magn., 32, 366 (1996) [2] Z. Lu et al., IEEE Trans. Magn., 36, 2899 (2000) [3] J. Daughton., Proc.
IEEE 91, 681 (2003) [4] S. -C. Oh et al., Nature. Phys., 5, 898 (2009)
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Role of Metal Catalyst for Growth of High-Quality Graphene Films

YANG Jae Hoon, JANG A-Rang, KANG Dae Joon
BK21 Physics Research Division, Department of Energy Science, Institute of Basic Science, SKKU Advanced Institute of
Nanotechnology, Sungkyunkwan University, Republic of Korea.
The selection of appropriate metal catalysts for growing graphene films has been considered as one of the key parameters in
CVD method. Of them, Cu has attracted a particular attention, since wafer-scale graphene films can be easily grown with
relatively uniform thickness. However, the weak interaction between graphene and copper induces multiple graphene-domains.
Hence, nickel is still considered as an optimum catalyst if multi-layer graphene could be resolved. Herein, we report the growth
of ultra-uniform graphene by exploring a novel bi-metallic catalyst system consisting of nickel (Ni) thin film as an active
catalyst for carbon source decomposition and of tungsten (W) thin film as a supporting catalyst for trapping the diffused carbons
while forming stable metal carbides. We attempted to understand the growth mechanism by using X-ray diffraction (XRD) and
transmission electron microscopy (TEM). The as-grown graphene was further characterized by optical microscopy, Raman
spectroscopy and atomic microscopy (AFM) for evaluating the thickness, quality and uniformity of graphene. We believed that
this technique is powerful in understanding the detailed growth mechanism for uniform graphene where the highest quality
graphene is required.

P2-E031*

Flexible Nanogenerator Based on ZnO Nanoflakes With Ultra-high Output Voltage

NGOC Huyng Van, KANG Dae Joon
BK 21 Physics Research Division, Department of Energy Science, Institute of Basic Sciences, SKKU Advanced Institute of
Nanotechnology, Sungkyunkwan University, Suwon 440-746, Korea..
Nanogenerator based on ZnO nanoflakes is successfully fabricated by using a facile room temperature synthetic method. We
developed a novel ZnO nanoflake structure for high power output nanogenerator having a short-circuit current density of 16
μA/cm2 and ultra-high peak to peak open-circuit voltage of 120 V which is three times higher than any other literature values
reported on ZnO nanowires based nanogenerators. We believe that, with the thickness of ZnO nanoflake less than 10 nm, a high
surface area and surface piezoelectricity may have contributed greatly to this extraordinary high output voltage performance.
The output electricity may be used to instantaneously power a commercial light emitting diode without energy storage process.
We demonstrated that ZnO nanoflakes can be grown on arbitrary substrates including a textile substrate and can be exploited
not only for high power nanogenerator but also for other flexible electronic device applications. We will address its origin of
such great enhancement and discuss its potentially viable applications.
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P2-E032*

Nickel Cobalt Hydroxide Supported by Ultrathin ZnO Nanoflake Array Grown on Textile
Fiber Substrates for High Performance Wearable Energy Storage Devices

TRANG Nguyen Thi Hong, NGOC Huynh Van, KANG Dae Joon
BK 21 Physics Research Division, Institute of Basic Sciences, SKKU Advanced Institute of Nanotechnology, Department of
Energy Science, Sungkyunkwan University, Suwon 440-746, Korea.
Rational design of active electrode materials for pseudocapacitive devices is of necessity in realizing high performance energy
storage devices. Herein, we report a facile solution-based method for the direct growth of ZnO/Ni(OH)2-Co(OH)2 hybrid
nanoflake arrays on textile substrates. The electrode shows a typical pseudocapacitive behavior and a large specific capacitance
(1624 F/g) at a high charge/discharge rate (10 A/g), while retaining ~ 94% of the capacitance at a rate of 40 A/g after 2000
cycles. Furthermore, the electrode possesses high energy density of 68.23 Wh/kg at a power density of 2.75 kW/kg, and 48.32
Wh/kg at a power density of 27.53 kW/kg. We believe that, such a great improvement in specific capacity, rate capability,
energy density as well as cycling stability is ascribed to the combination of ordered ultrathin nanoflake ZnO core that provides
a high surface area facilitating electron/ion transport and stress relaxation with the Ni(OH)2-Co(OH)2 nanoporous shell
enhancing the kinetics of redox reactions and stabilizing a whole structure during charge/discharge cycling. Such electrodes on
stretchable textile substrates can exploit an ample space which is otherwise, inaccessible to the conventional rigid and bulky
electrodes. Our results could open up new opportunities in developing high-performance wearable energy storage devices.

P2-E033*

Spatial Mapping of Photovoltage at the Interface between Graphene and TiO2

JANG A-Rang, KIM Kwang Woo1, YOON Seong-In1, SHIN Hyeon Suk1, KANG Dae Joon
BK 21 Physics Research Division, Department of Energy Science, Institute of Basic Science, SKKU Advanced Institute of
Nanotechnology, Sungkyunkwan University, Suwon, 440-746 Korea. 1Interdisciplinary School of Green Energy, Ulsan
National Institute of Science and Technology, Ulsan, 689-798 Korea.
Graphene has recently gained tremendous interest as one of the promising optoelectronic materials due to its high-speed and
broadband absorption, and high carrier mobility. However, the low efficiency of graphene-based photodetectors has limited its
further development. Herein, we studied the efficiency of the photovoltage generation and collection at the interface between
graphene and TiO2. We observed a strong photovoltage response at the interface where a p-n junction is formed. We
investigated a spatial mapping of photovoltage generation and collection both in graphene and in graphene-TiO2 heterostructure
and compared its efficiency. This result may provide us with a better understanding of a photovoltage generation at the interface
between graphene and semiconductors, presenting a great opportunity for developing highly efficient graphene based
photodetectors.
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P2-E034

Structural and optical properties of ZnO nanorods by the growth temperature
1,
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P2-E035

Photocatalytic Performance of Boron Implanted GO/TiO2-B Thin Film
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P2-E037*
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[3]. [1] K. J. Lee, S. M. Choo, J. B. Yoon, K. M. Song, Y. Saiga, C.-Y. You, N.Hur, S. I. Lee, T. Takabatake,
and M. H. Jung, J. Appl. Phys. 107, 09C306 (2010).[2] K. J. Lee, S. M. Choo, Y. Saiga, T. Takabatake, and M.-H. Jung, J.
Appl.Phys. 109, 07C316 (2011).[3] S. M. Choo, K. J. Lee, S. M. Park, G. S. Park, and M. H. Jung, J. Appl. Phys. 113, 014904
(2013)
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P2-E038*

Atomic Force Microscopy Studies of Charge Transport Properties of Strained and Indented
Topological Insulator

HWANG Jin Heui, KWON Sangku, KIM Jun sung1, PARK Jeong Young
KAIST, EEWS Graduate School. 1POSTECH, Department of Physics.
Topological insulators are predicted to exhibit novel charge transport properties on surfaces. In this study, by measuring the
current on Bi2Te2Se surface with conductive probe atomic force microscopy in ultra-high vacuum, electrical properties under
mechanical stress was investigated. The current density was measured as a function of the applied pressure, which indicates the
importance of surface conductance. The variation of current density was explained in light of the combined effect of Coulomb
interaction and spin-orbit coupling that was theoretically predicted. We suppose that the local density of states has been
modified by tip-induced strain but topological phase still remains. We found that the surface can be indented by applying the
high pressure. The surface conductance on the indented Bi2Te2Se surface was studied, and the role of surface oxide on the
surface conductance is discussed.

P2-E039

Resistive switching in the multilayer of ZnO and SnO2

JUNG Ranju, CHOI Jinsung, SONG Hyeon cheol, KIM Yunki
Kwangwoon Univ..
ZTO( Zinc-Tin-Oxide) is a transparent semiconductor, which is a promising candidate for display device. We prepared the
multilayer composed of ZnO and SnO2 by Pulsed Laser Deposition and investiged its resistance switching as a memristor.
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Effect of Structure-directing Agent Concentration on The Synthesise of Pt Nanoparticles.

YUN Jong Won, KIM Soon Wook, KIM Hong Ki, YOON Young Min, LEE Ji Eun, KWON Min Chul1, KIM Hyun Seung1,
YOO Dae Hwang, HAHN Sung Hong
,
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P2-E041*

Effects of MWCNT’s Concentration in MWCNT-PbTiO3 Nanocomposites on Electrical and
Optical Properties
,

,
,
,
.
In recent years, the ferroelectric films have been extensively studied due to their potential applications for non-volatile random
access memory (NV-RAM) and photovoltaic devices. However, there are limited use of perovskite type ferroelectric material
because of its relatively large band gap (~3.5 eV) and low photovoltaic efficiency (~0.005%). For this reason, the multi-walled
carbon nanotubes (MWNCT) are expected as an addition incorporated into ferroelectric materials due to its remarkable physical
properties and low band gap to enhance the photovoltaic efficiency. We synthesized MWCNT-PbTiO3 nanocomposites (CPNCs) by using sol-gel process and investigated the concentration effects of MWCNT in thin films. The PbTiO3 sol-gel solution

with MWCNT was deposited onto glass substrate by spin-coating with 3000 rpm for 60 s and then they annealed at 600 oC in
O2. We analyzed electrical and optical properties of CP-NCs using by TF analyzer (aixACT/TF analyzer 2000), FT-IR,
sourcemeter (Keithley 2420). Photocurrent (JSC) of PTO with thickness of ~200 nm is measured to 0.136 mA/cm2 and
efficiency (η) is calculated to about 0.0171 which is similar with typical ferroelectric device (JSC = 0.040 mA/cm2, η = 0.0080).
The electrical and optical properties as a function of the ratio of MWCNT in CP-NCs will be discussed.
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Analysis of a Spun-CNT Based X-ray Source

KIM Hyun Suk, EDWARD JOSEPH D. Castro, HWANG Yong Gyoo, LEE Choong Hun
Wonkwang University.
Carbon nanotubes (CNTs) are known to be excellent electron field emitters. Its application for x-ray source imaging has been
widely recognized. One of the main concerns in improving the quality of x-ray images is on the production of a small focal spot
size. This focal spot size is affected by various parameters within the CNT based x-ray radiation source structure duly affected
by geometrical parameters. This geometrical parameter includes among others the gaps between the parts of the field emission
structure, the thickness of each material, the shape of each material and the geometrical dimensions of each part. In this study, a
concave mesh model was utilized as part of the x-ray tube design. Computer simulation using electromagnetic software and an
experimental observation showed that a better focal spot size was produced compared to the conventional grid arrangement.

P2-E043
,
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The Effect Of HCl Etching Agent On The Synthesis Of Ag Nanocube
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, DOAN Van Thuan,
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P2-E044

Room temperature synthesis of nanoporous anatase and anatase/brookite TiO2
photocatalysts with high photocatalytic performance

LEE Hyun Uk, SON Byoungchul1, SEO Jung Hye, KIM Hyeran, YUN Hyung Joong, JEON Cheolho, KIM Hae Jin, LEE
Jouhahn1
Division of Materials Science, Korea Basic Science Institute. 1Jeonju Center, Korea Basic Science Institute.
In this study, nanoporous TiO2 photocatalysts with high crystallinity and large surface areas (213.6-586.4 m2/g) [CnTiO2-m]
were synthesized at room temperature by sol-gel processing and ultrasound irradiation. A cationic surfactant [CH3(CH2)nN
(CH3)3Br; CnTAB] and tetra-n-butyl titanate (TBOT) were used as the surfactant and titanium precursor, respectively. The
prepared CnTiO2-m (m: ultrasound irradiation time, min) samples were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR) and
Brunauer-Emmett-Teller (BET) surface areas analysis. The photocatalytic activity was evaluated by the photocatalytic oxidation
of the azo dyes reactive black 5 (RB 5) and rhodamine B (Rho B) in air. The fastest degradation rate ([k]) was 2.603 h-1
(C11TiO2-40), which was 3.3 times faster than that of P25 ([k] = 0.791 h-1) and 5.5 times faster than that of TiO2-5 nm ([k] =
0.471 h-1). The high photocatalytic activity of CnTiO2-m is attributed to its large surface area, well-crystallized anatase and
anatase/brookite nanostructure. The recycling of the photocatalytic activity of the C11TiO2-40 was found to be high and the
decolorization rate after fifteen cycles was 93.1% of the initial value. These results indicate that CnTiO2-m have great potential
for use as a photocatalyst.

P2-E046*

Formation of large area MoS2 monolayer via a simple sulfurization process

HWANG Jae Seok, JANG A-Rang, KANG Dae Joon
BK21 Physics Research Division, Department of Energy Science, Institute of Basic Science, SKKU Advanced Institute of
Nanotechnology, Sungkyunkwan University, Korea.
In this work, we report a facile synthetic route for a large area molybdenum disulfide (MoS2) monolayer. It is known that
MoS2 on SiO2/Si substrate exhibits weak and broader photoluminescence (PL) spectra with bigger stoke shifts limiting a clear
determination of its PL characteristics when it has less than a few layers. However, PL absorption can be enhanced by
employing BN substrate possibly due to its polarization effects. We confirmed the formation of monolayer from its enhanced
PL absorption spectra based on the differential reflectance of MoS2 samples on BN substrate. Such enhancement in
photoelectric properties was further verified using X-ray diffraction (XRD) and Raman spectroscopy. Our results suggested that
a simple sulfurization process can be exploited to obtain a large area MoS2 monolayer. This may open up a great opportunity for
the exploration of novel photoelectric devices.
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P2-E047*

Hierarchical Growth of Selective ZnO Nanowires on Seed PatternReplicated By Using
Electrohydrodynamic Lithography

LEE Suok, JUNG Sang Hee1, MOON Choon Man, LEE Jae Jong1, KANG Dae Joon
BK 21 Physics Research Division, Department of Energy Science, Institute of Basic Sciences, Suwon 440-746,
Korea. 1Nanomechanical Systems Research Division, KIMM, Daejeon 171, Korea.
Selective growth of functional nanostructures has been extensively studied for many years. However, difficulty in obtaining
controllable growth of nanostructures has limited its widespread applications. Electrohydrodynamic lithography (EHL), a
straightforward pattern replication technique utilizing instability of resist film when applying external electric field, has gained
its reputation as one of alternative lithographic methods for nanoscale pattern transfer over a large area with great fidelity using
various functional materials such as ZnO, TiO2, and Fe3O4 as a resist. Of them, ZnO is considered as a promising optoelectronic
material due to its direct band gap (3.3 eV) and high exiton binding energy (65 meV). We obtained hierarchical ZnO
nanostructures by using EHL in combination with chemical vapor deposition (CVD) method. ZnO seed layer was patterned
through a replication process using Zn n-butoxide precursor resist by using EHL technique. ZnO nanowires are selectively
grown from a patterned seed layer by CVD method. With this method, it is possible to control the size and the position of ZnO
nanowires. Furthermore, optical and electrical properties can be tuned by controlling the concentration of resist solution and
growth conditions. Scanning electron microscopy (SEM) and photoluminescence (PL) were used for analyzing characteristics of
hierarchical ZnO nanowires.

P2-E048*

Understanding Structural Phase Transition in Strain-Induced VO2 Nanowires using Raman
Spectra and Electrostatic Force Microscopy

YANG Hyoung Woo, KIM Soo In1, YANG Jae Hoon, LEE Chang Woo1, KANG Dae Joon
BK 21 Physics Research Division, Department of Energy Science, Institute of Basic Science, Sungkyunkwan University, Suwon
440-746, Korea. 1Department of Nano & Electronic Physics, Kookmin University, Korea.
We demonstrate that the strain in naturally bent VO2 nanowires may have a strong influence on the evolution and thermal
stability of metastable M2 phase as well as on the spatial distribution of insulating and metallic domains during metal insulator
transition by using Raman spectroscopy and electrostatic force microscopy (EFM). We found that the strain induced in naturally
bent VO2 nanowires during the growth affects greatly the thermal stability of M2 phase at room temperature, which is indicated
by an evident up-shift of phonon modes from 615cm-1(M1) to 640cm-1(M2). Furthermore, we employed the EFM to visualize
the phase distribution by mapping out the surface potential difference originated in M1 and M2 phases distribution associated
with strain. The result indicated clearly that the phase distribution is consistent with the strain distribution showing that the
metal insulator transition in VO2 nanowires can be strongly affected by subtle interplay between the strain and domain
dynamics. We discuss the origin of this effect and address the possibility of obtaining phase controlled VO2 nanowires for
practical applications.
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P2-E049

Magnetoresistance of a New Copolymer: FeCl3 Doped Poly(2,5-dioctyloxy-p-phenylene
vinylene-alt-3,4-ethylenedioxythienylene vinylene)

KIM Kyung Ho, PARK Jun-Mo1, CHOI Ajeong2, HONG Sung Ju, PARK Min, CHOI Tae-Lim1, PARK Yung Woo
Seoul National University, Department of Physics and Astronomy. 1Seoul National University, Department of
Chemistry. 2Korea University, WCU Flexible Nanosystems.
Despite intensive investigations on magnetoresistance (MR) of variable range hopping conduction (VRHC) in conducting
polymers, MR is still not well understood especially when the system approaches critical regime where quantum interferences
of localized wavefunctions can take place. We investigated MR of a new conducting polymer, a FeCl3 doped alternating
copolymer film in which ethylenedioxythiophene (EDOT) and phenylene are alternatively linked by vinylene unit (PPVEdotV).
MR showed crossover from negative to positive at low temperatures. The temperature dependence of conductivity of the FeCl3
doped film followed characteristics of Coulomb gap (CG) VRHC. The negative MR is explained by interferences in VRHC and
the positive MR is understood by shrinkage of wavefunction at high magnetic fields.

P2-E050*
,

P-type doping of graphene films by hybridization with nickel nanoparticles
1,

,

,

,

,
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1,

1,

3
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. 3
,
.
We demonstrate the decoration of Ni nanoparticles (NPs) on graphene films by simple annealing for p-type doping of
graphene. Scanning electron microscopy and atomic force microscopy revealed that high-density, uniformly sized Ni NPs were
formed on the graphene films. The density of the Ni NPs increased gradually, whereas the sized of the Ni NPs decreased with
increasing NiCl2·6H2O solution concentration. The formation of Ni NPs on graphene films was explained by heat-driven
dechlorination and subsequent nano-particlization, as investigated by X-ray photoelectron spectroscopy. The doping effect of Ni
NPs onto graphene films was verified by Raman spectroscopy and electrical transport measurements. This method may provide
a facile and universial way for obtaining metal NPs on graphene if the metal forms a compound with Cl.
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Proton conduction in KH2PO4 modified by high-energy proton irradiation

CHANG EUNHYE, KWEON Jin Jung, LEE Cheol Eui
.
We have studied the electrical conductivity in KH2PO4 (KDP) single crystals modified by high-energy proton irradiation of
6.67, 10, and 19 MeV. Temperature-dependent electrical conductivity and high-resolution nuclear magnetic resonance (NMR)
measurements were carried out on the KDP systems. It is shown in this work that the electrical conductivity may increase by
several orders of magnitude with the properly chosen doses and irradiation energies. The enhancement in the proton
conductivity is associated with the change in the local structure and the hydrogen-ion defects in the proton irradiated KDP
systems.
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Dual-Modal Waveguiding of Luminescence and Raman Signals using Organic Crystalline
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1,
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. 1Materials Science and Engineering, Macromolecular Science and Engineering, University of
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P2-E055
,

2013.04.24-26, 대전컨벤션센터

Direct Pattering Growth of Graphene Meshes by Using Silica Sphere.

,
,
.
Since the success of single-layer graphene exfoliation from graphite, the big issue in field of electric device has moved to
efficient use of graphene as a basic building block. However, several challenges, associated with its one-atom thick nature as
well as its intrinsic semi-metallic or zero-bandgap property, still remain for practical electronic device applications of graphene.
Patterning of graphene is one of the essential issues since it is an indispensable step in device fabrication. Existing methods for
patterning graphene are mainly based on lithography processes, which include photo- and electron beam lithography, blockcopolymer lithography, and nanosphere lithography. These lithographical approaches enable the rational design of high-quality
graphene patterns, but they thereafter undergo etching step. The etching process essentially involves the contamination by
residual polymer resists and the disordered arrangement of carbon atoms at the etched edges, significantly degrading the
electrical properties of graphene. Here, we describe a new method for direct patterned synthesis of graphene meshes on Cu foils
with the use of self-assembled silica sphere array as a growth mask. The structural analyses based on electron microscopy and
Raman spectroscopy showed that the graphene meshes are made up of mostly single-layer or double-layer necks and very clean
and empty holes with abrupt edge.

P2-E056

,

In-situ XAFS study of structural properties in catalyst Pt nanoparticles on various supports

EUN-SUK Jeong, CHING-IN Park, ZHENLAN Jin, S.-W. Han, M.-Y. Kim1, J.-S. Choi1
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju, 561-756, Korea.. 1Oak
Ridge National Laboratory, Fuels, Engines and Emissions Research Center, 2360 Cherahala Boulevard, Knoxville, TN 379321563, USA.
We investigated the local structural properties of Pt nanoparticles on Ti- and Si-based supports at the Pt L3 and Ti K edges using
in-situ x-ray absorption fine structure (XAFS) measurements in the temperature range of 300 – 700 K under H2 and O2
environments. Platinum catalyst have had a considerable attraction from academic societies and industries as ideal catalysts to
remove toxic gases such as hydrocarbon(HC), carbon oxide(CO) and NOx exhausted by automotive gasoline and diesel engines.
The silica has various advantages like chemical stability, easy processing and high thermal stability as a supporter for platinum
but the platinum on silica easily is clustered at high temperature. To complement a defect as supporter, titanium dioxide (TiO2)
incorporated with silica. The XAFS showed oxygen atoms on Pt nanoparticles on Ti-supports whereas oxygen atoms on Pt
nanoparticles on Si supports disappeared in H2 gas at room temperature. We will discuss the role of Ti-supports in the
dispersion of Pt nanoparticles, comparing to structural property changes around Ti ions in the supports.

- 311 -

2013 봄 학술논문발표회 및 제89회 정기총회

P3-E057
,

CaWO4:Er3+/Yb3+
,

,
.

CaWO4:Er3+/Yb3+
.

1

,

1

2013.04.24-26, 대전컨벤션센터

CaMoO4:Er3+/Yb3+
1

1

,

Li+

Upconversion

,

.

CaMoO4:Er3+/Yb3+
upconversion
Li+

upconversion
CaWO4 CaMoO4
975 nm
2H11/2→4I15/2, 552nm : 4S3/2→4I15/2)
CaWO4:Er3+/Yb3+
UC
, Li+
Er3+
4S3/2
UC

+3
.
5 % Er3+ 10 % Yb3+
.
(0, 7.5, 15, 22.5, 30 %)
Li+
. X-ray
.CaWO4:Er3+/Yb3+ CaMoO4:Er3+/Yb3+
Yb3+
(LD)
Er3+
(531nm :
(656nm : 4F9/2→4I15/2)
upconversion(UC)
.
[0.7Ca2++0.05Yb3++0.1Er3++0.15Li+]
Li+
15 %
1.5
.
UC
.

P3-E058

Surfactant Effect of Sodium Citrate on the Formation of Calcium Tungstate Nanoparticles
via Hydrothermal Process
CHEN Yeqing, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun
Department of Physics, Pukyong National University.
Among various capping agent up to date, sodium citrate have been the most widely used as reductants and capping agents to
modify the crystalline surface during the solution based chemical approaches, which has great advantage in fine control of
particle size and morphology and less energy consumption compared with traditional solid state method. Herein we developed a
mild hydrothermal synthesis of various shaped CaWO4:Eu3+ using citrate as capping agent. The ratio of citrate ions (Cit3-) to
cation ions is the critical parameter in the formation of hollow to solid products while reaction time, pH value and concentration
also influence the particle size and shapes. Extensive characterization of the resulting NPs has been performed by using X-ray
diffraction (XRD), field emission scanning electron microscope (FE-SEM), transmission electron microscopy (TEM), highresolution transmission electron microscopy (HRTEM) and photoluminescence (PL) spectra. The growth mechanism has been
investigated carefully following the time-dependent experiments, and the Ostwald Ripening process has been proposed for the
formation mechanism. The optical properties are also discussed.
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oxyfluoride glass

up-conversion

OH Ju Hyun, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
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P3-E060

glass
660nm
Energy level

A comparative study of crystal growth and laser properties of Nd:GdVO4, Nd:YVO4

micro-rod

YANG Hyun Kyoung, NOH Hyeon Mi1, MOON Byung Kee1, JEONG Jung Hyun1
Jeju Global Research Center, Korea Institute of Energy Research. 1Department of Physics, Pukyong National University.
GdVO4 doped with Nd3+ is one of efficient laser materials used for diode-pumped solid-state lasers and has been proved to be
an excellent laser material that it has competitive properties with Nd:YVO4 crystal in high power laser system at 1.06 mm [1].
Compared with this conventional crystal, Nd:GdVO4 crystal offers many favorable properties such as the higher absorption
coefficient, the larger absorption cross-section at the 808 nm [2], the low thermal expansion coefficients and the large specific
heat [3]. The solid-phase reaction method usually used for the synthesis of polycrystalline materials of Nd:GdVO4, Nd:YVO4
could not get rid of the impurities present in raw materials. In this research, a facile synthetic route for the preparation of
Nd:GdVO4, Nd:YVO4 micro-rod by high energy ball milling, the as-grown powders were found to be amorphous, which

crystallized to the Nd:GdVO4, Nd:YVO4 by product after calcination at 350 ~ 600 oC in air for 5 hours. All the products were
systematically characterized by powder X-ray diffraction (XRD), infrared spectroscopy (IR), field emission-scanning electron
microscopy (FE-SEM), photoluminescence (PL) and photoluminescent excitation spectra (PLE). The luminescence mechanism
and the particle shape dependence of their fluorescence properties are also discussed.

- 313 -

2013 봄 학술논문발표회 및 제89회 정기총회

P3-E061
phosphors

2013.04.24-26, 대전컨벤션센터

Tunable luminescence through the energy transfer of Tb3+ - Tb3+ ions in GdSr2AlO5:Tb3+

PARK Jin Young, SHIM Kyoo Sung1, MOON Byung Kee, OH Ki Dong, JEONG Jung Hyun, KIM Jung Hwan
Department of Physics, Pukyong National Universiy. 1Cooperative Laboratory Center.
In recent years, the solid state white-light emitting diodes (WLEDs) have more advantages than the traditional incandescent or
fluorescent lamps, because several reports suggested that the WLEDs would reduce global electricity consumption by about
50% by taking advantage of the conversion from direct electricity to light rather than the processes in which light is the byproduct of another conversion, as with traditional lamps.In this study, a series of Tb3+ ions doped GdSr2AlO5 (GSA) phosphors
have been synthesized by on a citric acid based sol-gel method and sintered at 1300 °C. The XRD patterns confirm that the GSA
phosphors sintered at 1300 °C have a tetragonal structure and the scanning electron microscope image showed the closely
packed particles. The luminescence properties of these phosphors have been carried out by the emission and excitation spectra
along with lifetime measurements. The excitation spectra of GSA:Tb3+ phosphors consist of two broad bands due to the f-d
transition and some sharp peaks due to the f-f transition. The emission spectra of the phosphors reveal two colors, such as blue
due to (5D3→7FJ) transitions and green due to the (5D4→7FJ) transitions. The dynamics of the phosphors have been investigated

by decay curves and the cross-relaxation process is begun from 1 mol% of the Tb3+ concentration. For the thermal property, the
emission intensity droped by only ~8.2 %, and remains 91.8 % of its original intensity at 200 °C.
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P3-E064

Probing dual mode emission of Eu3+ in garnet phosphor

1,
1,
2
, SINGH S. K.1,
,
,
. 1
,
. 2
,
.
3+
3+
3+
Eu doped and Eu , Yb co-doped Gd3Ga5O12 phosphors have been developed by facile solid state reaction method which
can be easily scale-up in large quantity. The synthesis has been optimized to get a single phase material at 1300 oC. The phase
and crystal parameters have been analyzed by using X-ray diffraction (XRD) measurement followed by rietveld refinement of
the XRD data. Photoluminescence excitation (monitored for the 5D0→7F1 transition of Eu3+) depicts that the active ion (Eu3+)
can be excited through direct excitation into 4f band of Eu3+, through charge transfer band (Eu3+- O2−) excitation, and also
through the excitation into 8S7/2→6IJ intra f–f transition of Gd3+ ion; which significantly all together cover a broad excitation

region in 200-420 nm. In addition, in the presence of Yb3+ ions, the emission is also achieved by near infrared excitation (976
nm), through a typical upconversion (UC) process. Thus, the material efficiently behaves as a dual mode emitting phosphor
(emission is achieved both through normal fluorescence and through UC process). Since, the conversion efficiency of silicon
solar cells is only 15% of terrestrial solar energy for 200-400 nm region and also the sub-band gap energy (below 1100 nm, in
infrared region) is lost as heat; therefore, this kind of dual mode phosphors may be used to overcome the above mentioned
incomplete utilization of the solar spectrum and can open realm of new possibilities for energy harvesting.
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2013.04.24-26, 대전컨벤션센터

NIR to VIS frequency upconversion properties of Er3+ doped LaPO4 phosphors

1
, KESAVULU C.R.,
,
,
. 1
,
.
Various concentrations of Er3+-doped LaPO4 powder phosphors have been synthesized by the conventional solid state reaction
method and are characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), field emission scanning
electron microscopy (FESEM) and upconversion emission measurements. The XRD results shows that all the concentration of
Er3+-doped samples are assigned to the monoclinic monazite type structure of the LaPO4 phase. An intense green emission band
at 547 nm (4S3/2 ® 4I15/2) along with a weak red emission at 657 nm (4F9/2 ® 4I15/2) bands are observed under NIR excitation at

975 nm laser diode. Energy transfer and upconversion fluorescence properties of Er3+-doped phosphors have been discussed.
The possible mechanisms involved in the upconversion process have been discussed in comparison to results with other
reported systems.

P3-E066

Structural and red luminescent properties of AMoO4:Eu3+ (A= Mg, Ca, Sr and Ba)

phosphors

KWON Sook Hyun, SEO Yeon Woo, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun
Department of Physics, Pukyong National University.
We have synthesized red phosphor series of AMoO4:Eu3+ (A = alkali earth metal, Mg, Ca, Sr and Ba) by conventional solid
state reaction method. The samples were heated at 1000 °C and the dopant ratio of Eu was kept as 3 mol %. The structural and
morphological studies were performed using X-ray diffraction, field emission scanning electron microscopy. The
photoluminescence properties and optical band gap measurements were recorded and analyzed by UV-visible
spectrophotometer and luminescence photometer. Pure phase of AMoO4 matched with JCPDS references was observed without
impurity peaks. The diffraction peaks of the samples gradually shift to lower angle with increasing the atomic number of cation.
The phosphor samples show a systematic blue shift of the excitation band with changing cation in the order from Mg to Ba.
Among the phosphors, the strongest and the most efficient red luminescence could be obtained in CaMoO4 phosphor sample. In
the decay measurements, all the samples are fitted into a single exponential function. Energy transfer model has been
investigated in detail in CaMoO4 system from the calculation using density functional theory.
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phosphors

2013.04.24-26, 대전컨벤션센터

Crystal structure, electronic structure and photoluminescence properties of SrMoO4:Tb3+

PARK Sung Wook, KIM Eun Ock, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun, BAE Jong Seong1
Department of Physics, Pukyong National University. 1Nano Surface Technology Research Laboratory, Korea Basic Science
Institute.
This study reports electronic structures and photoluminescence properties of Tb3+ ion doped SrMoO4 powder phosphors
synthesized by a sol-gel method. The phosphor samples were crystallized at different temperatures of 800, 1000, 1200 and 1300
°C with each pH values of 3, 6 and 9. The luminescence dependence on the pH value and sintering temperature for the
SrMoO4:Tb3+ phosphors was studied. The structural, morphological, optical and photoluminescence properties of the phosphors
were characterized by means of X-ray diffraction (XRD), field-emission scanning electron microscopy (FE-SEM), analyzing
ultraviolet-visible absorbance and photoluminescence (PL) spectra along with decay measurement, respectively. The structural
parameters, electronic structure and orbital population of SrMoO4:Tb3+ phosphors were determined by means of Rietveld
refinement, absorbance analysis and density functional theory (DFT) calculation. The best crystallinity, optimized crystal
structure and resultant optimal phosphor could be obtained with control the pH value and sintering temperature. The broad
excitation bands covering the ultra violet (UV) region from 215 to 350 nm are attributable to the O → Tb and O → Mo charge
transfer transitions. Upon maximum UV excitation peak, all the SrMoO4:Tb3+ phosphors show the intense and efficient
characteristic emission lines radiated from the 5D4–7F3–6 transitions of Tb3+.

P3-E068

Photoluminescence characteristics of Sm3+ doped Ba3La(PO4)3 as new orange-red emitting

phosphors

YU Ruijin, NOH Hyeon Mi, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun, LEE Ho-Sueb1, JANG Kiwan1, YI
Soung Soo2
Department of Physics, Pukyong National University. 1Department of Physics, Changwon National University. 2Department of
Electronic Material Engineering, Silla University.
A series of orange-red emitting Ba3La(PO4)3:xSm3+ (0.02 ≤ x ≤ 0.30) phosphors were synthesized by the convenient solid-state
reaction. X-ray diffraction and photoluminescence spectra were utilized to characterize the structure and luminescence
properties of the as-synthesized phosphors. The emission spectra of the Ba3La(PO4)3:Sm3+ phosphors consisted of some sharp

emission peaks of Sm3+ ions centred at 563 nm, 600 nm, 647 nm, 710 nm. The strongest one is located at 600 nm due to 4G5/2–
6H
3+
3+ ions in Ba La
7/2 transition of Sm , generating bright orange–red light. The optimum dopant concentration of Sm
3
(PO4):xSm3+ is around 5 mol% and the critical transfer distance of Sm3+ is calculated as 22 Å. The CIE chromaticity
coordinates of the Ba3La(PO4)3:0.05Sm3+ phosphors was is located in the orange reddish region. The Ba3La(PO4)3:Sm3+
phosphors may be potentially used as red phosphors for white light-emitting diodes.
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The upconversion properties on Y2O3:Er3+, Yb3+ phosphors with different Yb3+

concentration

NOH Hyeon Mi, YEON Woo Seo, MOON Byung Kee, CHOI Byung Chun, JEONG JUNG HYUN, KIM Jung Hwan
Department of Physics, Pukyong National University.
The conversion of low-energy into high-energy radiation by multiphoton mechanisms is known as upconversion. The
upconversion in rare-earth-doped materials is caused by excited-state absorption or energy transfer from different rare-earth
ions. The sensitization of rare-earth-doped laser materials with Yb3+ is a well-known method for increasing the optical pump
efficiency because of the highly efficient energy transfer from Yb3+ to rare-earth ions. The Yb3+ ion exhibits a strong and broad
absorption band at about 960 nm and can easily be pumped with infrared laser diodes that are commercially available, giving
rise to upconversion in the visible spectral region.Among upconversion host materials, Y2O3 is a promising host material, which
owns a broad transparency range, high refractive index, low phonon energy, and high thermal conductivity. Er3+ ion as an
activator is regarded as one of the most popular and efficient doping ions, which can exhibit frequency upconversion emission
in the visible wavelength range.In this work, the upconversion properties of 0.01 mol Er3+ and various concentrations of Yb3+
co-doped Y2O3 phosphors were synthesized by high-energy ball milling method. Crystallinity of the samples and to determine
the structure using X-ray diffraction and the emission spectra were obtained by 975 nm diode laser (LD). Their upconversion
processes were explained by measuring the upconversion luminescence spectra and pump power dependence.
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2013.04.24-26, 대전컨벤션센터

Magnetic and electric properties of Ni-doped BiFeO3 compounds

Y. J. Yoo, J. S. Hwang, J. S. Park1, J. H. Kang2, K. H. Lee3, B. W. Lee3, Y. P. Lee
Dept. of Physics, Hanyang University, Seoul 133-791. 1Institute of Basic Sciences and Dept. of Physics, Sungkyunkwan
University, Suwon 446-740. 2Dept. of Nano & Electronic Physics, Kookmin University, Seoul 136-702. 3Hankuk University of
Foreign Studies, Yongin 449-791.
Recently, multiferroic materials have attracted much attention due to their own fascinating fundamental physical properties and
potential technological applications to magnetic/ferroelectric data storage systems, quantum electromagnets, spintronics, and
sensor devices. Among single-phase multiferroic materials, BiFeO3, in particular, has received considerable attention because
enhanced ferromagnetism was found by Fe-site ion substitution with magnetic ions.In this study, BiFe1-xNixO3 (x = 0, 0.01, 0.02
and 0.03) bulk ceramic compounds were prepared by solid-state reaction and rapid sintering. High-purity Bi2O3, Fe3O4 and NiO
powders were mixed with the stoichiometric proportions, and calcined at 450 oC for 24 h to make BiFe1-xNixO3. Then, the
samples were directly put into the oven, which was heated up to 800 oC and sintered in air for 20 min. The crystalline structure
of samples was investigated at room temperature by using a Rigaku Miniflex powder diffractometer. The field-dependent
magnetization measurements were performed with a vibrating-sample magnetometer. The electric polarization was measured at
room temperature by using a standard ferroelectric tester (RT66B, Radiant Technologies).

P3-E072*

Improved multiferroic properties of Bi0.9Dy0.1Fe0.97Co0.03O3 ceramics

Y. J. Yoo, J. S. Hwang, J. S. Park1, Y. P. Lee, J. H. Kang2, K. H. Lee3, B. W Lee3, Y. P. Lee
Dept. of Physics, Hanyang University, Seoul 133-791. 1Institute of Basic Sciences and Dept. of Physics, Sungkyunkwan
University, Suwon 446-740. 2Dept. of Nano & Electronic Physics, Kookmin University, Seoul 136-702. 3Dept. of Electronic
Physics, Hankuk University of Foreign Studies, Yongin 449-791.
Multiferroic materials have attracted much attention due to their fascinating fundamental physical properties and technological
applications to magnetic/ferroelectric data-storage systems, quantum electromagnets, spintronics, and sensor devices. Among
single-phase multiferroic materials, BiFeO3 is a typical multiferroic material with a room temperature magnetoelectric coupling
in view of high magnetic- and ferroelectric-ordering temperatures (Neel temperature TN ~ 647 K and Curie temperature TC ~
1103 K). Rare-earth ion substitution at the Bi sties is very interesting, which induces suppressed volatility of Bi ion and
improved ferroelectric properties. At the same time, Fe-site substitution with magnetic ions is also attracting, and the enhanced
ferromagnetism was reported.In this study, BiFeO3, Bi0.9Dy0.1FeO3, BiFe0.97Co0.03O3 and Bi0.9Dy0.1Fe0.97Co0.03O3 bulk
ceramic compounds were prepared by solid-state reaction and rapid sintering. High-purity Bi2O3, Dy2O3, Fe2O3 and Co3O4

powders with the stoichiometric proportions were mixed, and calcined at 600 oC for 24 h to produce samples. The samples were
immediately put into an oven, which was heated up to 800 oC and sintered in air for 1 h. The crystalline structure of samples
was investigated at room temperature by using a Rigaku Miniflex powder diffractometer. The field-dependent magnetization
measurements were performed with a vibrating-sample magnetometer. The electric polarization was measured at room
temperature by using a standard ferroelectric tester (RT66B, Radiant Technologies).
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,

,

2013.04.24-26, 대전컨벤션센터

The Influence of V2O5 on Dielectric Properties of BaO-B2O3-V2O5

,
.
The influence of V2O5 content ranging from y = 1.5 to 4.3 at fixed x=2.0 (x = BaO mol% / B2O3 and y = V2O5 mol% / B2O3
mol%) on the structural aspects of BaO-B2O3-V2O5 glasses from a investigation of dielectric properties and IR spectra has been
studied. The dielectric constant εʹ and loss were measured in the temperature range 0.1kHz - 100kHz. The dielectric constant
and loss increased with increase in the V2O5 content. In the IR spectra measured over a continuous spectra range(400-4000 cm-

1)

showed that a conversion from BO3 units to BO4 of boron coordination take place on addition of V2O5 contents.
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High temperature hall measurements on (Ba,La)SnO3 (001) films grown on the SrTiO3

(001) substrate

1,
1,
1,
1,
,
,
,
,
CeNSCMR, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, S. Korea. 1MDPL, Department
of Physics and Astronomy, Seoul National University, Seoul 151-747, S. Korea.
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. References[1]H. J. Kim et al. Appl. Phys. Express 5, 061102 (2012).[2]H. J. Kim et al. Phys. Rev. B, 86, 165205 (2012).
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P3-E077*

2013.04.24-26, 대전컨벤션센터

Raman Study on the Secondary Phases in CZTS Thin Films Prepared by RTA

NAM Dahyun, GANSUKH Mungunshagai, GWAK Jihye1, YUN Jae Ho1, KEE SHIK Shin1, CHEONG Hyeonsik
Sogang University, Department of Physics. 1Korea Institute of Energy Research.
Cu2ZnSnS4 (CZTS) thin films are expected to become the next generation absorber material for thin film solar cells for its
constituents are nontoxic and abundant on earth. However, its single phase is quite unstable which makes it is hard to get the
CZTS single phase. Various kinds of secondary phases appear not only at the top of the absorber layer but also inside the layer.
[1] These secondary phases are suspected to degrade the solar cell performance. We have studied secondary phases in CZTS
thin films with Raman spectroscopy. The thin films were prepared by rapid thermal annealing (RTA) of the liquid precursor that
was spin-coated on Mo-coated sodalime glass in a nonvacuum process. In order to detect small amounts of secondary phases,
we tried to match the resonant Raman condition for each secondary phase. CZTS, Sn-S, Cu-Sn-S, ZnS, and MoS2 peaks
appeared, and their intensities depended not only on the composition of the precursor but also on the condition of RTA. As the
RTA time gets shorter at higher temperatures, secondary phases disappeared while CZTS peak remained. These results indicate
that formation of secondary phases at the top of the films might become a major obstacle in developing CZTS thin films using
the RTA method. [1] A. Fairbrother et al., Solar Energy Materials & Solar cells 112 97 – 105 (2013).

P3-E078*

Characteristics of CdS thin films grown by chemical bath deposition(CBD) techniques onto
different molar fraction and pH conditions.
,

,

,

,

1,

1

. 1
.
Chemical bath deposition(CBD) techniques were performed to grow for highly homogeneous and crystallized CdS thin films.
CBD CdS was prepared using CdCl2, ammonia, and thiourea dissolved in a mixture of water and methanol solvent onto
different conditions such as type of pH values and molar fractions. The XRD, FE-SEM, AFM, UV-VIS spectroscope, and EDS
were carried out to investigate the optical and electrical properties and surface morphology. Optimizing CBD process for CdS
thin films on various molar fraction and pH values could enhance the optical and electrical properties for high efficiency photoresistors and solarcells. (
2012
)
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P3-E079*

2013.04.24-26, 대전컨벤션센터

Microstructure and Nanostructure on Si Formed by Nanosecond and Femtosecond Laser

Pulses

NOH Do Young, CHOI Jungwon1, KANG Hyon Chol2, SON Joon-Gon
,
. 1
,
. 2
,
.
The microstructures formed by illuminating 4ns KTP Nd:YAG laser pulses on Si wafer was investigated. The experiment was
performed in the water medium with laser exposure time longer than 20minutes. The Si microstructure showed multiple holes
structure with average 19μm wide and 21μm deep. We also investigated the nanostructure formed by illuminating 45fs
Ti:Sapphire laser pulses on Si. In this case, showed lineated periodic nanoscale ripples with mean period of 130 nm was
observed.

P3-E080*
Temperatures

CZTSSe Thin Films Grown from Metal Stacked Precursors at Different Selenization

GANSUKH Mungunshagai, NAM Dahyun, SON Dae-Ho1, KIM Dae-Hwan1, YANG Kee-Jeong1, KANG Jin-Kyu1, CHEONG
Hyeonsik
Sogang University, Department of Physics. 1DGIST, Green Energy Research Division.
Cu2ZnSn(S,Se)4 (CZTSSe) semiconductor has attracted a lot of attention due to its electro-optical properties and because it
consists of cheap and abundant materials, such as Zn and Sn. It has a high absorption coefficient (>104 cm-1) and a direct
bandgap that match the preferred wavelength range of solar irradiation. In order to make highly efficient solar cells it is essential
to control composition and secondary phase formation. Identification of secondary phases such as Zn(Se,S) and Cu2Sn(Se,S)3
can be done with Raman. In this study CZTSSe thin films are fabricated by Cu/SnS/ZnS metallic precursors on Mo coated
soda lime glass and selenized at different temperatures. To study annealing temperature dependence, the total thickness of the
precursor and the annealing time were fixed to ~1 μm and 30 min respectively. We measured the Raman spectra of CZTSSe
using different types of lasers to match the resonant Raman conditions for possible secondary phases. The Raman spectra of
different samples showed the main peaks of CZTSe and a binary selenide compound ZnSe (249 cm-1). A1 mode peak at 196 cm-

1

slightly red shifted as the annealing temperature was increased. ZnSe peak intensity varied at different areas of a sample.
XRD, SIMS, SEM and electrical characterization measurements were compared with the results of Raman Spectroscopy.
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Transmission of Light Through a Plasmonic Bull’s Eye with an Elliptical Aperture

1, NAZARI Tavakol,
1,
2,
1,
2,
POURNOURY Marzieh,
,
. 1
. 2
.
Anisotropic transmission of light through a plasmonic bull’s eye with an elliptical central aperture in a thin Au film is analyzed
experimentally. The results show the light polarized along the minor axis of the elliptic aperture has significantly larger
enhanced optical transmission (EOT) than the other orthogonal polarization, which can further utilized in polarized EOT
devices.

P3-E082
,

,

Growth of GaN on Amorphous Substrates and the Degree of Long Range Ordering

,
.
GaN-based optolectronic devices grown on sapphire substrates showed great success but have limitation to a large-scale due to
the availability of large sapphire substrates. For scaled-up application, amorphous substrates attract more attention. The
problem associated with the amorphous substrate is, however, the absence of long range ordering, so that the GaN grown on
amorphous substrates reveal short range ordering only. In this work, GaN was grown on amorphous substrates, and the effect of
growth parameters on the degree of long range ordering was investigated.
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P3-E083

2013.04.24-26, 대전컨벤션센터

Fabrication process of silicon-based micro grid for field emission applications

,

,
,
,
.
This paper presents fabrication method of silicon frame based-micro grid for carbon nanotube triode-structure field
emitter. Micro grid isused to improve the thermal resistivity and electrical stability by electron beam.

P3-E084
,

,

Growth of InN on Various Substrates

,
.
InN is considered to be one of the promising candidates for high speed electronic devices and solar cell applications due to its
high carrier mobility and narrow band gap. It is, however, difficult to grow a good quality InN due to a large lattice mismatch
with a commonly used sapphire substrate, which hinders the fabrication of InN-based optoelectronic devices. In this work, as an
alternative to a sapphire substrate, various substrates or templates were utilized to grow InN films and nanostructures. The
growth of InN turns out to be a kinetically limited process, so that the growth behavior significantly varied depending on the
growth parameters. Detailed analysis of InN growth characteristics with various growth parameters will be given in detail.
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P3-E085*

2013.04.24-26, 대전컨벤션센터

PDMS Film Prepared by Contact-printing Probed by Surface Sensitive Nonlinear Optical

Measurement

AVAZBAEVA ZAURE, SUNG Woongmo, KIM Doseok, CHAE Soosang1, BAIK HongKoo1
Department of physics, Sogang University. 1Department of Materials Science and Engineering, Yonsei University.
In LCD technology, alignment of interfacial liquid crystals (LC) by treated polymer surface is a key process that determines
completely the structure of liquid crystals in a cell. Although several polymer substrates has been found and functionalized,
mechanism of LC alignment is not fully understood yet. In this study, by using sum-frequency generation (SFG) spectroscopy,
we observed interfacial structure between polydimethylsiloxane (PDMS) prepared by contact-printing method and air in
molecular level. From Raman and attenuation total reflection infrared spectroscopy, the film was hardly detectable. By contrast,
in the SFG spectra, two vibrational modes of dimethyl moieties were clearly observed. Moreover, the spectral intensity of thin
PDMS film was appreciably stronger than the SF intensity from spin-coated sample revealing that more methyl groups protrude
out to the air side. In the second-harmonic generation (SHG) measurement which probed monolayer of LC molecules deposited
on the above surface, evidence of azimuthal anisotropy of LC molecule was found. We propose that the anisotropy came from
the reorientation of PDMS backbone during contact printing process.

P3-E086
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P3-E087*

2013.04.24-26, 대전컨벤션센터

Investigation of the Formation of Schottky Junction at LaNiO3/Nb:SrTiO3 Interface

HYANG KEUN Yoo, YOUNG JUN Chang1, MINU Kim, LUCA Moreschini2, YONG SU Kim, AARON Bostwick2, ELI
Rotenberg2, TAE WON Noh
Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science, and Department of Physics &
Astronomy, Seoul National University. 1Advanced Light Source, Lawrence Berkeley National Laboratory & Department of
Physics, University of Seoul. 2Advanced Light Source, Lawrence Berkeley National Laboratory.
Transition metal oxides reveal many interesting quantum phenomena such as spin/charge/orbital ordering caused by strong
electronic correlation effect. These various electronic phases have different physical properties which indicate that it can be
applicable for a new generation of electronic devices in a form of oxide heterostructure. To achieve this goal, it is prerequisite to
assure the formation of sharp interface in oxide heterostructure. Here, we investigated the formation of Schottky junction at
LaNiO3/Nb:SrTiO3 interface. We measured the I-V curves of LaNiO3/Nb:SrTiO3 sample to investigate the Schottky junction.
Then, to precisely study the property of this interface, we performed in situ X-ray photoemission spectroscopy measurement on
LaNiO3 films. We observed that the strong intermixing between Sr and La (Ti and Ni) occurred in LaNiO3 ultrathin film.
Further details will be discussed in poster.
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P4-E091*

2013.04.24-26, 대전컨벤션센터

Characterization of Raman Spectrum of Graphene on Hexagonal Boron Nitride Substrate

CHEONG Hyeonsik, CHOI Sun Keun, KIM Minjung
Sogang University, Department of Physics.
When graphene is supported on h-BN, it provides graphene with better structural quality and higher carrier mobility compare
to that on the commonly used SiO2 substrate [C. R. Dean et al., Nanotechnology 5, 722 (2010)]. Therefore, it is crucial to
understand the differences between graphene on SiO2 and that on h-BN and the interaction between graphene and the substrate.
Previously, CVD graphene on h-BN was studied by Raman Spectroscopy [G. Ahn et al., ACS Nano 7, 1533 (2013)] but Raman
measurement on samples prepared without a transfer step has not yet been reported. In this experiment we have prepared
graphene on h-BN samples by the exfoliation methods. First, h-BN substrates were prepared on a SiO2/Si substrate by
exfoliation, and then graphene was exfoliated on top of h-BN. Both h-BN and graphene layers were verified with AFM and
Raman spectra. We examined graphene on h-BN and their interlayer coupling by Raman spectroscopy. The difference between
graphene on SiO2 and that on h-BN was studied with different excitation energies of 2.81 eV (441.6 nm), 2.51 eV (488.0 nm),
2.41 eV (514.5 nm) and 1.96 eV (632.8 nm).

P4-E092
,

Synthesis and Optical Characteristics of Dy3+ in Calcium Silicate Phosphors
,

,

1,

. 1
.
Calcium silicates are widely studied as a next generation lighting system because of their excellent properties such as low power
consumption, high efficiency, and long life, etc. As a part of white LEDs, rare-earth-doped phosphors are actively applied. Since
we have studied many kinds of phosphor systems for the application to photonics, we are trying to improve the luminescent
intensity of the ceramics by applying different rare-earths in our phosphor systems. In this presentation, we report the optical
properties of Dy3+ in calcium orthosilicate phosphors. We synthesize Ca2SiO4:Dy3+ phosphors by using the solid-state reaction
method. Physical properties such as crystallization, surface morphology, chemical bonding states of the phosphors are
characterized by using X-ray diffractometer, scanning electron microscope, and X-ray photoelectron spectrometer. After
confirming the synthesis of the phosphors, optical properties are studied by taking absorption, excitation, and emission spectra.
Emission bands corresponding to the electric dipole 4F9/2 → 6H15/2, 4F9/2 → 6H13/2, and 4F9/2 → 6H11/2 transition of Dy3+ are
observed with an excitation of 350 nm. Also we observed the concentration quenching effect by doping the activators highly.
We have shown that Dy3+ acts as an activator for photonic application.
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P4-E093
,

2013.04.24-26, 대전컨벤션센터

Characteristics of Sm3+-doped Ca2SiO4 Phosphors for Photonic Application
,

,

1,

. 1
.
Orthosilicate phosphors are extensively studied for white LEDs because of excellent luminescent properties and promising
applications to white LEDs. Trivalent samarium (Sm3+) ion is an important activator for inorganic lattices producing red-orange
emission from 4G5/2 → 6HJ (J = 5/2, 7/2, and 9/2) transitions, and is adopted as an activator to determine the spectroscopic
properties of longer persistent phosphors. Since we have reported red-orange emitting Sr2SiO4:Sm3+ phosphors for operation
near UV excitation, we are looking for other kinds of phosphor systems for photonic applications. We synthesized samariumdoped calcium orthosilicate (Ca2SiO4:Sm3+) powders by using the solid state reaction method. The physical properties are
studied by using XRD, SEM, FT-IR, and XPS. Optical features are characterized by measuring absorption, excitation, and
emission spectra in terms of the amount of the doped Sm3+ at room temperature. A red-orange luminescence corresponding to
the 4G5/2 → 6H7/2 transition of Sm3+ is observed from the doped Sm3+. We obtained the solid solubility limit of Sm3+ in
Ca2SiO4 and observed the concentration quenching effect at highly doped phosphors. We have shown that Ca2SiO4:Sm3+ is a
red-orange emitting phosphor for photonic application.

P4-E094
,

Effects of Alkali Metal-Incorporation in Sr2SiO4:Sm3+ Ceramics
,

,

1,

. 1
.
White LEDs are considered as the next generation lighting system because of their excellent characteristics such as low power
consumption, high efficiency, long life, and design flexibility. Lots of researches on the rare-earth-doped phosphors are in
progress. Among those phosphors, rare-earth-doped silicates attracted lots of interest as promising candidates for the white
LEDs. Especially small quantity of alkali-metal substitution affects the morphology and the luminescent efficiency of the
ceramics. Since we have reported Sm3+-doped Sr2SiO4 ceramics, we are trying to improve the luminescent intensity of the
ceramics by incorporating alkali metal ions. In this presentation, we report the effect of alkali metal-incorporation on the
crystallization, surface morphology, chemical bonding states, and luminescent features in trivalent samarium-doped strontium
orthosilicate (Sr2SiO4:Sm3+) ceramics. Sr2-xMxSiO4:Sm3+ (M = Li, Na, and K) ceramics are synthesized by using the solid-state
reaction method at 1,300 oC. The structure and physical properties of the phosphor are characterized by using X-ray
diffractometer, scanning electron microscope, Fourier-transform infrared, and X-ray photoelectron spectrometer. Optical
properties are studied by taking absorption, excitation, and emission spectra. A red-orange luminescence corresponding to the
transition 4G5/2 → 6H7/2 of Sm3+ for near ultra-violet excitation is observed in Sr2SiO4:Sm3+ ceramics. When alkali metal ions
are incorporated, the luminescence intensity is enhanced by a factor of 1.50 to 2.16. Sr2-xMxSiO4:Sm3+ is a red-orange emitting
phosphor for the operation with near UV excitation.
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P4-E095*

2013.04.24-26, 대전컨벤션센터

Giant Concentration by Extraordinary Acoustic Transmission in Zero-Mass Metamaterials

LEE Sam Hyeon, PARK Jong Jin, LEE K. J. B.1, WRIGHT Oliver B.2, JUNG Myoung Ki
Institute of Physics and Applied Physics, Yonsei University. 1Department of Physics, Ewha Womans University. 2Division of
Applied Physics, Faculty of Engineering, Hokkaido University.
We realize zero-mass metamaterials by making the inertance of membrane-covered air holes close to zero. We thereby
experimentally and theoretically demonstrate a new mechanism for acoustic extraordinary transmission. For a filling fraction of
1% we obtain a 57% transmission intensity (76% in amplitude); this implies that on resonance the particle velocity inside a hole
is 76 times greater than that of incident wave, corresponding to an intensification of the acoustic energy density by the giant
factor of 5700. Such a high concentration of acoustic energy into a small hole of radius r= λ/56 enables sensitive detection of
acoustic signals with subwavelength resolution. Therefore subwavelength intensity concentration is used in scanning near-field
optical microscopy.

P4-E096

A Stereotactic Device for In Vitro Experiment Using Gamma Knife Perfexion Model

LIM SA-HOE, JUNG SHIN, KIM IN-YOUNG, JUNG TAE-YOUNG, MOON KYUNG-SUB, JANG WOO-YOUL, PARK
SEUNG-JIN1
Chonnam National University Hwasun Hospital, Department of Neurosurgery. 1Chonnam National University Hospital,
Department of Biomedical Engineering.
This study has been carried out to manufacture a stereotactic device for gamma knife irradiation to cell lines and to verify its
validity. For in vitro experiment using Gamma KnifeTM that contains cobalt-60 isotope source, a stereotactic device has been
developed. Common cell irradiators for in vitro experiment are simple and easy to use, but on the other hand those have low
accuracy for irradiation dose calculation and are difficult to perform focused and multi-targeting. Newly designed device is
composed of tube rack assembly and rack adapter. The tube rack can be modified according to shape of test tube or well-plate.
To obtain the actual radiation dose, dose rate in test tube was measured using ionization chamber and compared with
prescription dose on Gamma PlanTM. Our results show that the device provides an accurate method for irradiating cell lines
using the Gamma Knife.
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P4-E099*

2013.04.24-26, 대전컨벤션센터

Punctured Nanotube Device Channels for Device Performance Enhancement: Model

Simulations

LEE Chang-Sun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
Carbon nanotube (CNT) network used in devices always contains both
metallic and semiconducting CNTs, resulting in pure device performance
as well as low device yield. To enhance the CNT network device
characteristics, we perform device simulations based on sticks, which
represent metallic or semiconducting CNTs. Especially we model unusual
device channels containing several holes. We calculate models using the
Monte Carlo simulations based on the percolation theory [1, 2] to explore
the device characteristics. We study the dependences of the devices on
CNT lengths, metallic-semiconducting ratios, channel dimensions, the sizes of punctured holes, and the number of holes on the
device characteristics. We further evaluate quantitatively the device resistances. Our results show that not only the portion of
semiconducting devices over the whole devices increases, but the on/off ratio of the devices also increases when the number of
hole increases. Our model study is in good agreement with experimentally realized punctured CNT network devices [3]. [1]
Minbaek Lee et al., Lab Chip 9, 2267-2280 (2009)[2] Minbaek Lee et al., Small 5, 1642-1648 (2009)[3] H. Chang, K. Kong et
al. private communication.
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P4-E102

An Electro-Mechanical Switching Device Based On ZnO Microwire

YOON Ho ang, KIM Hak Seong, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University, Seoul, 1 Hwayang-dong Gwangjin-Gu 143-701,
Korea.
We studied the electro-mechanical switching behaviors of ZnO microwires. In this structure, the only one end of ZnO
microwire is fixed by source electrode and the other end of microwire has a transverse degree of freedom which could give the
mechanical movement by externally induced force. To realize this performance, one actuation electrode was defined beside the
end of ZnO microwire and the electrode to pull the ZnO microwire by electrostatic force was fabricated beside the middle part
of ZnO microwire. The ZnO microwire could be attached to the electrode beside the end of ZnO microwire for realizing the
switching behavior by the electrostatic attractive force from the electrode beside the middle of ZnO microwire. The mechanical
switching behavior could be sensing by measuring current flow between source and acuation electrode.
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P4-E105*

2013.04.24-26, 대전컨벤션센터

Thermally induced charge tunneling into graphene

YOO Jung-woo, JIN Mi-Jin, JO Jun-Hyeon, MODEPALLI Vijaykumar, PARK Jungmin
,
.
Graphene, a single layer of carbon atoms arranged in a honeycomb lattice, is a zero band gap semiconductor that can be
considered as an ultimate two dimensional (2D) electron system. Especially, its remarkable transport properties make it as a
prominent candidate for future micro- and nano-electronic applications that can replace the current Si-based technologies.
Exploit of correlation among charge, spin and heat current in graphene will significantly extend its future 'green' electronic
applications. In this study, we fabricated simple heat induced carrier generation electronic device with three terminal contacts.
Cleaned SiO2/Si wafer is used as a substrate. Monolayer or bilayer of graphene is obtained by mechanical exfoliation. And then
three electrodes (one is with tunnel barrier) are deposited separately by using photolithography & e-beam evaporation system.
One electrode is for applying current and between this electrode and graphene layer, 1~3nm of tunnel barrier such as Al2O3 is
inserted. Through this barrier, tunneling current can be induced into graphene via Seebeck effect. Then, the induced current will
diffuses through the graphene channel (length 5~20um) towards the other two electrodes. Finally, voltage difference between
these two electrodes will appear. The heat induced carrier generation in graphene is important for its future green electronic
applications.
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P4-E107

2013.04.24-26, 대전컨벤션센터

Tri-stable memristive switching at pristine state of a Cu/TaOx/Pt cell

KURNIA Fran, CHANG UK Jung, LIU Chunli
Department of Physics, Hankuk University of Foreign Studies.
A tri-stable memristive switching was observed on a Cu/TaOx/Pt device. The underlying switching mechanism was suggested
through the alteration of compliance current. The rectified switching behavior was observed while we were setting 5 mA as the
compliance current; the typical unipolar and square-shaped bipolar switching were obtained by setting 100 mA and 10 mA,
respectively, as the compliance current. It was postulated that the switching mechanism in Cu/TaOx/Pt device was closely

related to the accumulation of Cuz+ ions at the cathode interface. The mechanism of the tri-stable memristive switching
presented in this work was attributed to the migration of Cuz+ ions through the initial setting value of the compliance current,
while the rectification of I-V behavior could be attributed to the modulation of the Schottky-like interfaces. The assertion was
further supported by performing C-V measurement on the Cu/TaOx/Pt device.

P4-E108*

A study on mobility degradation in graphene field effect transistor (GFET)

YOO Jung-woo, MODEPALLI Vijayakumar, JIN Mi-Jin, PARK Jungmin, JO Jun-Hyeon
,
.
Exceptional electronic properties of graphene have attracted the attention of solid-state physicists and more recently device
engineers. From electronic device point of view, graphene is a promising material for future smaller and faster electronics, yet it
demands extensive amount of research to reach practical applications. In this work, graphene is used as the channel material in
field effect transistors (FETs). But when graphene is applied in transistors as channel, the mobility of charge carriers degrades
significantly due to extrinsic scattering mechanism such as scattering from charged impurities at the interface of
graphene/dielectric and interfacial phonon (RIP) scattering near the interface. These interface and near interface states can
introduce charging and discharging on a graphene channel. Lowering the density and effect of charged impurities is critical to
improve the mobility of graphene. Thus, introducing the buffer layer to minimize the charging effect between the oxide layer
and graphene is very important. To deposit the buffer layer, we use the atomic layer deposition (ALD) technique because it
produces conformal thin film with monolayer level control. The goal of my work is to study deep into the problem of mobility
degradation due to the charging effect at the graphehe/substrate interface in GFET and improve the performance of GFET by
integrating with a buffer layer controlled by ALD.
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The Electrical Properties of Thermally Reduced Multilayer Graphene Oxide

BAEK Seung Jae, PARK Min, KIM Byung Hoon1, PARK Yung Woo
Seoul National University. 1Incheon University.
We report the electrical transport properties of thermally reduced multi-layer graphene oxide (MGO) down to a temperature of
60 K. Reduction was carried out with step-by-step method for identifying the effect of thermal reduction temperature which
varying sp2 domain area. Temperature dependent resistance measurements were studied using two terminal technique and
charge transport were followed fluctuation induced tunneling (FIT). We regarded oxygen containing groups can create disorders
with clustered formation on the sp2 surface. Large conducting area can be explained by clustering that sufficient condition for
FIT mechanism. Conduction width and barrier height were deduced from the fitting formula and we found the values of
progressive decrease.
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P4-E111*
,

2013.04.24-26, 대전컨벤션센터

Weak localization effect in chemical vapor deposited graphene
1,

,

,

,

1,

,
. 1
.
Chemical vapor deposited graphene (CVDG) is expected to be a
promising candidate for the development of graphene-based electronics
on a large scale. Since monolayer graphene provides an ideal platform to
explore quantum coherent transport of two-dimensional electron gas, it is
necessary to confirm the quantum transport of the CVDG at low
temperature. Here we report magnetoconductance data obtained from the
nano-patterned CVDG. At low temperatures below 40 K,
magnetoconductance increases with magnetic field near zero field, which
is attributed to the weak localization effect. Temperature, gate voltage,
and magnetic field orientation dependences of the weak localization effect
are discussed as well.

P4-E112*

Impedance Spectroscopy Analysis of the Switching Mechanism of Graphene Oxide
Resistive Switching Memory

HO NHU Thuy, YONG SOO Kim
Department of Physics and Energy Harvest-Storage Research Center,
University of Ulsan.
In this study, we investigated the resistive switching behavior of pristine
graphene oxide (GO) and thermally reduced GO (rGO) at different
pressures with the electrode materials. Impedance spectroscopy and
current-voltage analysis were used to verify the possible physical
mechanism of the switching operation. Our observations demonstrate that
both the high-resistance state (HRS) and low-resistance state (LRS) have
the same origin. The switching operation originate from conductive
filaments at the top electrode – rGO film interface and oxygen migration
inside the rGO layer. The top, amorphous interface was formed by a redox reaction between the top electrode and GO layer as a
ground for the contribution of filament effect. The bottom electrode prevented the device from breaking down
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P4-E114*

Searching for the Possibility of Optical Investigation on Electric-Double-Layer Transistors

OH Ji Seop, KIM Minu, SOHN Chang Hee, NOH Tae Won
Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science, and Department of Physics &
Astronomy, Seoul National University, Seoul 151-747. Korea.
Electric-double-layer transistors (EDLTs), a new type of device using ionic liquids having high permittivity and hardly suffered
from dielectric breakdown, have engaged much attention recently because of their advanced tuning ability. Consequently, the
electronic properties of EDLTs with several materials have mostly been investigated; an optical spectroscopic examination,
however, has not been reported due to lack of study on ionic liquids. Here, we investigated a thin layer of DEME-TFSI (N,Ndiethyl-N-methyl-N-(2-methoxyethyl)ammonium bis-(trifluoromethanesulfonyl) imide), a widely utilized ionic liquid for
EDLTs, by Fourier transform infrared spectroscopy (FT-IR). A DEME-TFSI was dropped on a double-polished LaAlO3 (100)
substrate, and covered with a piece of 1mm x 1mm x 1mm cut ZnSe single crystal. Transmission spectra measured from several
positions of the sample showed that there was no specific fingerprint for the molecular vibrations of DEME-TFSI in the midinfrared range, and confirmed that the thickness of the DEME-TFSI layer was uniform. Our results indicate that the special
technique we introduced may uncover the new possibility of optical investigation on EDLTs.
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P4-E115*

2013.04.24-26, 대전컨벤션센터

Photocurrent spectroscopy of resistive switching Pt/Nb:STO Schottky junctions

,

,
,
,
.
We investigated the resistive switching behaviors of Pt/Nb-doped SrTiO3 (Nb:STO) single-crystal junctions in dark and under
illumination. The Pt/Nb:STO Schottky junctions exhibited bipolar resistive switching (RS) and non-volatile memory effects.
The analyses of the DC transport and admittance spectra suggested that the carrier lifetime at the traps was largely varied
depending on the resistance state. Comparison of the dark and light RS characteristics would show how the charging and
discharging at the trap states influence the RS behaviors. Such a study will provide us clues to understand underlying
mechanism of the RS in the metal/oxide Schottky junctions.

P4-E116*

Reversible p-doping of graphene activated by deep ultravioet light

IQBAL Muhammad Zahir, IQBAL Muhammad Waqas,
,
.
We have demonstrated an approach to make a reversible and stable
doping of chemical vapor deposition grown graphene film by the
combination of deep ultraviolet (DUV) light and flow of dry oxygen and
nitrogen. The schematic of doping scheme is shown Fig (a). Hole doping
with carrier concentration change of 3 10+12cm-2 is achieved by DUV exposure with oxygen flow as shown in Fig (b). The
doping effect is reversed by DUV illumination with nitrogen flow. It has been found that DUV plays a crucial role for the
effective doping and reversed process. The doping mechanism is further investigated by ab initio calculations: Dissociated
oxygen atoms give hole doping to the graphene and their recombination with nitrogen atoms into NO molecules may explain
reversible p-doping process. Doping by DUV illumination with gas flow is very effective and stable in atmospheric
environments in time scale of months. Stability and feasibility of the doping method developed in this experiment can contribute
to new development for functionalized graphene-based electronic devices.
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P4-E117*

2013.04.24-26, 대전컨벤션센터

Reversible p-type doping of lithographically patterned nanoconstriction graphene devices

IQBAL Muhammad Waqas, IQBAL Muhammad Zahir,
,
.
We fabricated nanoconstriction graphene devices by using e-beam
lithography and oxygen plasma etching process to study their electrical
properties. Figs. 1(a) and (b) are the schematic diagram and Raman
mapping of 2D peak position for the representative graphene
nanoconstriction devices in the experiment. The chemical vapor
deposition (CVD) grown graphene was transferred on p-doped SiO2/Si
wafer. The big electrode patterns with Cr/Au (6/30 nm) film have been deposited by using thermal evaporator after standard
photolithography. In the subsequent process, e-beam lithography was used to pattern direct ohmic contact to the graphene.
Nanoconstriction was made by using e-beam lithography and oxygen plasma etching, and the channel width ranges from 60 nm
to 100 nm. The current-voltage (IV) characteristic curves have been investigated at room temperature. The thickness of
graphene layers is determined by using an optical microscope and Raman spectroscopy. Strong p-type doping has been observed
as the nanoconstriction size was decreased. P-type doping has been reversible by applying Deep ultra violet (DUV) under
nitrogen atmosphere at room temperature.
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FF-01( )

2013.04.24-26, 대전컨벤션센터

Structure Study of Liquid Crystals in Confined Space

KIM Mahn Won
Chanwon National University and KAIST.
This talk opens with a question “What is a soft matter?” Soft matter shows large physical effects by a small external excitation.
One of soft matters is made of geometrically anisotropic molecules.Confined liquid crystals (LCs) show a variety of structures
depending on the balance between bulk elastic energy and surface anchoring energy.In this presentation, the experimental study
and simple theoretical model on the confinement-induced structural transition of LCs in prolate spheroids and elliptic cylinders
will be addressed.

FF-03( )

Electrical Power Generation by Mechanically Modulating Electrical Double Layers

PAK Hyuk Kyu, MOON Jong Kyun, LEE Dongyun
Pusan National University, Dept of Physics.
Since Michael Faraday and Joseph Henry made their great discovery of electromagnetic induction, there have been continuous
developments in electrical power generation. Most people today get electricity from thermal, hydroelectric, or nuclear power
generation systems, which use this electromagnetic induction phenomenon. Here we propose a new method for electrical power
generation, without using electromagnetic induction, by mechanically modulating the electrical double layers at the interfacial
areas of a water bridge between two conducting plates. We find that when the height of the water bridge is mechanically
modulated, the electrical double layer capacitors formed on the two interfacial areas are continuously charged and discharged at
different phases from each other, thus generating an AC electric current across the plates. We use a resistor-capacitor circuit
model to explain the results of this experiment. This observation could be useful for constructing a micro-fluidic power
generation system in the near future.
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FG-01

2013.04.24-26, 대전컨벤션센터

Bayesian Inference of Natural Rankings in Incomplete Competition Networks

.
Competition and reward are significant factors in the function and evolution of many complex systems. But determining the
definite hierarchy of the system's competing parts from the strongest to the weakest, a common basis for reward or punishment,
is often an ambiguous task due to the incomplete nature of the competition. Here we introduce the concept of parameter-free
natural ranking in a complete competition, and show analytically that the Bayes' formula can be utilized to formulate an exact
single fitness-based method for inferring the expectation and uncertainty of natural rankings in an incomplete competition
networks.

FG-02
,

Costly Bilingualism Model in a Population with One Zealot
1

,
. 1
,
.
We consider a costly bilingualism model that one can take two strategies
in parallel, paying somecost for it, in a population with one zealot who
sticks to his/her strategy. We investigate how thezealot triggers o the
cascading behavior and the e ects of the compatibility on complex
networks.First, the role of the interaction range on the cascades is studied
in one dimension increasing therange of interaction from the local to the
global one. We nd that people do not favor to take thesuperior strategy
sometimes even though its payo is higher than that of the inferior one.
This isfound to be caused by the local interactions rather than the longrange (global) ones. Applying thismodel to social networks, we nd that
the location of the zealot as well as the network propertiesis important for
better cascading behavior in this model.
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FG-03
,

2013.04.24-26, 대전컨벤션센터

Modeling Circadian Aspects of Bursty Human Activities
1,

1

( )
(
), NHN(
). 1
.
Recently, studies on a wide range of human activities, such as e-mail communication, web browsing and library visiting, have
revealed both of bursty and circadian nature of human behavior; heavy-tailed distributions of inter-event times(IETs) have been
observed in many cases of consecutive human activities, and also have oscillating pattern that implies circadian aspects of
human life, which are ignored factors in priority-based queueing model. In this paper we propose a microscopic model of
human activities, with considering diversity of individual and circadian pattern of human life, based on a priority-based
queueing model. For that, we collect a large scale of dataset which contains individuals' time stamps when blog articles are
posted on online blogs during over 5 years. From the dataset, we identify active and inactive time intervals of individuals and
remove the inactive time interval, thereby constructing an ad hoc continuous time domain. Therein, the priority-based queueing
model is applied by adjusting the arrival and the execution rates of tasks by comparing them with the activity data of
individuals. Then, the obtained results are transferred back to the real-time domain, which produces the oscillating and heavytailed IET distribution and shows better agreement with diverse patterns of individual IETs observed in the dataset. This
microscopic model enables us to develop theoretical understanding towards more empirical results.

FG-04

Promoting Cooperation by Optimal Tuning of Node-Node Correlations

YANG Hyunmo, GHIM CHEOL-MIN1
Graduate Program of Applied Physics, UNIST. 1School of Nano-Bioscience & Chemical Engineering and Graduate Program
of Applied Physics, UNIST.
Degree-degree correlation is a major structural determinant of the dynamical processes occurring on networks, such as the
spreading of information or infectious diseases. Out of the various correlation measures, we choose the assortativity (r) and
clustering coefficient (C) as the knob for controlling the degree-degree correlations. We first generate the networks with the
prescribed (r,C) combinations by rewiring a seed network and play the evolutionary games repeatedly. We find that higher r
combined with higher C always suppress the cooperation while the role of r is not monotonic for lower C. Based on these and
the related findings, we discuss the possible enforcement strategies for promoting the emergence of the desired characteristics
without any centralized intervention.
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FG-05

2013.04.24-26, 대전컨벤션센터

Optimization of Contents Accessibility and Server Cost on Complex Networks

,

,
KAIST,
.
In situations where the data traffic caused by mobile devices linked to the Internet is rapidly increasing, a server providing
contents could be overloaded. Setting up several copies of the server is a possible solution on the problem, but there is a tradeoff between the number of copies and the setup cost. In this work, we simplify the situation into the optimization problem on
complex networks. We find the optimum number of servers and the certain positions of servers considering setup cost and
accessibility of contents. Comparing the optimum of BA, ER, and scale-free network with community structures, we discuss a
correspondence between the optimum server number and the graph topology. We also examine the optimum number of servers
and their locations on autonomous system graph with the geospatial distance between nodes. This work might help to design the
effective and sustainable future Internet.

FG-06
,

Biconnectivity and Robustness of Multiplex Networks
,

1,

. 1
.
Many real networks such as social, biological, and technological networks often contain more than one type of links. In many
real-world complex systems, such multiple layers of networks are not randomly coupled but correlated. Biconnectivity and
robustness of connections in multiplex networks are important properties to sustain their structures and functions. Here, we
study the size of giant uniconnected and biconnected components under random failures and intentional attacks. We found that
correlation in multiplex networks impacts on robustness of multiplex networks.

- 346 -

2013 봄 학술논문발표회 및 제89회 정기총회

FG-07

2013.04.24-26, 대전컨벤션센터

Classification of Complex Networks based on Betweenness Centrality

CHOI Woosik, YOOK Soon-Hyung, KIM Yup
.
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Various transition natures of heterogeneous core percolation on complex networks
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FG-09

2013.04.24-26, 대전컨벤션센터

Quantum Behaviors of a Particle in a Harmonic Potential in Terms of Classical Molecular

Dynamics

KIM Sangrak
Kyonggi University.
We examine quantum behaviors of a particle in a harmonic potential well in terms of classical molecular dynamics in which the
trajectory of the particle follows a symplectic algorithm. We impose two conditions on the generated phase points. First one is a
stationary condition for the phase points to make a closed loop of $n$-polygon in a phase space, from which we obtain the
magnitude of time step $\tau_n$ with a relation $k {\tau_n}^2 = \theta_n$ where $k$ is a spring constant of the harmonic
oscillator, and $\theta_n$ is a constant, sorely dependent on the number $n$ of phase points on the closed loop. The enclosed
area of the $n$-polygon is given as $\oint pdq = \frac{n}{2}k \tau_n q_n ^2$ where $q_n$ is the initial coordinate. Second one
is the Bohr-Sommerfeld quantum condition $\oint pdq =nh$, from which we can determine the discrete energy level as $E_n
\tau_n = h$. Energy levels $E_n$ become the same as the results from full quantum mechanical results in the limit of large $n$.
We also obtain uncertainty relation.

FG-10
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FG-11

2013.04.24-26, 대전컨벤션센터

Dynamic Scaling in Time Evolution of Phase Synchronized Oscillators

HA Meesoon, CHOI Chulho1, KAHNG Byungnam1
Dept. of Physics Education, Chosun University. 1Dept. of Physics and
Astronomy, Seoul National University.
We propose a systematic analysis of dynamic scaling in the time
evolution of globally coupled oscillators with random natural frequencies
in order to provide a comprehensive view of phase synchronization. It is
directly related to the finite-size scaling (FSS) theory. In particular, we
characterize the temporal scaling behavior at the onset of collective phase synchronization in terms of the original Kuramoto
model. Dynamic scaling at the criticality can not only indicate the critical value of the coupling strength but also estimates the
FSS exponent as well as the thermodynamic critical exponents. Based on the FSS theory, we conjecture how the initial
configuration of phases, the generation method of natural frequencies affect dynamic scaling with and without thermal noise,
which are numerically confirmed.

FG-12

Graph Spectral Analysis for Intra-Cellular Reaction Dynamics

GHIM CHEOL-MIN
School of Nano-Bioscience & Chemical Engineering and Graduate Program of Applied Physics, UNIST.
We address the analogy of the continuous-time Markov process to the random walk on the weighted digraphs of biochemical
reaction networks. Starting from the master equation that describes the time evolution of probability distribution over states, we
show that the structure of the rate matrix directly translates into the nature of the steady states and relaxation behavior toward
them. Of particular interest are the multistability and the transition states, which manifest as the emergence of community
structure and the highest-betweenness nodes, respectively.

- 349 -

2013 봄 학술논문발표회 및 제89회 정기총회

FG-13

2013.04.24-26, 대전컨벤션센터

Sparsely Synchronized Brain Rhythms in A Small-World Neural Network

LIM Woochang, KIM Sang-Yoon1
Daegu National University of Education, Department of Science Education. 1LABASIS Corporation, Research Division.
Sparsely synchronized cortical rhythms, associated with diverse cognitive functions (e.g., sensory perception, multi-sensory
integration, selective attention, and memory formation), have been observed in the electroencephalogram and local field
potentials. At the population level, cortical rhythms exhibit small-amplitude fast oscillations, while at the cellular level,
individual neurons show stochastic firings sparsely at a much lower rate than the population rate. To resolve the apparent
dichotomy between synchrony at the population level and stochasticity at the cellular level, we consider Watts-Strogatz smallworld networks (with predominantly short-range connections and rare long-range connections) consisting of inhibitory
subthreshold Morris-Lecar neurons. We start from the regular network with only short-range connections, and then investigate
emergence of sparse synchronization by increasing the rewiring probability p for the short-range connections. For p=0, the
average synaptic path length between pairs of neurons becomes long, and hence there exist only incoherent population states
because the global efficiency of information transfer is low. However, as p is increased, long-range connections begin to appear,
and global effective communication between distant neurons may be available via relatively shorter synaptic paths.
Consequently, as p passes a threshold, sparsely synchronized population rhythms appear. However, with increasing p the
network wiring length becomes longer. At an optimal value $p^*$ of the rewiring probability, the ratio of the synchrony degree
to the wiring cost is found to become maximal. In this way, an optimal sparse synchronization occurs at a minimal wiring cost
in an economic small-world network through trade-off between omputational needs and wiring cost.

FG-14( )

Single-molecule biophysics: reductionism seeking physical beauty from biological reality

HONG Seok-Cheol
Department of Physics, Korea University, Seoul, Korea.
In this talk, I will overview single-molecule biophysics and summarize recent research work of my laboratory. Biological
phenomena appear puzzling and physically intractable. They are, however, mediated by a series of physico-chemical
interactions of biological molecules at their fundamental level. Although it is rather an extreme reductionistic approach, singlemolecule biophysics enables us to unveil heterogeneity of biological systems, to track kinetic behavior in real time, and to
obtain quantitative results suitable for physical analysis. Therefore, it has proven to be highly useful to gain physical insights
into biological phenomena. Utilizing single-molecule biophysical methods, we have understood various DNA-related biological
problems from more fundamental viewpoints. In particular, by combining single-molecule FRET and magnetic tweezers for the
first time, we can explore nano-scale conformational transitions occurring in non-canonical DNAs under controlled mechanical
conditions. It is notable to find statistical physics almost indispensable to understand the behavior of single, yet polymeric DNA
molecules. Thus, I envision that statistical physics would play pivotal roles in future development of biological science.
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Polydispersity and optimal relaxation in the hard sphere gas

BARBIER Matthieu, TRIZAC Emmanuel1
Institute for Basic Science, Inha University. 1Laboratoire de Physique
Théorique et Modèles Statistiques, Université Paris-Sud, France.
Polydispersity, or heterogeneity of sizes and masses, is ubiquitous in
systems of meso- or macroscopic particles such as colloids, polymers and
granulars. Its significance is greatly increased out of equilibrium, when
properties such as energy equipartition cease to hold, and a rich
phenomenology, yet scarcely understood, emerges empirically
(segregation, phase transitions, transport phenomena). We however are
interested in the possibility of optimizing some dynamic property of the
system through the choice of its mass and size distribution, for
technological purposes or to determine whether naturally occurring
distributions conform to such optima. The locus of our investigation is the
process of kinetic relaxation toward equilibrium in dilute hard sphere
fluids, where intuitive arguments allow us to understand that there should
indeed be some optimal dispersity. Yet we show that this cannot be a continuous distribution and must be a finite mixture,
which is found to depend on the dimension d of space, ranging from five species for d = 1 to a single one for d ≥ 4. In this
process, we gain insight on how exchanges in heterogenous systems may be optimized to accelerate their evolution toward
equilibrium.

FG-16

Residual discrete symmetry of the five-state clock model

BAEK Seung Ki, KIM Beom Jun1
Korea Institute for Advanced Study. 1Sungkyunkwan University.
It is well-known that the q-state clock model can exhibit a KosterlitzThouless (KT) transition if q is equal to or greater than a certain
threshold, which has been believed to be five. However, recent numerical
studies indicate that helicity modulus does not vanish in the hightemperature phase of the five-state clock model as predicted by the KT
scenario. By performing Monte Carlo calculations under the fluctuating
twist boundary condition, we show that it is because the five-state clock
model does not have the fully continuous U(1) symmetry even in the high-temperature phase while the six-state clock model
does. We suggest that the upper transition of the five-state clock model is actually a weaker cousin of the KT transition so that it
is q ≥ 6 that exhibits the genuine KT behavior.
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FG-17

Onset of Collective Synchronization in a System of Random Frequency Oscillators on
Random Sparse Networks

UM Jaegon, PARK Hyunggyu
Korea Institute for Advanced Study.
We investigate the collective synchronization in a system of random frequency oscillators coupled through random sparse
networks, in particular focusing on the onset. In previous works based on the quenched mean-field (MF) theory, it has been
predicted that the transition point is proportional to the inverse of the largest eigenvalue of the adjacency matrix. It means that
the synchronization occurs at any finite coupling constant in the thermodynamic limit when the maximum degree of the network
is not bounded. In this work, we generalize the quenched MF theory by considering the complex synchronization order
parameter. From the numerical solutions of the complex MF equations on the Erdös-Rényi network, we find that the
synchronization onset exists at a finite coupling constant, which agrees with numerical simulations

FG-18

Percolation properties of growing networks under an Achlioptas process

YI Su Do, JO Woo Seong, KIM Beom Jun, SON Seung-Woo1
BK21 Physics Research Division and Department of Physics,
Sungkyunkwan University. 1Department of Applied Physics, Hanyang
University.
Achlioptas process makes the emergence of the giant cluster delayed by
suppressing combining between large clusters [1]. We study percolation
transition properties when we apply the Achlioptas process to growing
networks, which shows an infinite-order phase transition in random
process [2]. From the extensive numerical simulation and finite-size
scaling analysis, we find the phase transition shows the usual secondorder phase transition, but with unusual critical exponents. Our
calculation supports the order parameter exponent β ~ 1/2 and the
correlation length exponents γ ~ 5/2.
[1] R. A. da Costa, S. N. Dorogovtsev, A. V. Goltsev, and J. F. F. Mendes, Phys. Rev. Lett. 105, 255701 (2010).
[2] D. S. Callaway, J. E. Hopcroft, J. M. Kleinberg, M. E. J. Newman, and S. H. Strogatz, Phys. Rev. E 64, 041902 (2001).
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Ising Model with Competing Interactions on a Square Lattice
1

. 1
.
We study the square-lattice Ising model with nearest-neighbor (J1) and next nearest-neighbor (J2) interactions, using theWang–
Landau Monte Carlo algorithm and the partition function zeros in the complex temperature plane(Fisher zeros). Here, the
competition between J1 and J2 interactions is definedby the coupling ratio R = J2/J1. For J2 > 0, the critical behavior is trivial and
isthe same as the square-lattice Ising model with only J1 interaction. On the other hand, the new phase of superantiferromagnet
appears for J2 < 0. However, the nature of the transition into the superantiferromagnetic phase is still controversial in the
literature. To resolve the controversy, we estimate the critical temperature Tc(R) and thermal scaling exponent yt(R) from the
Fisher zeros, as a functionof R. The estimated values of Tc(R) agree well with the results in the literature.We obtain the simple
critical behavior with a fixed value of the thermal scaling exponent, yt(R) = 1, for 0 ≤ R < 1/2 and J2 < 0 (Ising antiferromagnet).
For R > 1/2 and J2 < 0 (Ising superantiferromagnet), however, it is shown that yt(R) continuously varies depending on R values,
and the estimated values of yt(R) are clearly less than that of the first-order phase transition, yt = 2.

FG-20
,

Forest Fire Model as a Model of Financial Crises

.
We study a forest fire (FF) model on scale-free networks as a model for global financial crises. At each time step, an empty
node is randomly selected, at which a tree is planted. With probability f, a tree and all other trees in the same cluster are burned
by lightening at the same time. In this model, nodes may represent firms and links cross-holdings of assets and liabilities in realworld systems. f may be regarded as the strength of external regulation. Unlike the sand-pile model, in the FF model, all firms in
a cluster struck by a lightening are burned together, and new firms are created. Thus, the total asset in the system is not
conserved during failure dynamics. Here we obtain numerically that the distribution of the number of bankrupted nodes during a
given time interval in steady state decays in a power-law manner at a critical point fc. However, when the degree exponent is
ranged between two and three, the associated exponent differs from the ones for the avalanche size distribution in the sand-pile
model or the exponent for the probability to find s-sized clusters in the ordinary percolation. When the external regulation
strength is weaker than the critical value, that is f < fc, the distribution of the number of burned nodes exhibits a supercritical
behavior, which implies that large financial crises can take place abundantly when government control strength is loose.
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Transitions among multiple burst-oscillators in cultured neural networks
,

,
,
.
Synchronized neural bursts are a salient dynamic feature of biological
neural networks, having important roles in brain functions. This study
investigates the deterministic nature behind seemingly random temporal
sequences of inter-burst-intervals generated by cultured networks of
cortical cells. We found that the complex sequences were an intricate
patch work of several noisy ‘burst oscillators,’ whose periods covered a
wide dynamic range, from few tens of milliseconds to tens of seconds.
The transition from one type of oscillator to the other favored a particular
passage, while the dwelling time between two neighboring transitions
followed a Poisson statistics. With different amounts of bicuculline
application, we can tune the periods of the oscillations, terminate some of
them, or generate new ones.

FG-22
,

Trail Networks Formed by Populations of Immune Cells
,

,
.
Populations of biological cells that communicate with each other, can
self-organize to generate large-scale patterns. Examples can be found in
diverse systems, ranging from developing embryos,cardiac tissues,
chemotaxing amoeba and swirling bacteria. The similarity, often shared
by the patterns, suggests the existence of some general governing
principle. On the other hand, rich diversityand system-specfic properties
are exhibited, depending on the type of the involved cells and the nature
of their interactions. The study on the similarity and diversity constitutes
a rapidly growing field of research. Here, a new class of self-organized
patterns of cell populations that we term as "cellular trail networks" is
reported. The exquisite patterns, very similar to highway networks of
automobiles, were observed with populations of rat microglia, the
immune cells of the brain. The essential features of the observed patterns
were well captured by mathematical model cells that actively crawl and
interact with each other through a chemical attractant released by
themselves. Our finding suggests a mechanism of socially cooperative
and efficient traffic for the crawling immune cells.
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Mechanical nonlinear model of cell density waves due to the racheting motion of the cancer
cells with a viscoelasticity
,

,

,

.
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FG-24

The coexistence of “heterogeneity” and “coherence” in the phase distribution of clock cell
populations in SCN

JEONG Byeongha, HONG Jin Hee, LEE Kyoung J.
Center for Cell Dynamics, Department of Physics, Korea University.
Suprachiasmatic nucleus (SCN) is the master clock keeping an
endogenous circadian rhythm for mammals. As a SCN nucleus is
composed of multiple oscillatssors, clock cells, that are quite
heterogeneous in their intrinsic periods (20 ~ 28 hr), a natural question to
ask is how well they are ‘frequency-locked’ to each other and what is
their phase distribution like in space. Are they phase-synchronized?
Earlier investigations, based on luciferase imaging of clock-genes (eg.
per-1, per-2, Bmal) as well as in situ hybridization images of peptides
such as VIP, unanimously suggest that the clock cells in an intact SCN
support macroscopic phase waves, although their features vary significantly from one case to the others. On the other hand, our
recent experimental investigation [1], which monitored the concentration of cytosolic free calcium, showed that the phases of
individual clock cells were distributed very randomly. Subsequently, we hypothesized that the difference in the imaging
techniques, in particular, different spatial resolutions and the way a SCN nucleus is anatomically structured could attribute to the
seemingly conflicting results -- namely, ‘coherent macroscopic phase wave’ vs. ‘random phase distribution.’ In this work, with
a dual imaging of Per-2 luminescence and Ca2+ sensing cameleon FRET signal of organotypic SCN slice cultures of mice, we
explicitly demonstrate that SCN nucleus is structured such that the phases of individual cells vary widely at the resolution of a
single cell, while their mean (over a distance of 10 ~ 100 cell length) phase field supports a coherent progression. In addition,
we show that upon an extrinsic stimulation of temperature shock the degree of phase shift varies widely from one cell to the
others, even in a coupled intact network.
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Waves of ratcheting cancer cells in proliferating tumor layer

,
.
Over many years researchers have shown that the mechanical forces
generated by, and acting on, tissues influence the way they grow, develop
and migrate. As for cancer research goes, understanding the role of these
forces may even be as influential as deciphering the relevant genetic and
molecular basis. Often the key issues in the field of cancer mechanics are
to understand the interplay of mechanics and chemistry. In this poster, we
discuss very intriguing population density waves observed in slowly
proliferating of tumor cell layers. The temporal periods are around 4 hr
and their wavelength (or spatial correlation length) is in the order of 1
mm. Tumor cell layer, which is initially plated in a small (diameter ~2
mm) disk area, expands as a band of tumor cells is “ratcheting” in concert
in radially outward direction. By adding different doses of Cytochalasin
D, an inhibitor of actin polymerization, or Mytomycin, a
chemotherapeutic agent, we could halt and modulate the wave activities
reversibly. The observed waves are visually quite similar to those of
chemotaxing dictyostelium discodium amoeba population, which are
driven by nonlinear chemical reaction-diffusion waves of cAMP. So far,
we have not been able to show any relevant chemo-attractants inducing
the collective behavior of these tumor cells. On the other hand, we could
reproduce some essential features of the observed tumor waves with a purely mechanical model of coupled nonlinear cells. The
key elements were nonlinear viscoelasticity of model cells, their self-propulsion and the friction with substrate. Researchers
have been investigating how forces from both within and outside developing cancer cells interact in intricate feedback loops.
This work reports the first example of periodic density waves of tumor cells with an explanation purely based on nonlinear
mechanics.

FG-26

,

The B-Z transition of the sequences with TG repeats: a mechanical study

HONG Seok-Cheol, KIM Sook Ho
Korea University.
Although Z-DNA, the left-handed DNA, is an unstable state in
comparison with B-DNA, Z-DNA exists stably under certain conditions
such as high salt concentrations or negative supercoiling. In biological
systems, potential Z-DNA-forming sequences are located near the
promoter region of many genes and are thought to play a role in
transcription initiation. Recently we studied the B-Z transition in a short d
(GC/GC)n repeats in the presence of controlled tension and superhelicity
via a hybrid technique of single-molecule FRET and magnetic tweezers
[1]. In fact, another Z-DNA-forming sequence, d(CA/TG)n, is more
frequently and widely found in eukaryotic genome and believed to have
more important biological functions although the B-Z transition in that
sequence is much less studied. Here, we examined the B-Z transition of
the TG repeat sequence using the hybrid method from the mechanistic
viewpoints. We found that negative supercoiling is more effective in inducing the Z-conformation than high salt concentrations.
Even at room temperature, the sequence undergoes dynamic inter-conversion between the two states permitting direct
determination of kinetic constants and implying smaller energy barrier between the states. Compared to the GC repeat, TG
repeats required more torsional energy to trigger the transition and the repeat length dependence of the critical superhelicity
provides quantitative information about the transition.This work is supported by mid-career research program (NRF 2010 00
10594).[1] M. Lee, et al, PNAS 107, 4985 (2010)
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The evolution of synaptic weight distribution of a model neuronal network subject to a “Δt

,
.
"Spike-timing dependent plasticity (STDP)” is perhaps the most noble
concept as for the learning mechanism of biological neural systems. Its
inception was originally based on a system of only two neurons.
Generalizing the original STDP concept, one can imagine various
repeated spatiotemporal patterns of spikes and their impacts on the
distribution of synaptic weights in large populations of neurons. Earlier,
with in vitro neuronal cell cultures we demonstrated that ”Δt stimulation”,
a repeated sequence of paired electrical pulses delivered to two different
groups of neurons with a Δt time delay, could bring some significant
changes to the fidelity of the timing of ”synchronized burst oscillations”.
Interestingly, the changes (or responses) were significant only for some
particular values of Δt as be appeared in figure, and we believed that they
were caused by the transformation of synaptic weight landscape. In this
report, we discuss why the responses are significant only for some particular values of Δt. Namely, we discuss how the
effective values of Δt depend on the shape of STDP curve as well as the choice of two stimulated groups of cells.

FG-28

,

Force-extension relation in cross-linked semiflexible bundles

BENETATOS Panayotis, ZIPPELIUS Annette1, ULRICH Stephan2
Department of Physics, Kyungpook National University, Korea. 1Institute
for Theoretical Physics, Georg-August University, Goettingen,
Germany. 2Lorentz Institute for Theoretical Physics, Leiden,
Netherlands.
Semiflexible filaments play key roles in many cellular and extra-cellular
processes. Cross-links mediate the assembly of these filaments into higher
order structures, such as bundles. We present an analytical study of the
nonlinear force-extension relation of parallel-aligned, strongly stretched
semiflexible polymers with random cross-links (Fig. 1). In the strong
stretching limit, the effect of the cross-links is purely entropic. Crosslinks suppress thermal fluctuations, thereby enhancing the differential
stretching stiffness of the bundle. This qualitative behavior is captured by
a simple model of two chains with a single cross-link in the middle. Close to the gelation transition, the effect of the cross-links
on the stretching stiffness of the bundle is similar to that on the shear modulus.
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Fractal spatial distribution of pancreatic islets in three dimensions: a self-avoiding growth

model

, HORNBLAD Andreas1, KILIMNIK German2, HARA Manami2, AHLGREN Ulf1, PERIWAL Vipul3
. 1Umea University, Umea Center for Molecular Medicine. 2The University of Chicago,
3
Department of Medicine. National Institutes of Health, NIDDK.
The islets of Langerhans, responsible for controlling blood glucose levels, are dispersed within the pancreas. A universal power
law governing the fractal spatial distribution of islets in two-dimensional pancreatic sections has been reported. However, the
fractal geometry in the actual three-dimensional pancreas volume, and the developmental process that gives rise to such a selfsimilar structure, have not been investigated. Here, we examined the three-dimensional spatial distribution of islets in intact
mouse pancreata using optical projection tomography and found a power law with a fractal dimension, 2.1. Furthermore, based
on two-dimensional pancreatic sections of human autopsies, we found that the distribution of human islets also follows a
universal power law with fractal dimension 1.5 in adult pancreata, which agrees with the value previously reported in smaller
mammalian pancreas sections. Finally, we developed a self-avoiding growth model for the development of the islet distribution
and found that the fractal nature of the spatial islet distribution may be associated with the self-avoidance in the branching
process of vascularization in the pancreas.

FG-30
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2,

NOGARET Alain3,
,
. 1ICTP, Italy. 2SK Hynix. 3University of Bath, UK.
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Jammed packing structure of 2D snowman-like dimer system

HAN Youngkyu, LEE Juncheol1, CHOI Q. Siyoung1, CHOI Myung Cheol1, KIM Mahn Won
KAIST, Department of Physics. 1KAIST, Department of Bio and Brain Engineering.
Particle shape is one of the major parameters governing the structure in hard-particle systems. A 2D-snowman, which consists
of a pair of binary disks connected to each other, has two geometrical characteristics: the existence of a bond and asymmetry
due to a size difference. We have demonstrated the effects of the geometry of 2D-snowman particles on packing structure by
using athermal hard particles at an air-water interface [1]. In this presentation, we investigate the jammed packing structure of
asymmetric snowmen via packing experiment as well as Brownian Dynamics (BD) simulation. Varying two parameters, the
diameter ratio γ of the small (head) and large (body) constituent disks and area fraction φ, we characterize the structure of
snowman systems. We will show γ-dependent structural features and distinct ordering behaviors of snowman particles. [1] Y.
Han and M. W. Kim, Soft Matter 8, 9015 (2012).

P1-F002*

Experimental Study of Fluctuation Theorem Using a Colloidal Particle Under Optical Trap
With The Strength Changing With Time
,

,

1

. 1
.
Recently, there have been growing theoretical interests in non-equilibrium processes for thethermodynamic description of
microsystems. Since the discovery of the fluctuation theoremin mid 1990's, a number of theoretical results have been derived
and many experimentshave been done. As far as we know, however, there was no experiment of checking thetheorem in an
exactly solvable system. In this work, we tested the fluctuation theoremby using a colloidal particle trapped in harmonic
potential, which can be considered as asimple harmonic oscillator. Initially, the particle was trapped inside a potential with fixed
trapstrength. In this condition, the particle is in equilibrium state. At t=0, in order to drive theparticle away from equilibrium, the
optical trap strength was increased (decreased) linearlywith time for forward (backward) case. During this process, the position
of the particle wasmeasured with the accuracy of nano meter. We repeated each process 5000 times. Wecalculated several
physical quantities such as work, heat, entropy and free energy differenceand compared the results with the fluctuation theorem.
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Single-chain glass transition of polystyrene oligomer: Effect of confinement and tacticity

KIM Juin, KIM Hyungjun1, JEONG Hawoong, GODDARD, III William A.1
KAIST,
. 1KAIST, EEWS.
We study the glass transition behavior of a isotactic and syndiotactic 10mer-polystyrene subjected in a free space, or confined in
a carbon nanotube(CNT) by using extensive molecular dynamics simulations. We found that the high temperature
conformational dynamics of polystyrene resembles that of the random self-avoiding chain; however, at low temperature, the
potential energy landscape becomes rugged due to the torsional barriers, resulting in many basins in conformations. This
enables us to define a glass transition of single polystyrene oligomer, which is characterized by introducing an order parameter
defined as an area swept in the (Rg, Re) parameter space during a given time interval (Rg is the radius of gyration and Re is the
end-to-end distance). In free space, a polystyrene oligomer appears to have a collective motion of torsional angles, yielding a
macroscopically globular conformation below near the defined glass temperature. However, the confinement effect exerted by
CNT is turned out to dramatically suppress the glass transition by preferring the self-aligned extended conformation over the
globular one, which becomes more pronounced due to the π-π stacking attraction between CNT wall and phenyl rings of
polystyrene (by enhancing the confinement effect), and in syndiotactic polystyrenes (of which tacticity favors the extended
form).

P1-F004*

Large-scale Analysis Of Human Diet In The Nutritional Basis

KIM Seunghyeon, KIM Pan-Jun, JIN Yong-su1, FOO Mathias
Emergent Dynamics of Complex Living Systems, APCTP. 11Institute for Genomic Biology, Illinois.
Daily diet has significant influence on human health. Until now, there were a few studies to show systematic way to analyze
large-scale food data. As statistical physicists, we suggest a quantitative way to discover which food combination that satisfy
nutritional requirement is possible and define irreducible foods in the aspect of nutrition with methods used in systems biology.
Also, we found nutritionally important foods and how they work in the food network by network analysis of the network.
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The Dynamics of Network Using Extreme Events in Financial Market

KIM Beom Jun, YI Il Gu, OH Gab Jin1
Sungkyunkwan University. 1Chosun University.
We investigate a dynamics of network based on extreme events that are characterized by a larger volatility event in financial
market. The network we are interested in this study are constructed by connection between companies with the top L highest
volatility level in yesterday and companies top L highest volatility level today. Investigating the time variation of network
property in the KOSPI market, we document that the clustering coefficient of network start to decrease beginning from before
subprime mortgage financial crisis and grow sharply. In order to test whether the extreme events are related to the dynamical
features of network, we create alternative network based on connections between companies having extreme events and
companies having moderate events and find afterwards that the structure of network systematically exterminated.

P1-F006*

Effect of Clustering on Spiking Variability in Scale Free Network

KIM Junhyeok, LEE Dongmyeong, KIM Seunghwan
Pohang University of Science and Technology, Dept. of physics..
It has been known that the anatomical network in cortex is characterized by scale free properties. We studied the effect of these
structural traits on the spiking dynamics of clustered network. We constructed a neural network model with scale-free network.
Our model exhibits the firing rate fluctuations and spiking time variability. We found that the clustering structure can make the
firing rate of clustered neurons transiently changed. Thus, the hub clusters in scale free network exhibit more frequent transition
and variability in the spiking dynamics than periphery ones. We also analyze the transition properties in context with the
network characteristics. We hope that our model can help understand the relationship between the underlying structure and
spontaneous brain activity.
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Iterated Prisoner’s Dilemma game with a limited memory

KIM Young Jin, ROH Myungkyoon, SON Seung-Woo
,
.
We carry out the iterated prisoner’s dilemma game with a memory through the replicator dynamics. In this study, we examine
the characteristics of all 32 possible strategies with single memory by observing the result when each strategy encounters other
one. Based on this result, we define similarity measures between 32 strategies and perform a network analysis of the
relationship between strategies by constructing a network of strategies. Interestingly, we find that there exists a win-lose
circulation between strategies like the rock-paper-scissors, and this circulation is resulted from only a single strategy.

P1-F008

Prediction of Rank Evolution via Billboard “Hot 100” Chart

SOH Hyungjoon, JEONG Hawoong
KAIST, Department of Physics.
The ranked data is favored in many places, such as places (e.g., best city for vacation), things (e.g., most popular songs), and
many other entities. Likewise, also people are equally interested in these rankings evolve over time and predict the future
changes. We analyzed the Billboard “Hot 100” chart ranking data, which provides a very rich data structure. The data shows the
songs exhibit power law lifetime distribution and exponential initial rank distributions. From this data, the movement of the
ranks in the chart is traced. Despite every song has different shape, the movements of the ranks in the chart shows slow rise and
fast fall in general. According to the universality of movements we performed a prediction based on posterior estimation by
several algorithms. The performances between prediction algorithms are compared with each other using Kendall's rank
correlation.
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Properties of Network Structure under an Achlioptas Process.

JO Woo Seong, YI Su Do, KIM Beom Jun, SON Seung-Woo1
BK21 Physics Research Division and Department of Physics, Sungkyunkwan University. 1Department of Applied Physics,
Hanyang University,.
After the Achlioptas process is introduced, the number of studies on percolation transition is boosted up explosively. However,
it is irony that many studies have focused only on the phase transition nature, not on the structural properties of the resulting
network when we consider the Achlioptas process is just another method to form a network. In this study, we extensively
examine the structural properties of the random network grown under an Achlioptas process. The results are compared with that
of the random static networks and growing networks.

P1-F010
,

,

,
.
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Analysis of phase transitions in neural networks
,

.
We study dynamical phase transitions in a Boolean neural network with random connections. It is able to obtain the main aspect
of the interaction dynamics that produces the phase transition by using a noise intensity. The network approach allows us to
show numerically and analytically the existence of a phase transition in random networks. These results are particularly
compared with other numerical findings of different network models.

P1-F012
,

Study Of Interaction Between Traders In Artificial Stock Market
1,

,
. 1
,
.
In financial market, there exist many heterogeneous traders. Also, because of nonlinear interaction between heterogeneous
traders, many complex behaviors, so called ‘stylized facts’ are observed in financial market. We investigate the effect of
interaction between agents on price in artificial stock market using agent based modeling. There are two types of agents, such as
fundamentalist and chartist in artificial stock market. Fundamentalist forecasts future price using fundamental value, and chartist
forecasts future price using past price information. We consider interaction between agents using various complex network
model such as Random Network, Small World Network and Scale Free Network. Also, we consider the local interaction
between nearest neighbors and global interaction between total agents. As a result, when global interaction grows large, 'stylized
facts' such as heavy tails distribution of return, long memory of volatility are observed in artificial stock market.
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Information Process Overflow Of Schizophrenic Functional Brain Network

KIM Minkyung, SHIN Jeongkyu, KIM Seunghwan
Department of Physics, Pohang University of Science and Technology.
Schizophrenia is a mental disorder with symptoms accompanied by paranoid,delusions and incoherent speaking. Network
analysis has been applied for years because the normal brain network disruption is known for one of the reasons of
schizophrenia. In this sense, we used the network measures by constructing functional connectivity network with 18 channels
and 250Hz electroencephalogram(EEG) timeseries of schizophrenia patients(n=3). The patients had drug treatment after first
EEG recording(base). The second and third recordings are carried out one week and six weeks later after drug delivery. We
measured betweenness centrality with correlation connectivity network and broadcast/receive centralities with transfer entropy
connectivity network for various frequency bands. There are more the number of channel which has high betweenness centrality
on base state than 1 week, but it goes back similar to base state six weeks later in all frequency bands. It means network
connections of schizophrenia patient among brain areas are dispersed, not focused. We can also figure out the information flow
of frontotemporal connection in gamma band excesses normal(1 week) range through broadcast and receive centrality.
Especially, receive centralities of parietal lobe at base and six week state are higher than one week state. We suggest that the
schizophrenia patients have overflow of information process on frontoparietal connection.

P1-F014

Self-attracting walks on complex networks

KYOUNG Jaegu, MAENG Seong Eun, LEE Jae Woo, LEE Deok-Sun1
Department of Physics, Inha University. 1Department of Natural Medical Sciences, Inha University.
Random walk offers the elementary description of various network dynamics from human mobiility to the Iinternet browing
and searching. Among many common features of those different types of walks is that a walker tends to be attracted to the
starting position or the visited sites, which makes the walks no more random. For instance, it is well known that the randomwalk dimension is larger than 2, e.g., for self-attracting walks in which a walker is more likely to move to a visited site. Given
the recent discovery of heterogeneous network structure in many real-world systems, we explore how the structural
heterogeneity and the self-attraction affect the walking on the networks.
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Introverts and extroverts in social networks

LEE Deok-Sun, LEE Jae Woo, MAENG Seong Eun
Department of Physics, Inha University.
Understanding the interplay between node characteristics and the network topology is a key issue in the study of social
networks. Introversion and extroversion are among the major human characteristics, being related to the likelihood of creating
and preserving the relationship with other persons. Given that the spread of information and the collective behaviors depend
both on the node characteristics and the topology of social networks, the understanding of the emergence and influence of the
introverts and extroverts in the context of social networks is highly desirable.We introduce a simple network model in which an
initially neutral node becomes an introvert or an extrovert depending on its history of social interaction and the network
topology is changed accordingly by those intro- and extroverts. The topological properties of the evolving network and their
correlation with the node characteristics are investigated and their implications are discussed.

P1-F016
,

,

Characteristics of relations between the particulate matter and the meteorological factors

.
We investigate the temporal variation characteristics of the PM10 and meteorological factors (temperature, humidity, and wind
speed) in eight cities of the Korean peninsula. We employ the detrended cross-correlation analysis (DCCA) method to extract
the overall tendency of hourly variation. Its relationship between the PM10 density and the meteorological factor is established
by cross-correlation coefficients. As a result of non-Asian dust events, we ascertain from week intervals that Andong has the
largest value, while Mokpo has the smallest one in the case of the DCCA cross-correlation coefficient between the PM10 and the
temperature. Particularly, the cross-correlations can be compared in eight cities, after we examine whether the cross-correlation
would be statistically significant from the random number and the shuffled time series surrogations.
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P1-F018
Coupling-Induced Population Synchronization in An Excitatory Population of Subthreshold Izhikevich
Neurons

LIM Woochang, KIM Sang-Yoon1
Daegu National University of Education, Department of Science Education. 1LABASIS Corporation, Research Division.
We consider an excitatory population of subthreshold Izhikevich neurons which exhibit noise-induced firings. By varying the
coupling strength J, we investigate population synchronization between the noise-induced firings which may be used for
efficient cognitive processing such as sensory perception, multisensory binding, selective attention, and memory formation. As J
is increased, rich types of population synchronization (e.g., spike, burst, and fast spike synchronization) are found to occur.
Transitions between population synchronization and incoherence are well described in terms of an order parameter O. As a final
step, the coupling induces oscillator death (quenching of noise-induced spikings) because each neuron is attracted to a noisy
equilibrium state. The oscillator death leads to a transition from firing to non-firing states at the population level, which may be
well described in terms of the time-averaged population spike rate R. In addition to the statistical-mechanical analysis using O
and R, each population and individual state are also characterized by using the techniques of nonlinear dynamics such as the
raster plot of neural spikes, the time series of the membrane potential, and the phase portrait. We note that population
synchronization of noise-induced firings may lead to emergence of synchronous brain rhythms in a noisy environment,
associated with diverse cognitive functions.
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Global Interaction Network of Human Gut Microbiota

SUNG Jaeyun, KIM Pan-Jun1
Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk, Republic of Korea. 1Asia Pacific Center for Theoretical
Physics, Pohang, Gyeongbuk, Republic of Korea; Department of Physics, POSTECH, Pohang, Gyeongbuk, Republic of Korea.
Despite recent advances in knowledge of the microbial diversity inside the human gut, the global interaction dynamics between
the myriad species and its influence on host health and disease remains poorly understood. To better understand this
relationship through systems approaches, we constructed a global interaction network of microbial species from publicly
available microbiome samples of the human gut. First, we defined an interaction as a link between two microbes (or between a
microbe and host) displaying common uptake and secretion of chemical compounds. This led to the development of three types
of networks in our study: 1) Microbe-Compound Network: a bipartite network that connects the two sets of microbes and
compounds; 2) Microbe-Microbe Network: a graph that connects interacting species; and 3) Patient-Patient Network: a graph
that links individual patients whose microbiome samples share properties of the previous two networks. Statistical analysis of
these network structures from samples across different phenotypes revealed novel insight into the relationship between
microbial species and functional diversity and host health, including robust network clusters that can serve as diagnostic
molecular signatures.

P1-F020

Effective simulation method for spin-1 Blume-Capel model

KWAK Wooseop
Department of physics, Chosun University.
We perform simulations of spin-1 Blume-Capel (BC) model using the Wang-Landau sampling method. We effectively find the
critical points of BC model by using the derivative of the free energy with respect to crystal field.
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Effect of Synergy on SIR Model in Modular Networks

CHUNG Kihong, BAEK Yongjoo, KIM Daniel, HA Meesoon1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Physics Education, Chosun University.
Spreading processes in society naturally involves synergistic effects. Thus, how synergy changes the extent and pattern of
spreading is an interesting problem. As an example of social spreading processes, we define a synergistic SIR model in modular
networks and numerically study its phase transition properties. Our results imply that while weak synergy does not change the
universality class of transition, sufficiently strong synergy induces discontinuous transitions. This is further supported by the
near-transition behavior of different indicators, especially the bimodality coefficient, at various system sizes.

P1-F022*

Bimodality Coefficient as an Indicator of Phase Transition

BAEK Yongjoo, HA Meesoon1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Physics Education, Chosun University.
The Binder cumulant, despite its widespread use for indicating location and type of phase transition, is not applicable when the
distribution of the order parameter is highly skewed (as in percolation). As an alternative indicator, we propose the bimodality
coefficient, (κ32/κ23 + 1)/(κ4/κ22 + 3) (κn: n-th cumulant of the order parameter), whose value ranges from 0 to 1 and reaches 1
only for distributions with two separate delta peaks. Using several basic models exhibiting phase transition, we analytically
study the asymptotic behavior of the bimodality coefficient and show that it has broader applicability than the Binder cumulant.
Our results are also checked and supplemented by numerical simulations at various system sizes. We discuss whether this
indicator can be applied to cases when it is difficult to distinguish between continuous and discontinuous transitions, such as
explosive percolation.
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White x-ray induced fractal generation of silver nano-particles

JAE MYUNG KIM, SU YONG LEE, OKKYUN SEO, HYON CHOL
KANG1, DO YOUNG NOH
School of Materials Science and Engineering, Gwangju Institute of
Science and Technology. 1Department of Advanced Materials
Engineering, Chosun University.
We investigated the fractal formation of silver nano-particles (AgNP)
under synchrotron white x-ray irradiation in air. AgNPs prepared by ebeam on SiN were exposed to white x-rays (4B, PLS-II) in air by
changing irradiation time. We calculated box-counting dimension,
correlation dimension and information dimension from dark field
microscope image. The obtained fractal dimension has the range from
1.55 to 1.71. From x-ray diffraction results, we found that AgNP is
oxidized under white x-ray irradiation in air and change its morphology
into fractal.

P1-F024*
,

,
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, MHATRE Natasha1, ROBERT Daniel1,
. 1University of Bristol, Biological Sciences.

2,
2

2

,

.
,

.
.
.
.
.
.
.

- 370 -

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

P1-F025*
,

,
,

.
,
.
.

1
.
2

.
,

.
,

.
-

.
2

.

.
,
.

P1-F026

Self-avoiding Polymer in a Cylindrical Pore: Correlation between Structure and Dynamics

JUNG Youngkyun
KISTI.
We study the correlation between structure and synamics of a self-avoiding chain confined inside a cylindrical pore by
extending the formalism of Rouse modes. Using molecular dynamics simulation, we confirm our predictions that the correlation
is strongly affected by the confinement of a polymer to a cylindrical pore.
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,
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New Energy Function for Protein Loop Structure Prediction

HEO SEUNGRYONG, LEE JUYONG1, JOO KEEHYOUNG, LEE JOOYOUNG
KIAS, School of Computational Sciences.. 1NIH.
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P1-F029

Random Forest-Based Protein Model Quality Assessment (RFMQA) using its structural
features and potential energy terms

MANAVALAN Balachandran
KIAS, School of Computational Sciences.
Recently, predicting a protein three-dimensional (3D) structure from its sequence information has made a significant progress
due to the advances of computational techniques and the growth of experimental structures. However, selecting good models
from a structural model pool is an important and challenging task in protein structure prediction. In this study, we present the
first application of random forest based model quality assessment (RFMQA) to rank protein models using its structural features
and knowledge-based potential terms. The method assigns a relative score to a model by comparing its secondary structure,
solvent accessibility and knowledge-based potential energy terms. We trained and tested the RFMQA method on CASP8 and
CASP9 targets using cross-validation. The correlation between the TM-Scoreselect (Model selected by RFMQA, whose
corresponding TM-score) and TM-Scorebest (Highest TM-score of the model) is 0.945. When we use CASP8 targets as a
training dataset and evaluated the efficiency of RFMQA method on CASP9 targets, the correlation between the TM-Scoreselect
and TM-Scorebest over 108 target domains is 0.930; the correlation for template-based and ab initio targets are 0.911 and 0.652
respectively. Additionally, we tested our method on CASP10 targets by keeping CASP8 and 9 as training set. The test result
shows that our method outperforms any individual scoring function on both best model selection and overall correlation
between the model selected by RFMQA and highest TM-score of the model.

P1-F030
regression

Protein backbone torsion angles prediction from amino acid sequence using support vector

LEE Sun young, LEE Jooyoung
Korea Institute for Advanced Study, School of Computational Sciences.
Protein backbone torsion angles phi(φ) and psi(ψ) determine the topology of protein 3D structures. Therefore, if the real values
of torsion angles are predicted from a given amino acid sequences, it will be more straightforward to construct the protein
structure.In this study, we developed a torsion angle predictor called TASVR(Torsion Angle prediction using Support Vector
Regression) that predicts the protein backbone torsion angles from amino acid sequences. TASVR uses a two-level support
vector regression machine to predict real-value protein backbone torsion angles using features derived from amino acid
sequences, including sequence profile, predicted secondary structure and solvent accessibility. When evaluated based on a
benchmark dataset, the mean absolute error (MAE) of the phi and psi angle prediction are 28.1 and 44.8 , respectively. Also we
shows that the prediction of torsion angles using TASVR is useful in assisting protein 3D structure modeling.
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Cooperative Transport of a Cargo by Multiple Molecular Motors

ANN Minjung, LEE Kong-Ju-Bock, PARK Pyeong Jun1
Ewha Womans University. 1Korea National Univesity of Transportation.
We consider a modified active Brownian dynamics model for an application to the intracellular cargo transport by multiple
molecular motors. In our model, the cargo is modeled as a large Brownian particle coupled harmonically to a given number of
molecular motors, where each motor has its own energy depot and is subject to an independent stochastic energy supply. By
performing a Brownian dynamics simulation, we obtain the following results: (i) The average speed of the motor-cargo complex
gets smaller as the cargo size gets larger. (ii) The average speed is inversely proportional to the internal relaxation time of the
motor-cargo complex. (iii) double motors driving facilitates the cargo transport less than twice, but the stall force doubles up,
compared to single motor driving (iv) The stall force is not sensitive to cargo size, but gets smaller for stronger coupling
between motor and cargo. Our results show that the cooperation of multiple motors facilitates the cargo transport but the
efficiency decreases as the number of participating motors increases.

P1-F032

Dynamics of an Active Particle with Asymmetric Energy Conversion Rate

CHOI Saerom, LEE Kong-Ju-Bock, PARK Pyeong Jun1
Ewha Womans University. 1Korea National Univesity of Transportation.
We consider a generalized active particle coupled to an energy depot, which can store supplied energy and convert it into
mechanical work. In this presentation, we assume that the energy supply rate is constant and the energy conversion rate function
consists of linear and quadratic terms in the particle’s velocity. Stationary solutions are obtained under constant external force
and the stability of each solution is analyzed. The active particle is capable of uphill motion for a specific parameter range, for
which the efficiency of the asymmetric energy conversion mechanism is found to be unusually high. We identify the role of
asymmetric energy conversion rate, in comparison to the conventional symmetric case, and suggest a possible physical
mechanism behind the high efficiency of molecular machineries.
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P1-F033

Mathematical Modeling Of Circadian Clock In Arabidopsis Thaliana Using System
Identification Techniques

FOO MATHIAS, KIM Pan-Jun, YOO Hee Young1
APCTP. 1IBB, Postech.
Recently, the use of mathematical models in describing the behavior of biological system is gaining popularity. While there are
many mathematical models on circadian clocks in Arabidopsis thaliana existed in the literature, these models are often too
complex (i.e. involves nonlinear differential equations). In this work, we aim at obtaining mathematical model of the circadian
clocks using system identification techniques. Models obtained using system identification techniques are usually simple and
sufficient to describe the relevant dynamics of the system and yet provide physical interpretation about the system. The models
obtained through system identification can be useful for prediction and control design in the event we want to do simple
prediction of the behavior of the system and phenotypes manipulation respectively.

P1-F034

Structure of simple fluids with attractive and repulsive tails: Inverse temperature expansion

KIM Eun-Young, KIM Soon-Chul
.
The thermodynamic perturbation theories, which are based on the power series of a inverse temperature expansion havev
proposed forstudying the structure of square-well and square-shoulder fluids of various ranges, andcompared with the computer
simulations. The calculated resultsshow that the perturbation theory based on the referencesystem which incorporates both the
repulsiveand short-range attractive/repulsive tials is in excellent agreement with simulation results,and is better than that of one
based on eth hard-sphere-repulsion as a reference system.However, the accuracy between the theory and the siumaltion result
slightly deterioratesat low temperatutre ans low density becasuse of the slow convergences.
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GG-03

(Problems with

Incorrectly Implemented Chaotic Waterwheels Intended to
Demonstrate Chaotic Behaviour)
.
Despite some persistent misinterpretations and incomplete
understanding by the general public, chaos theory has become a wellknown and well cited topic in popular science and mathematics. To
demonstrate the phenomenon of chaos, simple systems and instruments
are available and have been constructed to educate the general public.
One such instrument is the Malkus-Lorenz waterwheel, a variation of
which is displayed at the Gwacheon National Science Museum. It has
been observed, however, that improper settings or minor malfunctions of
the waterwheel can destroy or severely limit the observation of chaotic
behavior. The malfunctions can arise from inadequate maintenance of
the apparatus, but other problems are an inherent consequence of the design of the specific implementation. In order to clearly,
properly and consistently demonstrate chaotic phenomenon and provide a more entertaining educational experience, a different
chaotic system, such as two independent double pendulums, is proposed to be used for demonstration purposes.
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Moments of Inertia of Disks and Spheres Without Integration

SEOK-CHEOL Hong, SEOK-IN Hong1
,
. 1
,
.
Calculation of moments of inertia is often challenging for introductory-level physics students due to the use of integration,
especially in non-Cartesian coordinates. Methods that do not employ calculus have been described for finding the rotational
inertia of thin rods and other simple bodies. In this paper we use the parallel axis theorem and the perpendicular axis theorem
(both of which may be proved without calculus), along with rotational symmetry, to determine, without using integration, the
moments of inertia of uniform disks and spheres.
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Shadow Size in Science Curriculum of Primary School

KIM Taekyu
Jeonju National University of Education, Department of Science Education.
The title of Light and Shadow is shown in the 3rd grade primary school science. Science Teacher's Guide Book for carrying
out the experiments are analyzed and the shape and the size of light source are considered as parameter of shadow size in this
study. The experimental contents of this book are analyzed as bellows: It is necessary to use correct word or sentence for
supporting systematic scheme, to describe correct parameters and experimental processes, to support the multi-media
materials. The shadow sizes(S) are affected by the shape of objects or the size of light sources(L), besides object size(D), the
distance(A) between light source and object, and the distance(B) between the light source and screen. Even if there are same
condition of parameters, the shadow size is depended on the object shape. The shadow size for the light source of L size is
altered to be D C/A - (C/A-1)L. According to reduction of light source, the shadow size is closed to that for point light source.

P3-G003

Difference between Theory and Experiments in Primary School Science

KIM Taekyu
Jeonju National University of Education, Department of Science Education.
There are gaps between experimentally measured values and theoretically calculated value occasionally. The applied
equations of theory are to be approximated due to the limitation of mathematical ability in primary school curriculum. The
preparation of experimental tool or method should be considered to reduce the difference. These differences are shown in the
experiments of the reflection of ray of light, the straight-line propagation of light, the leverage and so on leverage in simple
tool in primary school science. In the experiments of the reflection of ray of light, the (virtual) focal length of (convex)
concave mirror have been used R/2 instead of R -(R2-c2)1/2 + c/(tan2tan-1(c/(R2-c2)1/2)). In the experiments of shadow sizes,
the disc should be to used the formula of D C/A which could not applied to sphere. Also, the equation of effort used in primary
school is used m1g x1/x2 instead of equation of m1g x1/x2 +(x1/x2 - 1) Mg/2. It should be to devise a proper experiment tool
or methods for reducing the gap between the experimental and calculating values.
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The relation of creation education and human nature schooling

BAEK EUN HEE, JEONG Jin1
Department of Home Economics-Technology Education, Munjeong Girs Highschool. 1Department of Physics, Chosun
University.
When we look the correlation between creative education and character education, most students could easily distinguish the
difference between these two educational concepts. However, in STEAM education, students would develop different
perception since the correlation of creativeness and character are quite similar. In the notions of creative and characteristic
practices, students can clearly differentiate the differences. Nevertheless, in integrated stance, since the boundary is
ambiguous, integration was less distinctive.

P3-G009

A Study of Science and Technology for STEAM Education

BAEK Eun Hee, JEONG Jin1
Department of Home Economics-Technology Education,Munjeong Girs Highschool. 1Department of Physics, Chosun
University.
This particular research is mainly related to the notions of energy, havortrain and transportation in the field of science and
technology. This framework is for all students with the goal of being more engage and naturally successful for anyone of any
educational system. In scientific stance, students would often try to look at the facts in theoretical position. However, in the
field of industrial technology, they would interpret as the notion which is commonly used in daily life since they have strong
understanding towards the applications. Evidently, these two fields would show different opinions regarding the same subject.

- 395 -

2013 봄 학술논문발표회 및 제89회 정기총회

P3-G010

2013.04.24-26, 대전컨벤션센터

Freshman awareness for STEAM education

BAEK Eun Hee, JEONG Jin1
Department of Home Economics-Technology Education, Munjeong Girs Highschool. 1Department of Physics, Chosun
University.
A statistic of STEAM education shows that high school and middle school freshmen’s lack of basic knowledge about the
concept of STEAM. Although high school freshmen had changed notion about concept of STEAM education for more than
20% compare to the middle school freshmen, the tendency was almost the same in overall stance. After close observation of
the STEAM subjects, science, math, technology, engineering and art, it is obvious that students could distinguish the notions
and concepts of each subjects, however, they do not understand the integrated concepts which signify that more effort and
strategic plans are needed for the better development of education system.
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Current Status of PAL XFEL Project

KO In Soo
PAL-XFEL Project, POSTECH.
PAL XFEL project is aiming to produce 0.1 nm coherent X-ray laser to photon beam users. In order to produce such photons,
there are 10-GeV electron linac based on S-band normal conducting accelerating structures and a 150-m long out-vacuum
undulator system. The project is already started in April 2011, and is expected to be completed its construction by the end of
2014. The commissioning will be carried out in 2015. Currently the building construction has started. The injector test facility
which is the first 139-MeV section of the main linac has been installed and is under commissioning in newly added corner of
the PLS linac building. In this talk, I will introduce the project in general, domestic developments of subsystems, and details of
building design and construction.

HF-02

Spectrum and Power control at LCLS: Self-seeding and iSASE

WU Juhao
XFEL physics team, SLAC National accelerator laboratory.
Abstract: With the success of LCLS and SACLA, X-ray Free Electron Lasers (FEL) are being built and proposed world-wide.
Most of the FEL projects are based on Self-Amplified Spontaneous Emission (SASE) operating mode. While an X-ray SASE
FEL has very good transverse coherence, its longitudinal coherence is limited by the spiking effect due to the fact that the
system starts from noise. External seeding and Self-seeding are important approaches to improve the longitudinal coherence.
As an alternative approach, by introducing controlled delays in a SASE FEL undulator between the electron bunch and photon
pulse one can achieve a large reduction in line-width to generate X-ray pulse with good longitudinal coherence. We call this
approach an improved SASE (iSASE). In this talk, I will briefly review LCLS SASE operation, report recent experimental
results on Self-seeding and first proof-of-principle experimental results on iSASE, as well as tapered FEL to increase power at
LCLS.
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Measurement of the continuum lowering in a dense plasma

CHO Byoung-ick
GIST, Department of Physics and Photon Science.
The unprecedented peak brightness of the 4th generation light source opens up new capabilities in various fields of science. In
this contribution, I will discuss the unique capabilities of X-FEL to study high energy density plasmas. Despite of their
prevalence in the Universe, our understanding of some very fundamental physics of hot dense plasmas remains elusive. Here,
we used intense LCLS pulses to generate and probe solid density aluminum plasmas at temperatures of up to 180 eV. By
varying the photon energy of the X-rays, the K-alpha emissions from the highly charged aluminum is observed, then the
position of the K-edge of various charge states within the system can be measured. The results are compared with the
predictions of the Stewart-Pyatt’s (SP) ionization potential depression model. But it is found that SP-model provides the
significantly lower IPD comparing to the measurement in highly ionized states, while the earlier model by Ecker and Kroll
provides a better agreement. This may impact the current modeling of the equation of state and opacity of dense plasma in
astrophysics and ICF simulation, which largely adopt the SP-model for continuum lowering.

HF-04

Undulator lines in PAL-XFEL

PARC Yong Woon, KANG Heung Sik, HAN Jang Hui, KIM Dong Eon, HWANG Ilmoon, KANG Tai-hee, SIM Chi Hyun1,
KO In Soo1
Pohang Accelerator Laboratory, PAL-XFEL physics team. 11Pohang University of Science and Technology, Department of
Physics.
There are two major undulator lines in PAL-XFEL, Soft X-ray and Hard X-ray. Soft X-ray undulator line will make a
radiation with 3 nm ~ 1 nm (413 ~ 1240 eV). Photon number will be higher 10 ^12 with 3 nm case at the sample point.
However, for 1 nm case, the number can be lower by factor 5. Helical undulator option is also considered to control the
polarization of the radiation. For the Hard X-ray undulator line, self-seeding is most important issue. We are trying to include
the self-seeding option in the Phase I operation of PAL-XFEL. In this talk, the preliminary simulation result for the selfseeding scheme will be presented.
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HF-05

ELM Suppression And Its Understanding As A Bifurcated State In Application Of Low-n
RMPs In KSTAR Plasmas

JEON YoungMu, PARK JongKyu1, EVANS Todd E2, SABBAGH
Steve A3, PARK YoungSeok3, PARK GunYoung, HAN HyunSun, KO
Wonha, LEE KyuDong, KIM HeongSu, SEO SeongHyun, NAM
YongUn, GHIM Youngcheol, KIM Jayhyun, YOON Siwoo, KIM
JinYong, KIM WoongChae, OH YoungKook, KWAK JongGyu, JIN
JongKook, AHN HyunSik, LEE DongGeon, CHOI JaeHun, KEUNSU
Lee, KIM HakKun, YANG HyungLyol
National Fusion Research Institute. 1Princeton Plasma Physics Laboratory. 2General Atomics. 3Columbia University.
Complete ELM suppression, which has been achieved using n=1 RMP for the first time in 2011 KSTAR campaign, was
successfully revisited and substantially extended more than 4.0 sec in 2012 campaign. Furthermore it was successfully
demonstrated that an n=2 type of RMP also can suppress ELMs in a consistent way. For both types of RMPs, we found that the
resonant condition of applied fields, particularly q95, is of the key importance to access ELM suppression regime, relatively
than others such as edge collisionality or density. The broadband increase of magnetic fluctuations were commonly observed
from Mirnov coil measurements for both, consistent with the previous observation in the case of n=1 RMP. It is also observed
that the strong density pump-out in response to applied RMP fields has revealed a strong resonant feature with wider q95
window so that almost no density pump-out was found with non-resonant n=1 magnetic perturbation even using its maximum
currents. Since various edge diagnostics such as CES and BES etc were successfully conducted in this time, thus we will
discuss them in detail. With an emphasis on using different low n type of RMPs in ELM suppression, an optimal or critical
condition for the access will be discussed in experimental point of view. In addition, a bifurcation, experimentally observed,
will be described as a plausible physics mechanism of ELM-suppression by RMP fields.

HF-06

Runaway electron suppression in KSTAR

KIM Junghee, ENGLAND A. C.1, CHEN Z. Y.2, KIM W. C.3, KSTAR TEAM .4
National Fusion Research Institute, Daejeon, Korea. 1Oak Ridge National Laboratory, Oak Ridge, TN, U.S.A. 2Huazhong
University of Science and Technology, Wuhan, China. 3National Fusion Research Institute, Daejeon, Korea and ITER
Organization, Saint-Paul Lez Durance, France. 4..
One of the outstanding issues in ITER and reactor-grade tokamak is the generation and the suppression of the runaway
electrons (RE) whose energy is up to the order of several tens of MeV. REs are generated by acceleration due to toroidal
electric field during low density discharge or disruption. In the initial phase of the disruption, seed electrons becoming the
runaway electrons can be produced by the thermal quench. Soon afterwards the electrons are accelerated by the increased
toroidal electric field induced by the current quench. These runaway electrons can cause damage to the first wall when they are
lost without loss of energy. Moreover, population density of the RE can be easily amplified by knock-on avalanche, forming
high-level of RE current (~ maximum 10 MA in ITER) making the plasma position control difficult. In order to carry out safe
and high-performance plasma operation, RE should be mitigated or suppressed. To do this, several promising methods have
been devoted. The dedicated methods are based on the reduction of the toroidal electric field (loop voltage), collisional slowdown, and magnetic perturbation to cause the particle loss. In this talk, various experimental approaches to mitigate or
suppress the REs are introduced. In KSTAR, the techniques using the ECH (to lower the loop voltage by increasing electron
temperature), SMBI (supersonic molecular beam injection to help the collisional suppression), and RMP (resonant magnetic
perturbation) have been applied in 2011 and 2012 campaigns. The optimum technique depends on the plasma parameters such
as plasma current, electron density, toroidal magnetic field strength and so on.

- 399 -

2013 봄 학술논문발표회 및 제89회 정기총회

HF-07

2013.04.24-26, 대전컨벤션센터

Neutron Diagnostic Experiments in KSTAR with ITER Design Neutron Activation System

CHEON M.S., SEON C.R., PAK S., LEE H.G., BERTALOT L.1
National Fusion Research Institute, Daejeon, Korea. 1ITER Organization, Saint-Paul-Lez-Durance, France.
A diagnostic Neutron Activation System (NAS) measures the neutron flux and fluence to the first wall, providing the
evaluation of the total neutron yield and the fusion power from the tokamak plasma. A prototype of ITER NAS was developed
and installed at KSTAR for the test and optimization of the design as well as for the contribution to the KSTAR neutron
diagnostics. The first measurement data were obtained in 2011 KSTAR experiment campaign, and the experiments were
continued in 2012 with a minor upgrade of the system. Indium was used for the irradiation sample and 115In(n,n’)115mIn
reaction from the irradiated samples was monitored for the neutron flux evaluation using high purity germanium (HPGe)
detector. Measurement data showed clear evidence of fusion neutron generation from KSTAR plasmas. Monte-Carlo KSTAR
model for the neutron transport analysis was developed for the evaluation of the total neutron yield from the measured neutron
flux at the irradiation end, which can be obtained from the FISPACT code calculation. According to the analysis results from
MCNP and FISPACT calculation, it was estimated that the average neutron flux at the irradiation station was in the order of
105 – 108 n/cm2·sec. With the help of neutron transport analysis using MCNP code, the total neutron yield from 2011-2012
KSTAR plasmas was estimated to be in the order of 1010 – 1013 n/sec.

HF-08

Development of ITER VUV Spectrometer Prototype and Its Application to Impurity Study
of KSTAR Plasmas

SEON C. R., HONG J. H.1, JANG J.1, LEE S. H.1, CHOE W.1, LEE H. H., CHEON M. S., PAK S., LEE H. G., BIEL W.2,
BARNSLEY R.3
National Fusion Research Institute, Daejeon, Korea. 1Korea Advanced Institute of Science and Technology, Daejeon,
Korea. 2Forschungszentrum Jülich Gmbh, Jülich, Germany. 3ITER Organization, Cadarache Centre, France.
To optimize the design of ITER vacuum ultraviolet (VUV) spectrometer, a two-channel prototype spectrometer was
developed adopting channel #3 (14.4 nm – 31.8 nm) and channel #4 (29.0 nm – 60.0 nm) among the five channels (2.4 nm –
160 nm). The prototype is composed of a toroidal mirror, and two toroidal diffraction gratings and two different detectors of
the back-illuminated charge coupled device (CCD) and the micro-channel plate (MCP). Sensitivity calibration curve of the
spectrometer could be calculated from the grating efficiency and the detector efficiency. To verify calibration curve, the
laboratory experiment was performed using calibrated hollow cathode lamp. Based on laboratory experiment, the measured
sensitivity values were in good agreement with the calculated sensitivities. For the application of the calibrated ITER
spectrometer prototype, the spectrometer was installed at KSTAR. From the measurement of KSTAR plasmas, various
impurity species, such as C, O, Fe, Ar, and He could be identified, and strong positive correlation between C IV and O VI
emission intensity could be found by analyzing about 20 shots. Effect of on-axis ECH on impurity transport was also
investigated in Ar puffing experiment. The on-axis ECH just before Ar injection lowered the peaking intensity of Ar XV, Ar
XVI emissions, suggesting reduction of the core accumulation of the Ar impurities.
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,
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Nitrogen-Doped CVD-Graphene by Inductively Coupled Plasma

,
.
Graphene is a flat monolayer of sp2 bonded carbon atoms. It has raised
great interest in worldwide because of its extraordinary thermal,
mechanical, electrical and other properties[1,2]. However, It is difficult
to apply graphene for electronic applications due to zero-band gap of it.
Chemical doping with foreign atoms is an effective method to modify
the properties of host materials.[3,4] However, in this study, we were
able to get a N-doped graphene through nitrogen plasma treatment
which is useful to modify the surface of graphene. Also, it was used for
the introduction of nitrogen atoms on graphene by substitutional way.
Doping with the plasma treatment is a convenient and facile method to
get a controlled N doped graphene. In this research, we obtained
nitrogen-doped CVD-graphene by using ICP N2 plasma treatment.
According to the experimental results by changing the exposure time
and power, we were able to control the percentage of N atoms in the
host graphene. We can obtain results through raman spectroscopy, X-ray spectroscopy, AFM, UPS, etc. Reference[1]. Geim,
A. K. Science 2009, 324 (5934), 1530-1534. [2]. Geim, A. K., Novoselov, K. S. Nat. Mater. 2007, 6 (3), 183-191. [3]. Shao, Y.
Y., Appl.Catal. B 2008, 79, 89–99.[4]. Sumpter, B. G, ACS Nano 2007, 1, 369–375.

HG-02

,

The Current Status of KBSI Accelerator Project

WON mi-sook, LEE Byoung-Seob, CHOI Seyong, OK Jung-Woo,
PARK Jin Yong, SHIN Chang Seouk, BAHNG Jungbae, YOON JangHee
Korea Basic Science Institute.
The compact linear accelerator using a 28 GHz ECRIS (Electron
Cyclotron Resonance Ion Source) is under development in KBSI (Korea
Basic Science Institute). The main components of this facility are the
superconducting magnet, LEBT(Low Energy Beam Transport) line,
RFQ (Radio Frequency Qudrupole)and DTL (Drift Tube Linear
Accelerator). Coils of the superconducting manget was tested and the
assembly of superconducing magent was finished. LEBT line and Chamber of ECRIS was installed. The design of RFQ and
DTL is in progress. In this presnetation, we will report current status of consturction of KBSI Accelerator.

- 401 -

2013 봄 학술논문발표회 및 제89회 정기총회

HG-03

2013.04.24-26, 대전컨벤션센터

Beam Commissioning Superconducting RF System for PLS-II

SOHN .Y, YU .I .H, JOO .Y .D, CHUN .M .H, PARK .I .S,
PARK .H .J, HA .T .G, PARK .C .D, HUANG .J .H, NAM .S .H
Pohang Accelerator Laboratory, POSTECH.
PLS-II was commissioned successfully and provided synchrotron
radiation to users with normal conducting (NC) RF cavities during the
first half year after completion of PLS-II construction. The beam
operation with NC RF cavities was the precedence to superconducting
RF (Hereinafter srf) cavities for conditioning beam vacuum chamber,
commissioning LLRF system and due to long term delivery of srf
cavities from fabrication.Two srf cavities are installed in PLS-II storage
ring and tested, commissioned with electron beam, and now are on
service to users. The maximum stored beam current with srf cavities is
250 mA, which is the new record in PLS and PLS-II. Also, the RF
stabilities are improved as much as one order better than copper cavities,
which results in no electron beam instability up to 250 mA beam
current. We had a lot of machine studies with electron beam for stable beam operation, which is critical for beamline users.
The cavity conditioning, beam commissioning of srf cavities and improvement of beam stabilities will be introduced in this
presentation. The srf cryomodules in storage ring are shown in Fig. 1.

HG-04

Ion Cyclotron Wall Conditioning on KSTAR

, KOGUT Dmitry1, DOUAI david1,
,
1
. CEA-Cadarache.
Ion Cyclotron Wall Conditioning (ICWC) is included into the ITER
baseline for in-between plasma shots wall conditioning, i.e. in the
presence of the toroidal magnetic field, in order to control impurity or
hydrogen recycling, and to mitigate the tritium inventory build-up. In
ICWC, high wall fluxes are thought to be responsible of the measured
high efficiencies for fuel removal. However, neither the interaction of
the discharge species with wall surfaces, especially metallic, nor the
ability of ICWC plasmas to access co-deposited layers, where most of
the retention occurs, is well established. We report here on ICWC
experiments performed on KSTAR aiming at addressing these
questions.Pre-characterized a-C/B:H films deposited on the sides of a
castellation mock-up were exposed to He-ICWC in KSTAR (f=40 MHz,
BT=2.0T), in the mid-plane, the 2 mm wide slit being parallel to the toroidal magnetic field, for a cumulated duration of 125
sec. Ex-situ ellipsometric measurements on exposed samples revealed an almost uniform erosion up to 6 mm deep inside the
gap, with a rate of 0.08 nm/s, mainly attributed to chemical sputtering by recycled D flux.
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Evaluation of Global Recycling of KSTAR Plasmas in 2011 by 0D Particle Balance Model

JUHN June-Woo, HONG S. H.1, HWANG Y. S.
Seoul National University. 1NFRI.
Recycling behavior of KSTAR plasmas have been evaluated by a 0D global particle balance model calculation including
particle flux from plasmas to the vacuum vessel, its retention rate into the graphite wall and re-emission of neutral molecules
by desorption from the surface of wall for circular Ohmic discharges, diverted discharges, and NBI-heated discharges. Effects
of wall-conditioning and following de-conditioning phase are considered together. In 0.3MA limiter discharges, net retention
rate is calculated to be about 5x1020/s, ionization rate is up to 1022/s. Particle flux to the limiter is about 1x1022/s while to the
wall is about 2x1022/s. The values are under reasonable range by referring to data from other carbon-dominated tokamaks such
as TEXTOR and Tore Supra. Recycling coefficient R defined in a basic particle balance dNi/dt = (R-1)Ni/τi+fexΦ is turned out
to be larger than 0.9 which is also expected due to high retention of plasma facing components and first wall made of graphite.

P2-H001*

Experiments on Laser Wakefied Acceleration with a Tapered Capillary by the 20 TW/ 35

fs Laser System
,

,
,
,
,
,
.
The laser wakefield acceleration (LWFA) can produce energetic electrons of several hundred MeV. However, the energy of
electron beams is limited by the dephasing length. The tapered plasma density can increase the dephasing length, which results
in enhancement of the energy of electron beams. For this purpose, we have developed a tapered capillary discharge waveguide,
which can produce the variable plasma density gradients by changing gas-feed line cross-sections. The untapered/tapered
capillary plasma waveguide will be used for high-energy electron acceleration experiments together with the 20 TW/35 fs laser
system. In this presentation, we will report results of the ongoing experiments for the laser wakefield acceleration with the
untapered/tapered capillary.
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Simulations on Laser Wakefield Acceleration with a Tapered Plasma Density

SON daeun, NAM inhyuk, KIM minseok, LEE taehee, LEE kibaek, SUK hyyong
Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST).
The laser wakefield acceleration (LWFA) research is performed with 2-D PIC(particle-in-cell) simulations in this research.
Although LWFA enables electrons to be accelerated to high energies, the acceleration distance is limited to a very short
distance of the order of 1 mm due to the dephasing problem. To overcome this limitation, an increasing density plasma channel
along the laser propagation direction was proposed. Thus, we have developed a gas-filled capillary plasma source with the
tapered density profile. Before performing experiments, we conducted a lot of PIC simulations and we present some of the
results in this presentation.
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Experimental Study of a TE02 to TE01 Mode Converter at 28 GHz

CHOI eunmi, CHOE munseok1
Ulsan National Institute Science and Technology, School of Electircal and Computer Engineering. 1Ulsan National Institute
Science and Technology, School of Nature Science.
A mode conversion from a higher order mode to a fundamental mode is needed for efficient electromagnetic energy transfer
through a guided system.A TE02 mode is generated from a high power 28 GHz 200 kW gyrotron system, therefore, the TE02
output mode must be transformed to a lower mode, TE01 mode for low loss transmission. We have designed the mode
converter system using a corrugated waveguide geometry. The designed mode converter is cold tested and compared with
simulation results.

P2-H007
,

KOMAC 100MeV
,

,

,

,

,

,

,

,

KAERI.
, 3MeV RFQ, 100MeV DTL
.
.

100MeV
, 20MeV
100MeV
2013

.
,
.

- 406 -

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

P2-H008
,

,

,

,

KAERI.
100-MeV
Quadrupole), 20-MeV / 100-MeV DTL (Drift Tube Linac)
. DTL
RCCS (Resonant Frequency Control Cooling System)
DT (Drift Tube)
. 100-MeV
11
RCCS
.
RCCS
.

P2-H009*
,

MAGIC2d PIC
,

,

,
.

Ku,

1

,

DTL

Gyro-TWT
1,

,

1,

. 2LIG
KuGyro-TWT
MAGIC2d

PIC

3-MeV RFQ (Radio Frequency

1,

2

.
.
.

Gyro-TWT
Gyro-TWT

.
2
%

.
. MAGIC2d
24.1 kW,
.

Gyro-TWT

17.1 ~ 27.4 dB
(= vt/vz)

17.8 dB,

12 %

- 407 -

.

0.7

.
23

2013 봄 학술논문발표회 및 제89회 정기총회

P2-H010*
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Development of the 20TW Ti:sapphire laser system for laser acceleration experiments

KIM Minseok, NAM Inhyuk, JANG Donggyu, KIM Jomsool1, SUK Hyyong
Gwangju Institute of Science and Technology. 1Laser Spectronix.
We developed a 20 TW/35 fs Ti:sapphire laser system that operates at 10 Hz for laser-plasma acceleration experiments. The
20 fs oscillator beam with a few nJ output energy is sent to pulse stretcher and then it is amplified to ~1 J/pulse by passing
through the regenerative amplifier and two multi-pass amplifiers. After compression, a 20 TW/35 fs laser beam with a beam
diameter of 40 mm is produced. In this presentation, we present operation characteristics of high power fs laser beam that will
be used for laser wakefield acceleration experiments in our laboratory at GIST.

P2-H011*

Comparison between Double Dog-Leg and Chicane Type Emittance Exchange Beam Lines
for Bunch Shaping

HA Gwanghui, POWER John1, KIM Kwang-Je1, GAI Wei1, CHO Moohyun, NAMKUNG Won2
POSTECH. 1Argonne National Laboratory. 2Pohang Accelerator Laboratory.
A new collaboration is underway between POSTECH and Argonne National Laboratory (ANL) to use an emittance exchange
(EEX) beamline for the shaping the temporal profile of electron bunches for wakefield acceleration. The double dogleg EEX
beamline [K. -J Kim, 2006] was shown to be capable of complete emittance exchange but has the disadvantage that there is a
horizontal displacement of the beam after the EEX beamline. The chicane EEX with two quadrupoles [D. Xiang, 2011] was
proposed in an attempt to eliminate this displacement while maintaining the complete exchange. In this presentation, we have
compared the bunch shaping capabilities of a double dog-leg and a chicane beamlines. We present PARMELA simulations of
the shaping capability of both the double dogleg and chicane with two quadrupole exchangers. Based upon the results of the
comparison we describe the bunch shaping experiment planned at the Argonne Wakefield Accelerator Facility at ANL.
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P2-H012*

Measurement of the Tapered Plasma Density in a Gas-filled Capillary by Using
the Interferometric Method

LEE Tae-hee, KIM Min-Seok, JANG Dong-Gyu, NAM In-hyuk, LEE Seungwoo, PHUNG Vanessa Ling Jen, SUK Hyyong
Department of Physics and Photon Science, Gwang-ju Institute of Science and Technology (GIST).
Laser Wakefield Acceleration (LWFA) with a capillary waveguide is used for high-energy electron beam generation. The
capillary waveguide can guide a laser pulse over a long distance by a pre-formed plasma density channel. The energy of the
accelerated electron beam is limited by a dephasing length. However, the tapered (increasing) plasma density can solve this
dephasing limitation that makes the acceleration distance longer, and it eventually increases the electron beam energies. We
have developed such a tapered capillary and measured the spatio-temporal electron densities by the Nomarski interferometry.
In this presentation, we show detailed experimental results on plasma density diagnostics.

P2-H013

The installation of LEBT line of KBSI accelerator

LEE Byoung-Seob, SHIN Chang Seouk, WON Mi-Sook, CHOI Seyong, BHANG Jung-Bae, PARK Jin Yong, OK Jung-Woo,
YOON Jang-Hee
Korea Basic Science Institute.
The LEBT (Low Energy Beam Transport) line of KBSI (Korea Basic Science Institute) Accelerator was installed. Our system
was composed with 4 steering magnet, 3 quadrupole magnet, 3 pair solenoid magnet and 1 bending manget. They are tested
and installed. In this presentation, we will report test results of magnets and power supplies and installation informations of out
system. Also, our future plan will suggest.
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P2-H017

BPM (Beam position
.
35014
.

Analysis of Thickness Dependence for Carbon Foil Lifetimes

1,
1
,
,
,
. 1Department of Nuclear & Energy System Engineering, Dongguk University.
For extracting positive hydrogen atoms from accelerated negative ones, a thin carbon foil is usually used to stripe two
electrons from the negative atom. Each negative hydrogen (H-) consists of one proton and two electrons, which travel together
during accelerating up to 70MeV proton. Therefore the kinetic energy of electron is 38.13keV at the moment of stripping. The
energy loss of protons and electrons in carbon foil could be estimated by the multiplication of stopping power (dE/dz) and the
foil thickness where passing through. The stopping powers were estimated with 8.5 and 7.25 MeV/(g/cm2) for the proton and
electron, respectively. In cyclotron the stripper is located in a strong magnetic field of ~Tesla, which makes electrons circular
motion around the foil depositing all their kinetic energies into it. In this study, three different carbon foil thicknesses (200,
400, and 800 ug/cm2) will be employed to investigate the correlation of foil temperature and their lifetime for the case of 1mA
proton extraction. Lifetime of a stripper foil has to be sustained as long as at least 2 weeks for irradiating protons onto an ISOL
target. An effective lifetime of foils will be discussed as a function of a foil peak temperature for the sake of its lifetime longer.

,
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P2-H019

Numerical studies of mode competition in a Free-electron laser oscillator based on a
harmonic wiggler.

KIM Ki-Bum, NAM Soon-Kwon1
Cyclotron Research Institute, Kangwon National University. 1Department of Physics, Kangwon National University.
The nonlinear interaction between the electron and the radiation field with multi-modes in a far-infrared free-electron laser
oscillator has been studied. To obtain the high gain and the high efficiency in free-electron laser oscillator, the harmonic
wiggler was used. We have developed a multi-particle tracking simulation code to investigate the transverse mode competition
and the effects of the harmonic wiggler, and we have performed numerical simulation with higher transverse modes of the
radiation field, and the harmonic wiggler parameters were optimized.
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P2-H021

.

Dielectric Wakefield Acceleration of a Relativistic Electron Beam in a Cylindrical

Waveguide

, ANIRBAN Bera1,
RANJAN Barik1,
,

, SATTOROV Matlabjon,

,
. 1
.
Dielectric wakefield accelerator (DWA) of a relativistic electron
annular beam (500kV-5kA, 100ns) in a dielectric-lined oversized
cylindrical structure is proposed as a VED (Vacuum Electronic Device)
THz source. The high energy tail of a 1.25GeV electron beam was
accelerated by maximum electric field of 3.2GV/m in a 4.6 cm-length,
cylindrical-symmetric polycarbonate waveguide, with the acceleration
or deceleration clearly visible due to the use of a beam with a bifurcated
longitudinal distribution that serves to approximate a driver-witness
beam pair. The dielectric waveguide structure is further characterized by spectral analysis of the emitted coherent Cherenkov
radiation (CCR) at 0.1THz-0.3GW, from a single electron bunch, and from a relativistic bunch train with spacing selectively
tuned to the fundamental mode (TM01) with mode selection. Start-to-end simulation results reproduce aspects of the hollow
electron beam dynamics, emitted THz radiation properties, and the observation of acceleration in the dielectric-lined,
cylindrical-symmetric waveguide.
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Characteristics of a multi-frequency multi-harmonic laser in the two-frequency wiggler

NAM Soon-Kwon, PAIK Eun-Kyoung
Kangwon National University, Department of Physics.
We investigate the variation of the extracted efficiencies of the higher laser harmonics at saturation for a multi-frequency
multi-harmonic laser beam. We analyze the evolution of the ratios of each harmonic laser field with respect to the pass
number for various different length of first section for the two-frequency wiggler.
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P2-H027*

Characterization of N2-O2 flowing afterglow by emission spectroscopy

LEE Jaeyong, KYE Minjun, OH Sooghee, RICARD Andre1
Division of Energy Systems Research, Ajou University. 1University of Toulouse, France.
Afterglows of N2 and N2 – O2 flowing RF discharges are characterized by emission spectroscopy. The N and O atoms and the
N2(A) metastable molecule densities are determined after NO titration for N and measurements of NO and N2 band intensities
for O and N2(A) .The N-atom density is determined by NO titration which allows to calibrate the N2 (580 nm) intensity . The
O atom density is obtained by comparing the NO (320 nm) intensity resulting from the N+O recombination to the N2 (580 nm)
intensity.The N2(A) density is deduced from the N2(316 nm) intensity which mainly comes from the N2(A) + N2(A) pooling
reaction.The O-atom density is about one order of magnitude higher in the early afterglow.The N2(A) density is higher in the
pink afterglow at less than 0.1%O2 and become important in the late only at more than 0.1%O2.
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Probe Diagnostics of negative ion plasmas

1,
,
,
,
. 1
.
The plasmas were generated with difference sources (DC, RF) and gases (Ar/O2, Ar/SF6) for studying negative ion plasmas.
Using RF power brings the current to the probe includes RF fluctuations that give erroneous result. The RF choke filter was
made for precise probe diagnostics. In each experiment, Plasma parameters were measured with different gas ratio to ascertain
the effect by supplement of electronegative gases. The electron density, ion density and electron temperature were calculated
through analysis of I-V curve. The negative ion density and fraction were estimated under the condition of charge neutrality.
The electron temperature became high in the plasmas which contain electronegative gases due to the negative ion production
caused by electron attachment in the low energy. The recombination and electron attachment effect on decreasing of the
electron density.

,

P2-H029*

,

Tunable terahertz emission from a laser-induced plasma in a gas cell

,

,
,
.
An intense laser beam is focused in a plasma for generation of electromagnetic waves in the THz range. The produced
electromagnetic wave will have dependence on plasma density, in which the spectrum will give the information about the
plasma density. In our laboratory, we have a 20 TW laser system for laser-plasma interaction experiments and we are going to
use it for plasma density measurement and THz generations. The generated THz waves are measured with a Michelson
interferometer for spectrum and the result will be compared with the Raman-based method that will give the plasma density
information. In this presentation, we will show the on-going experiments and some results.
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Propeties of the Relativistic Terahertz Radiation from the Perturbed Underdense Plasma

KIM Jinju, JANG Do-Geun, HUR Min-Sup1, SUK Hyyong
GIST, Department of Physics and Photon Science. 1UNIST, School of Electrical and Computer Engineering.
We investigated properties of the relativistic terahertz radiation from an underdense plasma perturbation that is induced by
high-power fs laser. In particular, this study is focused on the effect of relativistic Lorentz factor on the radiation frequency,
for which extensive PIC (particle-in-cell) simulations were performed. In addition, the possibility of tuneable and controllable
spectrum generation by interactions of an intense laser beam and a plasma was studied. In this poster, the theoretical and
simulation results are presented.

P2-H031
1,

,
KAIST

.

2,

1

,
.

2

.
,

,
3.4 kV – 4.4 kV ,

.

50 kHz

.
2 mm

20 mm,
.

(bipolar)
.

-

1

1 mm

2
, ii)

2

,

iii)

)

.

i)

1

1 2

.
(

,
.
(

+

O I, He I, N2

),
.

- 418 -

2013 봄 학술논문발표회 및 제89회 정기총회

P2-H032

2013.04.24-26, 대전컨벤션센터

Temporal and spatial evolution of electron density in laser-produced plasmas

OH Seong Y., HONG Young Jun1, KIM Hee-Jin, LIM Changhwan
Laboratory for Quantum Optics, Korea Atomic Energy Research Institute. 1Korea Atomic Energy Research Institute,
Laboratory for Quantum Optics.
Interferometric measurements were carried out to investigate the spatial and temporal dynamics of laser-produced plasma. In
this study, the plasma was driven by focusing nanosecond infrared (1064nm) laser pulse onto a copper target. Interferometric
image constructed using a Nomarski interferometer was recorded as a function of the elapsed time after the onset of
breakdown. Phase map of the recorded interferometric image was calculated by a Fourier- transformation method, after which,
electron density profile was deduced using the extracted phase information and Abel inversion equation. After post-ablation
interaction, we observed that the induced plasma tends to expand preferentially toward the incoming laser beam at an early
stage of plasma formation. Experimental details will be given in this presentation.

P2-H033*

Measurement and Modeling of High Voltage Sheath Dynamics of Grid Electrodes*

YI Changho, NAMKUNG Won1, CHO Moohyun2
Dept. of Physics, Postech. 1Pohang Accelerator Laboratory. 2Dept. of Physics & Division of Advanced Nuclear Engineering,
Postech.
Plasma immersed ion implantation (PIII) is a well-known technology to modify material surface properties. Pseudo wave PIII
is one kind of PIII, which uses ions in pseudo wave generated by high-voltage pulse applied to the grid electrodes. Since, highvoltage electrodes and film do not contact directly, the arcing problem between electrodes and film can be prevented. In the
pseudo wave PIII, when a high-voltage is applied, ions are trapped in a potential well generated by grid electrodes. And if the
high-voltage potential well is eliminated quickly, ions propagate with its high speed toward film and implanted. In this scheme,
the quantity of implanted ions is proportional to quantity trapped ions. To estimate quantity of trapped ions, we have to
understand the dynamics of high-voltage sheath of grid electrodes. In this paper, we present the measurements and modeling
results of high-voltage sheath of grid electrodes. And we present the estimated results of the quantity of trapped ions calculated
by the model of high-voltage sheath of grid electrodes.
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P2-H034*

Characteristics of ECR Plasma Sources with Leaky-Wave Antenna and Belt-type Magnet
Assembly using Langmuir Probe

LEE Huijea, KIM Seong Bong1, YOO Suk Jae1, CHO Moohyun2, NAMKUNG Won3
POSTECH, Dept. of Physics. 1National Fusion Research Institute. 2POSTECH, Dept. of Physics & Division of Advanced
Nuclear Engineering. 3Pohang Accelerator Laboratory.
An electron cyclotron resonance (ECR) plasma source was developed to generate high density plasma for thin-film
depositions. The Argon ECR plasma was discharged by coupling of the microwave from the leaky-wave antenna on the Eplane of the rolled waveguide and the 875-Gauss magnetic field from a pair of permanent magnets called belt-type magnet
assembly (BMA). The pole surfaces of magnets in BMA facing forward the center of the cylindrical chamber produce a
vertical magnetic field in front of the microwave antenna. This magnetic field structure makes a ring-shape ECR zone which
has a good advantage of high density plasmas due to the improved charged particle confinement. In this paper, plasma
parameters and ion current density were measured by a Langmuir probe as function of operating pressure and microwave
power. Also the coupling dependency was studied by the mode of microwaves in the waveguide.

P2-H035*

Design of quasi-optical system of high power 84GHz gyrotron for plasma breakdown.

CHOI Eunmi, KIM Dongsung1, JEONG Jinhyun2, JOUNG Mi2, HAN Wonsoon2, BAE Young-soon2
UNIST, School of Electrical and Computer Engineering. 1UNIST, School of Natural Science, Physics. 2NFRI.
We present a quasi-optical(QO) system for a 84GHz gyrotron beam control for plasma breakdown. The system follows quasioptical propagation of a gaussian beam. The goal of this experiment is to determine the breakdown condition such as incoming
power level, frequency, and pressure. This scheme will be performed exceeding the required threshold electric field for
initiating plasma breakdown in vacuum chamber by using a focused 84GHz radiation. The vacuum chamber is designed to
allow different gas type and density to verify the possibility of the breakdown phenomena in various environments. The
designed QO system for guiding and focusing the 84GHz beam is going to be analyzed.

- 420 -

2013 봄 학술논문발표회 및 제89회 정기총회

P4-H036

2013.04.24-26, 대전컨벤션센터

DPA and Gas Production Rate for the D-D Nuclear Fusion Reaction in the PFC

LEE Bo-Young, OH Joo-Hee1, KIM Dong-Woo, KO Seung-Kook, LEE Hee-Seock1
Department of physics, University of Ulsan. 1Pohang Accelerator Laboratory, POSTECH.
Abstract— The interactions of neutrons from the nuclear fusion reaction with pfc(plasma facing component) are analyzed
using Monte Carlo codes. The dpa(displacement per atom) values in the three-layered pfc of graphite, Cu, and SS316L based
on the KSTAR device are calculated by the MCNPX/SPECTER code system. And the production rates of hydrogen, helium
gas were also calculated for analysis of nuclear damage effect. The serious irradiation condition of the ITER parameter, a
neutron flux of 3.5×1013 neutrons/cm2•sec, was applied. The dpa values during one-year operation were estimated as 0.6 dpa
for graphite, 4.6 dpa for Cu and 2.2 dpa for SS316L. The production rate of H, He atom for SS316L is estimated to 40
appm/dpa, 11 appm/dpa, respectively. The dpa value of 2.5-MeV neutron is less than half of 14.1-MeV neutron.

P4-H037*

Parameter dependency of pinch in toroidal momentum transport of tokamaks

YANG SeongMoo, NA D.H., YOON E.S.1, HAHM T.S., NA Yong-Su
Seoul National University, Seoul, Korea. 1Korea Advanced Institute of Science and Technology, Daejeon, Korea.
Since the plasma rotation has a beneficial role in confinement and stability of fusion plasma, toroidal momentum transport
becomes more important in fusion researches. In the toroidal momentum equation, Toroidal Reynolds stress is expressed as
summation of diffusive term, , pinch term, , and residual stress term, [1].Theoretically, the pinch term is known to depend on
plasma parameters such as density gradient, ratio of electron and ion temperature and so on. [2, 3, 4]. In this work, we consider
various plasma parameters and equilibria to investigate their impact on the pinch term. Of particular focus will be given to the
effect of change of the dominant microinstability in a plasma due to change of those plasma parameters to the pinch term.
Linear calculation is done with GKW in electrostatic assumptions to identify the characteristics of the dominant
microinstabilities which dominate in a plasma. [1] P.H. Diamond et al., Nucl. Fusion 49, 045002 (2009)[2] T.S. Hahm et al.,
Physics of Plasmas 14, 072302 (2007)[3] A.G. Peeters et al., Physical Review Letters 98, 265003 (2007)[4] E.S. Yoon and
T.S. Hahm, Nucl. Fusion 50, 064006 (2010)
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Development of a Doppler Reflectometer for the Density Fluctuation Diagnostics at

KSTAR

LEE Kyu-Dong, SEO Seong Heon, PARK Jin Hyung, XIAO Weiwen, KIM Yong Seon, KIM Jayhyun
National Fusion Research Institute.
A V-band X-mode doppler reflectometer has been designed and its laboratory development is ongoing for measuring the
turbulence propagation in the edge of KSTAR plasmas. The main feature of this system is to use the single side band
modulator (SSBM) which allows the heterodyne measurement using one microwave source. In addition, the frequency
hopping modulation enables to obtain the radial profile of the ExB rotation velocity as well as the radial electric field
distribution. In this presentation, the development status of a V-band doppler reflectometry will be presented. Particularly test
results with a corrugation wheel in the laboratory will be shown in detail. Moreover, the optimum design for the fabrication of
V-band corrugation antennas will be described.

P4-H039

Real Time Polarization Monitoring System for KSTAR 170 GHz ECRH/ECCD Wave

JOUNG Mi, KUBO Shin1, JEONG jinhyun, HAN Wonsoon, RHEE inhyuk, BAE young-soon
. 1NIFS.
Real time Polarization Monitoring System (PMS) of 170 GHz microwave in KSTAR has been developed in order to find the
optimum polarization for maximizing the absorption of 170 GHz microwave. High power mm-wave output from the gyrotron
is transmitted by corrugated circular waveguides and miter bends to antenna inside vacuum vessel. The polarization of the
linearly polarized mm-wave from gyrotron can be changed in arbitrary polarization by two polarizers, circular polarizer and
polarization rotator which are miter bends with grooved mirror. In order to minimize the transmission loss, the mm-wave
propagates in the lowest order hybrid wave, HE11 mode. Transmission line is nearly closed to avoid radiation damage of high
power mm-wave. It is important to detect the mm-wave polarization without distortion. We have studied how to detect the
mm-wave polarization without distortion and in real time during KSTAR operation PMS consists of the high frequency part
which has antenna, ortho-mode transducer, harmonic mixer, attenuator, and phase shifter and low frequency part which has
amplifier, attenuator, band pass filter, and amplitude & phase detector. This presentation describes the low power test results of
the developed PMS and data processing & acquisition system for synchronizing with KSTAR timing and the preliminary test
results in transmission line by using 170 GHz gyrotron and the experimental plan to measure the polarization of 170 GHz
ECRH/ECCD wave during the coming KSTAR plasma campaign.

- 422 -

2013 봄 학술논문발표회 및 제89회 정기총회

P4-H040

2013.04.24-26, 대전컨벤션센터

Motional Stark Effect diagnostics for KSTAR

CHUNG Jinil, KO J., HOWARD J.1, MICHAEL C.1, DE BOCK M.2
National Fusion Research Institute. 1Australian National University. 2Eindhoven University of Technology.
The Motional Stark effect (MSE) diagnostic is used to measure the radial magnetic pitch angle profile in neutral beam heated
plasmas. The diagnostic relies upon the measurement of the polarization direction of Stark broadened D-alpha emission by
injected fast neutral atoms in a magnetic field. The injected neutral atom with velocity v in a magnetic field B experience a
Lorentz electric field E = v x B, which causes a Stark splitting into orthogonally polarized component, σ and π, of the emitted
D-alpha line. The Stark σ and π components are polarized perpendicular and parallel to the direction of the electric field
respectively. Measurement of the magnetic pitch angle is used to calculate the safety factor, q, with magnetic equilibrium
reconstruction codes such as EFIT in shaped plasmas. The MSE diagnostic is important on shaping the q profile to optimize
confinement and stability, and it has become a key element in high performance tokamaks. For the purpose of achieving the
high performance operating regime on the Korea Superconducting Tokamak Advanced Research KSTAR device, two types of
methods are being studied under the strong international collaborations with the Australian National University and the
Eindhoven University of Technology. An imaging MSE polarimetry system using the coherence imaging technique had been
showed initial results during the last KSTAR experimental campaign in 2012. The spectro-polarimetric optical system
developed by ANU allows 2-dimentioal imaging of the vertical magnetic field in a tokamak plasma based on MSE
polarimetry. In KSTAR, a multichord PEM (photo-elastic modulator) based MSE system is being also developed, and this will
be commissioned in 2-3 years.

P4-H041

Tearing and Locked mode Evolutions in KSTAR

LEE Sang Gon, YOO Jeong Won
,
,
.
In magnetic fusion configuration plasma rotation has an important role
but in case resistive resonant tearing mode evolved and enhanced the
rotation becomes too small. This is called mode locking and it causes
negative consequences in fusion plasma performance. [1] Big enough
tearing mode occurs huge radial transport step size and particle and
momentum diffuse out along the magnetic field lines in tearing modes.
Finally it results plasma disruptions. In previous works for external
field induced tearing mode plasma with higher density and rotation
frequency tends to shield out external perturbations and can help plasma
to avoid disruptions. [2]The locked mode (LM) appeared during
Resonant Magnetic Perturbation (RMP) applied during 2012 KSTAR
campaign. In case of shot 7392 n=1 RMP applied during H-mode with
Neutral beam injections (NBI) as shown in figure.1. After RMP coil
current increased at 4s core toroidal rotation decreased drastically to
zero, plasma resisted counter torque (plasma and conducting wall
interactions by eddy current) then mode accelerated at 5.2s, plasma
locked again at 5.5s and finally unlocked from 5.9s.Even though the
rotation level is high enough due to the external momentum input, NBI
locked mode appeared in some H-mode shots.In this presentation, we try
to figure out the mechanism of external perturbation penetration and
tearing mode evolution under specific conditions which is easily locked
and we also consider the naturally locked plasma. Tearing mode
evolutions and enhancements are monitored by time trace of plasma
rotation measured with X-ray Imaging Crystal Spectroscopy (XICS) in KSTAR [3] and for delicate researches quasi-stationary
locked mode coil and Electron Cyclotron Emission (ECE) results are contained to observe the plasma exterior and interior
phenomena respectively.
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High-Power Long-Pulse Operation of KSTAR Klystron

1,
1,
,
,
1
PAL. NFRI.
The Klystron of 500 kW cw at 5 GHz is the key component for the ITER LHCD system. Prototype klystron for ITER LHCD
system was developed by POSTECH and Toshiba Electron Tubes and Devices (TETD). It is installed at NFRI for KSTAR
LHCD experiments. The most critical part in the high-power CW klystron is the RF window made of BeO ceramic which can
be defected by thermal stress in high power operations. In this experiment, the temperature of the BeO window was monitored
by an infrared camera in the range of 100 to 300 kW during long pulse operations. The results were extrapolated to 500 kW to
decide whether the windows are safe or not for 500 kW klystron output power. Based on the extrapolated results, 600 sec long
pulse test was successfully performed with 500 kW output power.* This work was supported by ITER Korea and NRF Korea
Contract Nos. 2012-0005919 and 2012-0005904.
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Detachment Modelling using SOLPS4.3 for the heat flux mitigation

SHIM Seung-Bo, AHN Joon-Wook1, KOTOV Vladislav2, REITER
Detlev2, HAN Hyunsun3, KIM Jin Yong3, HONG Suk-Ho3, LEE Hae
June
Pusan National University. 1Oak Ridge National Laboratory. 2FzJuelich. 3NFRI.
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Behavior of Mobilizable Dust Particles and Prediction for ITER

KIM Kyung-Rae, HONG Suk-Ho1, NAM Yong-Un2, JUNG JinIl2, KIM
Woong-Chae2
National Fusion Research Institute (NFRI) & University of Science and
Technology (UST). 11National Fusion Research Institute (NFRI) &
Hanyang University, Department of Electrical Engineering & University
of Science and Technology (UST), Department of Nuclear Fusion and Plasma Science. 2National Fusion Research Institute
(NFRI).
Mobilizable dust particles will be a critical issue for ITER. A simulation using a commercial finite element code for structural
analysis named LS-DYNA has predicted that tungsten dust particle of 0.5 um radius with 100 m/s causes noticeable damage to
the wall [1]. Thus, it is important to measure dust velocity experimentally. Dust particle distributions during the 2010, 2011
and 2012 KSTAR campaigns have been measured on CCD image by using KSTARTV program : 1) Dust velocity
distributions with peak and Root Mean Square (RMS) at 29.8 m/s and 101.4 m/s in 2010 campaign, 33.9 m/s and 81.9 m/s in
2011 campaign and at 45.4 m/s and 100.1 m/s in 2012 campaign. 2) Dust velocity distribution has been shifted towards higher
velocity range according to auxiliary injected energy. 3) RMS and average dust velocities are increased with auxiliary injected
energy depending on L and H-mode. Here on presentation, we will show the relation between auxiliary injected energy and
plasma rotation velocity. References:[1] Smirnov R D et al 2009 J.Nucl.Mater. 390-391 84.
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Pedestal profile evolution at the LH transition in KSTAR

KO Won-Ha, SEO S.H., LEE J.H., LEE K.D., NAM Y.U., LEE H., OH S., JEON Y.M., YOON S.W., KIM J.Y., BAE Y.S.,
KO S.H., DIAMOND P.H.1, KWON J.M.2, IDA K.3
NFRI. 1WCI center in NFRI, CMTFO and CASS, UCSD, USA. 2WCI center in NFRI. 3NIFS.
Pedestal profiles are important for ITER in the multiple contexts of enhanced confinement, the source of intrinsic torque in Hmode, and their response to ELMs and to ELM mitigation techniques. Rotation profiles are important for the enhanced
stability and confinement, the source of intrinsic torque in H-mode, and their response to ELMs and RMP. Vϕ pedestal
formation leads Ti pedestal with or without ECH in KSTAR. First pedestal profile and evolution of rotation, temperature, and
density have been investigated during both LH transition with ECH and 2nd LH transition. Relative hysteresis and correlation
investigated from the pedestal Vϕ and Ti.We emphasize pedestal profile structure and evolution at the L→H and H→L
transitions and during ELMs, and rotation profile evolution during RMP. We usually know the fact that steep toloidal rotation
profiles are strongly related with the local micro-instabilities. Pedestal profiles have been measured during ELM mitigation
experiments on KSTAR using RMP. The pedestal width also expands during the duration of ELM mitigation.* This work was
supported by the Korean Ministry of Education, Science and Technology. References:[1] W. H. Ko, et. al., Rev. Sci.
Instrum. 81, 10D740 (2010)[2] W. H. Ko, et. al., 39th EPS and 16th ICPP, Stockholm, Sweden, 5 July (2012)[3] W. H. Ko,
et. Al., 24th IAEA Fusion Energy Conference, San Diego, USA, 12 Oct. (2012)[4] S.W. Yoon, et. al., Nucl. Fusion 51
113009(2011)[5] Y. M. Jeon, et. al., Phys. Rev. Lett. 109, 035004 (2012)

P4-H049
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SEO dongcheol, PETERSON Byron J.1, MUKAI Kirofumi1, SANO Ryuichi2
. 1National Institute for Fusion Science. 2Graduate school of engineering, Kokkaido University.
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KSTAR Thomson scattering measurement result in 2012

LEE J.H., OH S, LEE K.D., KIM K.P., KO J.S., WI H.M., KIM Y.S., YAMADA I.1, YASUHARA R.1, NARIHARA K.1,
HATAE T.2, ONO T.3, KSTAR Team4
National Fusion Research Institute (NFRI). 1National Institute for Fusion Science (NIFS). 2Japan Atomic Energy Agency
(JAEA). 3Japan Atomic Energy Agency(JAEA). 4National Fusion Research Institute(NFRI).
During the 5th KSTAR operation in 2012, we have been installed two kinds of laser system for the KSTAR Thomson
scattering diagnostic system. One was a commercial Nd:YAG laser system (Thales Laser, 2J, 10Hz) which was used during
the KSTAR 4rd campaign in 2011, the other was a prototype ITER Edge Thomson scattering laser made by JAEA. A
specification of this prototype Nd:YAG laser is 5J , 100Hz but in this 5th KSTAR campaign we used the 2J, 100Hz for the
KSTAR plasma experiment. To measure the KSTAR plasma parameters by using this prototype ITER Edge Thomson laser
system, we modified the laser input port and dump system. Through the modification of dump system we can reduce a straylight from the dump. A beam alignment between the collection lens and input laser beam is very important to the Thomson
scattering system thus we implanted the beam alignment optical fibres in the collection optic system. In this 5th KSTAR
campaign, the KSTAR Thomson scattering system was measure the 6 spatial points for the core, and the 11 spatial points for
the edge. From this measurement, we measured the L-, H- mode profiles on the KSTAR plasma by using Thomson scattering
diagnostic for the first time. In this poster, we describe the KSTAR Thomson scattering system, evaluate the KSTAR Thomson
scattering data, and analyze the KSTAR plasma parameters (electron density and electron temperature profiles) for 2012.
Finally we discuss the future works. In 2013, we will concentrate on an increase of signal to noise ratio on KSTAR Thomson
system. To increase the S/R, we will improve our electric circuit by using an analog pulse transformer device. This work was
supported by the Ministry of Education, Science and Technology of Republic of Korea.
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P4-H052*

Proton-aided light ion generation for fast ignition via short-pulse laser interaction with a
coupled plasma target.

SHIN SangYun, SEO JuTae, HAHN SangJune
Department of Physics, Chung-Ang University, Seoul 156-756, Republic
of Korea.
Energetic light ion beam generated from short-pulse laser irradiation
onto a coupled plasma target has been studied. In the coupled target
configuration, the laser pulse irradiates on the surface of first proton
target first, and the acceleration of the light ion in second target is driven
by electric fields from both leading electrons and following protons from
the first target. Compared with a single-material target, proton-carbon
configuration shows remarkable improvements of light ion beam
properties including the maximum relativistic energy, the total yield, and
the angular directionality. Throughout the study, it was verified that the
accelerated protons from the first target exert a pressure on the light ions
(carbon) in the second target, which enhances the acceleration of the light ions. The detailed mechanism of the light ion beam
generation by this proton pressure acceleration(PPA) has been discussed, and illustrated with the representative results from a
fully relativistic 2D3V PIC simulation.
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Study of Plasma Generation and Optical Diagnostics in Liquid by High Voltage Pulse

System

PARK Ji hoon, HONG Young june1, KIM Yong hee, PARK Bong sang2, JEON Su nam2, CHOI Eun ha3
Depatrment of Electrophysics, Kwangwoon University. 1Korea Atomic Energy Research Institute. 2PDP Research Center,
Kwangwoon University. 3Department of Electrophysics, Kwangwoon University.
Property of plasma generation and optical diagnostics in liquid are studied by making use of Marx generator. The Marx
generator has been consisted of 5 stages, where each charging capacitor is 0.5 μF, to generate a high voltage pulse with 1 μs
rising time. We have applied an input voltage of 6 kV to the capacitors of 0.5 μF. High voltage plasma has been generated by a
single pulsed operation inside polycarbonate tube, where the Marx generator output voltage is measured by 20 kV and current
of 200A, respectively. We have made use of tungsten pin electrode of anode-cathode, which are immersed into the liquids. We
have generated the plasma in high voltage pulse system and investigated an emitted hydrogen line for optical plasma
diagnostics. The emission line of H-α of 656.3 nm and H-β of 486.1 nm were measured with a monochromator. If we assumed
that the focused plasma regions satisfy the local thermodynamic equilibrium conditions, the electron temperature and density
of the high voltage pulsed plasma in liquid could be obtained by the Stark broadening of optical emission spectroscopy. Our
results show that the electron density is 3×10¹³ cm‐ and the electron temperature is about 2.5 eV, respectively.
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Generation of OH Radicals by using Hydrogen Peroxide in underwater Capillary Discharge

AHMED MUHAMMAD WAQAR
JEJU NATIONAL UNIVERSITY, DEPT. OF NUCLEAR AND ENERGY ENGINEERING.
This experiment is performed to introduce an easy way of generating OH radicals in underwater capillary discharge tube by
using negative half of DC. These OH radicals are used for disinfection of water whereas H2O2 served as main source of
generating OH radicals. The plasma in the water is formed by tungsten electrodes which are inserted in capillary tube having
flowing water. The efficiency of the generation of OH radicals has been studied that depends upon the amount of Hydrogen
peroxide in capillary, size of capillary ,breakdown voltage, interelectrodes gap and flow rate of water through the capillary
tube. The bubbles generated in water played a vital role in quick breakdown and plasma generation. This plasma generated
inside the capillary tube between the two electrodes causes the water dissociation that mainly produces the atomic oxygen,
atomic hydrogen and OH radicals and other plasma species. The experimentally obtained oscillograms of current, voltage,
emission and absorption spectrum of generated species especially OH radicals has been reported. The images taken by thermal
video system that indicates the different regions and shapes of discharge has been presented. The difference of flow out of
water in case when no plasma is generated to the case when plasma is generated between the two electrodes is also reported.

P4-H061

Microwave Plasma Torch Abatement of NF3

KANG Min Ho, NA Young Ho, UHM Han Sup
Department of Electrophysics, Kwangwoon University.
Fluorinated compounds (FCs) are essential to the semiconductor manufacturing process for plasma chamber cleaning and
plasma etching. Because FCs have extremely long atmospheric lifetimes and are strong infrared absorbers, efforts have been
undertaken to identify methods to reduce atmospheric emissions. Many methods for FC abatement have been suggested, such
as wet and burning scrubber, and low pressure plasma device. In this work, an atmospheric pressure microwave plasma torch
as a new method for PFC abatement was presented. Detailed experiments were conducted on abatement of NF3 in terms of
destruction and removal efficiency (DRE) using Fourier Transform Infrared(FTIR). Swirl gas, compressed air, for stable
plasma was injected with main mixture of N2, NF3 and Brown gas as an additive gas into the microwave plasma torch.
Destruction and removal efficiencies of up to 99.1% for NF3 were achieved without an additive gas by applying microwave
powers from 0.9 to 1.8 kW. Experimental results indicate that the microwave plasma abatement device for PFC destruction can
successfully eliminate FCs in the semiconductor industry
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Heat Flux of PFC during 2010~2012 KSTAR Campaign

BANG Eunnam, HONG Sukho, KIM Kyungmin, KIM Hongtack, KIM
Hakkun, LEE Kunsu, YANG H.Y.
NFRI.
The heat load during the long pulse and steady state plasma operation
is critical for the future fusion reactor. We have monitored the
temperature of PFCs by 200 sensors (one sensor per tile) at different
toroidal and poloidal positions, and the heat flux has been estimated for
high current and long pulse plasma operation. KSTAR has achieved a
plasma current up to 700kA and plasma duration up to 6.7 seconds Hmode in 2010 campaign and the average heat flux was about 0.01
MW/m2. The heat flux in 2011 campaign with 12 seconds pulse duration
and 630kA plasma current was 0.02MW/m2. When the in-vessel cryo
pump(IVCP) was operated, the heat flux of central divertor is higher
than that without IVCP. And the more the H-mode duration is, the higher the heat flux on divertor is. KSTAR has achieved a
pulse duration of H-mode up to 16.5 seconds in 2012 campaign. The heat flux was about 0.032MW/m2. These results indicate
clearly the increase of heat flux towards PFCs as the input power increases campaign by campaign and effect of IVCP.

P4-H063*

Comparative study of argon/helium slit-type microwave atmospheric preassure plasma

devices

,

,
,
,
.
Interest in the bio-medical applications of atmospheric pressure plasma
(APP), such as, sterilization, tooth whitening and coagulation is
increasing rapidly. Especially, drug/cosmetic agent absorption rate
increment of skin after plasma treatment was proved. Atmospheric
pressure plasma sources can be operated with a wide range of driving
frequencies, ranging from, DC to microwave frequencies. Although
various kinds of frequencies can be used for the development of a new
APP device, however, microwave induced atmospheric pressure plasma (M-APP) has shown advantages over the low
frequency induced plasmas such as in safety due to low breakdown voltage and plasma temperature, and effectiveness due to
abundance of active plasma agents. A new type of microwave-excited atmospheric pressure plasma source, based on the
principle of parallel plate transmission line resonator, is developed for the treatment of large areas such as skin treatment and
wound healing. We call it slit device. In this study, modified version of slit devices is used. Stable 30 mm width plasma was
generated with less than 15W of power at 1.2 GHz and 1 slm (standard liter per minute) of gas flow. Comparative study was
conducted between argon and helium carrier gas, which are most famous gases for atmospheric pressure plasma. Helium
shows much better uniformity than argon case. But argon shows thicker plasma. Measurement of plasma characteristics like
plasma temperature, plasma density, plasma uniformity and optical spectrum analysis was conducted to elucidate the physical
differences between argon and helium slit devices. Finally, Slit devices with two different carrier gas was applied on the mouse
skin to compare the effectiveness of drug/cosmetic agents absorption rate increment.
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P4-H064

2013.04.24-26, 대전컨벤션센터

Abnormally High Electron Heating in Pulsed Radio Frequency Atmospheric Microplasmas

,

,
,
,
,
.
The abnormal electron heating in pulsed radio frequency atmospheric microplasmas1–3 was investigated using particle-in-cell
simulation4 with Monte Carlo collision. In this study, additional high electron heating takes place only during the first period
of ignition phase at the retreating sheath edge in the pulsed microplasmas. This additional electron heating is induced by the
formation of a field-enhanced region at the retreating sheath edge. While in continuous power mode heating at the retreating
sheath edge is accompanied by a strong field reversal as in the case of low-pressure, in pulsed power mode no field reversal is
observed. Instead, a region of enhanced electric field without changes in field polarity is formed. At low pressure, electrons
can diffuse fast enough to follow the retreating sheath. In contrast, at atmospheric pressure, frequent collisions prevent
electrons from diffusing fast enough. As a result, during the first period of ignition phase, electrons are not able to follow the
abrupt retreating sheath edge merely by diffusion, and self-consistent electric field builds up to drive electrons by accelerating
them toward the electrode to follow the abrupt retreating sheath edge. Because of this abnormally high electron heating in the
pulsed microplasmas, the relative portion of energetic electrons (ε > 4 eV) usable for tailoring the surface chemistry in
atmospheric microplasmas increases significantly. Especially, the high-energy electrons (ε > 50 eV) on the electrode can be
produced by this abnormal electron heating only at the first period of ignition phase. References [1] F. Iza, J. K. Lee, and M.
G. Kong, Phys. Rev. Lett. 99, 075004 (2007). [2] H. C. Kwon, I. H. Won, and J. K. Lee, Appl. Phys. Lett. 100, 183702
2012). [3] H. C. Kwon, et al., Phys. Plasmas 20, 023506 (2013) [4] H. C. Kim and J.K. Lee, Phys. Rev. Lett. 93, 085003
(2004); G. Y. Park, et al., Phys. Rev. Lett. 98, 085003 (2007).

P4-H065

Electrical and structural properties of Al-doped zinc oxide films

LEE Bong Ju, JEONG Jin
Department of Physics, Chosun University.
In the X-ray diffraction patterns of the AZO thin films, the (002)/(103) peak intensity ratio tended to decrease as the gas flow
rate increased from 7 to 21 sccm. The X-ray photoelectron spectroscope measurement the O1S spectrum was composed of two
components at 530 and 532 eV. The lower binding energy is considered to be due to a metal peak. The 532 eV binding energy
can most likely be attributed to O in the ZnO phase. Two peak area ratio (530/532) values had stoichiometric composition and
deceased with increasing gas flow rate for 450(7), 350(7), 350(14) and 350(21).
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2013.04.24-26, 대전컨벤션센터

A STUDY OF ABNORMAL GRAIN GROWTH FOR SnO2 THIN FILMS

JEONG Jin, LEE Bong Ju
Department of Physics, Chosun University.
SnO2 thin films were grown on Si substrate using the chemical vapor deposition method. The surface morphology of the thin
film was examined using a High-Resolution Transmission Electron Microscope (HR TEM). According to the experimental
results, the thin film grew mostly as a structure column, but some parts of the cross section were observed to have atypical
shaped grains and atypical columnar structures.
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2013.04.24-26, 대전컨벤션센터

Ultrashort pulse propagation and second harmonic generation in photonic structures

OOI C. H. Raymond
Department of Physics, University of Malaya, 50603 Kuala Lumpur, Malaysia.
We study the propagation and second harmonic generation of ultrashort pulse in one dimensional photonic crystal using a
combination of Fourier transform and transfer matrix method. The reflection and transmission of fundamental pump pulse and
second harmonic pulse in frequency and time domains are computed for layers with dispersive materials near the resonant
frequency. Interesting features include output pump and second harmonic pulses that can be strongly modulated and the
transmitted pulses being delayed by slow light effect.

IG-02
,

Optical and structural properties of plasma-treated fungal spores
,

,
.
Recently, there has been much interest on the plasma treatment effect of
biological materials. Among various biomaterials, microbial cells have
received considerable attention in multidisciplinary research
groups. Several research groups have explored the biological,
biomedical, optical, and structural properties of Neurospora crassa (N.
crassa). In this research, we studied the plasma treatment effects on the
optical/structural properties of the fungal spores of N. crassa.
Nonthermal plasma was used to investigate the plasma treatment effect
on the N. crassa. The optical/structural properties of plasma-treated N.
crassa were investigated by Raman spectroscopy and circular dichroism
spectroscopy. The Raman spectrum of untreated N. crassa exhibited
three peaks at 1005.7, 1157.3, and 1519.1cm-1. These Raman
components are attributed to beta-carotene in cellular membrane of N.
crassa. After plasma treatment, the 1519.1cm-1 Raman scattering intensity decreased. This is due to the destruction of double
bonds in beta-carotene caused by the reactive species of plasma. The conformations of N. crassa before and after plasma
treatment were also investigated by circular dichroism (CD) spectroscopy. Especially, this research focused on the plasma
treatment effects on the surface structure and cellular organelles of N. crassa. We discuss the correlation between the plasma
treatment conditions and the Raman/CD spectra of N. crassa.
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IG-03

2013.04.24-26, 대전컨벤션센터

Epsilon-Near-Zero Subwavelength Optoelectronics

,
.
We report a new type of optical strong coupling between a planar gold
metamaterial layer and an ultra-thin epsilon-near-zero (ENZ) layer made
of a doped semiconductor. The ENZ frequency can be tuned in a wide
range of infrared frequencies by controlling the doping density. This
novel strong coupling can be also tuned by electrically depleting the
doped semiconductor layer, which effectively reduces the ENZ layer
thickness. The infrared spectral range is technologically important for a
variety of applications, including chemical sensing and thermal imaging.
Therefore, we expect that this electrically tunable strong coupling can
find exciting, new applications for chip-scale active infrared devices.

IG-04

Polarization Effects on Phase-shift Anomaly in Sub-wavelength Diffraction

1,
,
KAIST,
. 1
,
.
Phase shift anomalies in sub-wavelength slit and aperture diffraction are
considered both theoretically and experimentally. Wave diffraction
phenomenon from a sub-wavelength-scale slit or aperture is
substantially different from that from an ordinary slit or aperture,
because scalar diffraction theory fails. As a result, the conventional 90°
phase advance of diffracted waves in the far-field region, known as the
Gouy phase shift, is not valid for sub-wavelength diffraction
phenomena. Experimental verification carried out by terahertz timedomain phase measurement reveals that electromagnetic waves
polarized perpendicular to a sub-wavelength slit transmit with reduced
phase advancement. On the other hand, ones with parallel polarization
with respect to the slit transmit with additional phase advancement.

,
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IG-05

2013.04.24-26, 대전컨벤션센터

Effective medium thoery for resonant plasmonic systems via dressed polarizability

YOO SeokJae, PARK Q-Han
Department of Physics, Korea University.
Plasmonic metal nanoparticles have been of considerable interest due
to their local plasmonic resonance behavior and the ability to control
macroscopic optical properties. Effective medium theory provides a
simple description of optical properties that can be used for the
tunability of plasmonic nanoparticle systems. The Maxwell-Garnett
effective medium theory, however, is valid only for dilute systems and
also for the off-resonant spectral region[1,2]. This limits the application
of effective medium theory to dense plasmonic nanoparticle systems thereby failing to characterize most interesting cases of
nanoparticle systems. We present a modified effective medium theory for resonant plasmonic nanoparticle systems and show
that it describes resonant spectral behaviors successfully. We do so by introducing a notion of dressed polarizability to include
the effect of plasmonic interactions between nanoparticles for highly-concentrated nanoparticle systems[3]. Fig. 1 illustrates
excellent agreements between predictions of our theory and the electromagnetic simulation using the Finite-Difference TimeDomain(FDTD) method. Anisotropic effective medium description, which Maxwell-Garnett theory cannot provide, is also
given by our effective medium theory. [1] T. Choy, Effective Medium Theory: Principles and Applications, Oxford University
Press: London (1999).[2] R. Ruppin, Physica Status Solidi (b). 87, 619 (1978).[3] S. Yoo, and Q-H. Optics Express. 20, 16480
(2012).
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IG-07
.
We investigated the basic conservation laws in partially coherent wave fields. The conservation laws include energy,
momentum, and angular momentum. We hope to apply these basic laws to trap particles in a confined region.

IG-08
,

Experimental Study of Microwave Resonances for λ/400 Slot Antennas
,

.
We studied resonance behaviors of hand-made ultrathin slot antennas in
microwave regime. We attached 17- μm-thick aluminum foil to 2-mmthick styrofoam board and made slots on the aluminum with a razor
blade. The slot width of single cut is approximately 50 μm and this
width is ~400 times smaller than the wavelength we considered. We
measured transmission of samples between two pyramidal horn antennas
in an anechoic chamber connected to a network analyzer. Experimental results agree well with previous studies of ultrathin
resonators in different frequency regime, the terahertz range. The intensity enhancement of 40,000 estimated by Kirchhoff
integral formalism is consistent with theoretical calculations based on modal expansion. Our results present a simple and quick
method to study deep subwavelength structure and design free-space devices such as frequency selective surfaces,
metamaterials, etc.
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2013.04.24-26, 대전컨벤션센터

Magnetic scattering of light from a single rectangular hole

KIM Dai-Sik, LEE Dukhyung, BAHK Young-Mi, HAN Sanghoon1,
RHIE Ji Yeah, AHN Jae Sung, KANG Taehee
. 1
.
Scattering from a subwavelength rectangular hole is investigated using
almost grazing beam to see effect of magnetic field and electric field
almost separately. Comparison between 4 situations having different
polarization and rectangle orientation indicate that scattering is
dominated by magnetic field along the long axis of rectangle. Peanutshape of polar plot about rectangle orientation shows this more clearly.
Polarization change of scattered light to short axis of rectangle
consistent to this dominance. This dominance is enhanced for large
aspect ratio and observed for various wavelengths. We also measure the
response of the rectangular holes to standing wave to separate normal and tangential field components. We see maxima from
only tangential components implying different scattering pattern between normal and tangential field components.

IG-10
,
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,

,

,
.
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Large-scale Integration of Photonic Crystal Waveguides and Drop-filters
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,
,

.

Fiberized light emission device with quantum dot solution

HWANG ji hyun, KIM Jongki, PARK Jiyoung, OH Kyunghwan
,
.
In previous arts, lasers and light emitting devices have been developed
with liquid as a gain medium. However, their works could not perfectly
solve the problems that the liquid gain medium has characteristics of
toxicity, short lifetime, and huge volume. Our study tried to see the
possibility of the fiberized device that has advantages of compact size,
low cost, and flexibility, while using liquid as a gain medium which
would provide differentiated properties from the solid gain materials.
The previous studies on liquid core fibers had difficulties in treating liquid materials because it is easily evaporated and
bubbles can be occurred by fusion splicing, which disturb the propagation of light.Our experiment reports a new method that
easily deals with liquid within a fiberized system composed of two main parts. Firstly, we came up with a new reservoir
structure continuously supplying liquid sample to prevent liquid from being evaporated. Second part is the tapered optical fiber
that helps the input light guide to liquid core without scattering and prevents bubble occurrence that could be made by fusion
splicing. This structure will be sufficiently applied to other fields of study and be used to connect between fibers instead of
splicing.
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2013.04.24-26, 대전컨벤션센터

Improved Simulation of Computer-Generated Holograms by Applying a Variety of Factors

,
,
KAIST, Department of Physics.
Holography is a diffraction-based coherent imaging technique and computer-generated holograms (CGH's) became feasible as
computer technology has been developed. A spatial light modulator (SLM) is a device that is used to modulate amplitude and
phase of light waves. So it is used for reconstructing the CGH's. However, an SLM is not perfect and has defects such as the
non-linear phase modulation, unwanted amplitude modulations and a fill factor less than 100 %. Also there are experimental
errors and one of them is due to a laser which doesn't have an ideal Gaussian beam profile. By applying such factors into the
simulations, we can match the result of both experiment and simulation each other and analyze it in more sophisticated
manner.
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2013.04.24-26, 대전컨벤션센터

Reconstruction of the light wavefront using oversampling phase retrieval algorithm

LEE A Young, KIM Yoonhee, KIM Chan1, NOH Do Young1
School of Materials Science and Engineering, Gwangju Institute of Science and Technology, 123 Cheomdan-gwagiro, Buk-gu,
Gwangju 500-712, Korea. 1Department of Physics and Photon Science, Gwangju Institute of Science and Technology, 123
Cheomdan-gwagiro, Buk-gu, Gwangju 500-712, Korea.
Oversampling phase retrieval algorithms used in coherent diffraction imaging (CDI) allow one to retrieve quantitative phase
& amplitude of a wavefront from the corresponding far field diffraction pattern. In this experiment, we obtained the
wavefronts of laser light field propagating through a hole at various places in the Fresnel region using the CDI phase retrieval
algorithm. Quantitative phase and amplitude information in the Fresnel region can be used to improve imaging qualities of
various optical microscopy techniques.
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2013.04.24-26, 대전컨벤션센터

Rigorous Coupled-Wave Theory on a Beam Combination using a Volume Bragg Grating

KONG Hong Jin, PARK Sangwoo
KAIST,
.
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2013.04.24-26, 대전컨벤션센터

Near field enhancement of electric field by finite-numbered non-periodic slits in metal

LEE Seojoo
Korea University, Department of Physics.
Strongly induced local electric fields near sub-wavelength apertures in
metals have received a great interest in recent years. The enhancement
can be mainly accompanied with surface charge oscillation induced by
incident light which is effectively yielding a capacitive enhancement.
However, two typical interferences are also important for the
enhancement. One is Fabry-Perot-like resonance of fundamental aperture modes, which can be supported when certain
boundary conditions are given. In single-slit case, the resonance appears when the thickness of the slit is about halfwavelength. The other is interference of evanescent surface-waves in multiple-aperture system, which means interference of
each apertures and plays an important role in extraordinary transmission of light through periodic apertures in metallic film.
This interference of evanescent surface waves is also valid in finite number of apertures and is a key point for understanding
local-field profiles of finite-numbered aperture system. Here, we show that, in finite slits such as two- or three-slit system,
there can be extraordinarily strong local enhancements of electric field. Rigorous diffraction theory reveals that, unlike the
single slit case, local electric field can be enhanced by the interference of evanescent surface waves, and can be extraordinarily
enhance by combining surface-wave resonance with the Fabry-Perot resonance. We also show that two-slit system with
slightly different widths can support a strong Fano-like resonance whereas the system with same widths produces a resonance
similar to that of single slit system, and we confirm the validity of our analytic theory by using Finite-Difference TimeDomain (FDTD) method.
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2013.04.24-26, 대전컨벤션센터

Terahertz optical properties of Minerals and Mineral compounds

HAN Daehoon, LEE Kanghee, LIM Jongseok, AHN Jaewook
KAIST, Department of Physics.
Terahertz time domain spectroscopy (THz-TDS) probes the transmission and absorption properties of natural minerals and
mineral compounds. Optical constants in THz frequency range (0.2 - 1.0 THz) including the refractive indices and absorption
coefficients of the probed samples were obtained by comparing the reference and transmitted THz signals through the samples.
The results deduced from the measurement can be summarized as following: (1) The quartz weight percentage plays a crucial
role in determining the refractive indices of mineral compounds, showing a linear relationship between them. (2) The
refractive index of mineral compounds can be obtained as an algebraic weighted sum of the refractive indices of the
constituent minerals, with minor deviation explained by the grain size contribution. Some natural mineral compound in
particular dolomite exhibit a rather flat index of refraction throughout the measured THz frequency range with small
absorption coefficient, promising possible application of these materials for optical components in THz frequency range.
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Design of a Parabolic mirror condenser for a Hear storage system
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Fiber-based two beam combination using locking of optical coherence by single detector
electronic tagging (LOCSET) technology

KONG HONG JIN, AHN HEE KYUNG, PARK SANG WOO, JEON BYOUNG GOO
KAIST, Department of Physics.
Coherent Beam Combination(CBC) which has been broadly adopted to obtain high power energy can be classified as 3 main
methods according to their phase locking set-up: heterodyne phase locking, Stochastic Parallel Gradient Descent (SPGD)
algorithm, and Locking of Optical coherence by Single-detector Electronic Tagging (LOCSET). In recent years, many
researchers have put high attentions on the LOCSET technique among them and have employed it for CBC because of its high
performance and cost-effectiveness with use of single detector. Although their experiments achieved good achievements in
terms of high power and phase-stability in fiber-based beam combination, there's no attempt using it in beam combinations
with solid-state lasers. Our final goal is to combine several bulk lasers with high power through LOCSET technique in order to
get high energy with high phase stability. In this paper, a preceding experiment combining two fiber beams and its result are
presented, which would be foundation of combining and controlling solid-state lasers.
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Deposition of MoS2 onto Fiber End-faces by using High Power Fiber Laser

KHAZAEINEZHAD Reza, HOSSEINZADEH KASSANI Sahar, NAZARI Tavakol, KIM Jongki, CHOI Kyujin, KIM Jae
Hoon, OH Kyunghwan
.
For the first time, we successfully demonstrated the feasibility of using the optical deposition method for Molybdenum
Disulfide on fiber end-faces; which is an effective approach to deposit MoS2 directly onto optical fiber relying on a
combination of optical trapping and heat convention effects. The deposition was done by a 1552nm fiber laser. The results
obtained by SEM shows that the core area of the fiber was completely covered by MoS2.
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Enhancement of visible emission by Infrared laser excitation in Atmospheric-Pressure

Microplasma jet

HOSSEINZADEH KASSANI Sahar, KHAZAEINEZHAD Reza, NAZARI Tavakol, LEE Chan Young, CHOE Wonho, OH
Kyunghwan
Yonsei University, Physics department.
Atmospheric pressure micro plasma jet is generated using helium as the operating gas and the flexible hollow optical fiber as
a glass capillary. It is found that the emission spectrum of the generated plasma is dominated by the presence of excited
nitrogen, helium, and nitrogen ions. We observed an emission enhancement at the wavelength of 615nm in the intersection of
the plasma plume and an infrared laser beam.
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P4-I026*

Effect of laser pulse duration on the laser-induced breakdown detection of nanoparticles in
aqueous solution

1,
1,
,
Department of Physics and Photon Science, GIST. 1Nuclear Chemistry Research Division, KAERI.
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P4-I029

Luminous Efficiency in Phosphor-Converted White-light-emitting Diodes Fabricated Using
Open Remote Method

BARK Minyoung, HAN Sangwook, JEONG Junho
Dong-A University, Department of Materials Physics.
White light-emitting diodes (WLEDs) are expected in the near future to replace the incandescent and fluorescent lamps
currently used widely for lighting owing to their low electric power consumption, long lifetime, and no use of mercury. By
using the open remote method, phosphor-converted white-light-emitting diodes (WLEDs) were fabricated according to
distance between the blue chip and phosphor layer to examine the effect of blue lights penetrating through the annular gaps
between the phosphor layer and reflector cup walls. The separation distance between the blue LED chip and phosphor layer
was varied to examine the effects of blue lights penetrating through the annular gaps between the phosphor layer edge and
reflector cup walls on the luminous efficiency of the WLED. From this experiment, the optical and electrical properties of the
high power WLED made by the open remote method and the slurry method according to the separation distance between the
blue LED chip and phosphor layer will be reported.
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P4-I031*

Switchable dual wavelength erbium-doped fiber laser with ultra wide switching range
covered in C-and L-band
,

,
,
.
We propose a switchable dual wavelength erbium-doped fiber laser (EDFL) based on a polarization-dependent surface longperiod grating (SLPG) inscribed in a D-shaped fiber with a wide operation range of ~80 nm covering both C-and L-band. The
proposed EDFL has the parallel-connected structure of the C-and L-band ring cavities using C/L band combiner and two FBGs
as the wavelength selective elements in C-and L-band. Since the SLPG with strong polarization dependence was exploited to
be a lasing wavelength selective element within the laser cavity, the switching performance of the proposed dual wavelength
fiber laser in C- and L-bands could be realized. An extinction ratio of the proposed dual wavelength laser was measured to be
45 dB and the power fluctuation was less than 1 dB. The bandwidth of the lasing output was measured to be 0.2 nm. The
switching response time was less than 270 ms. We believed that the proposed switchable dual wavelength EDFL with a wide
operation range covered in C- and L-band is promising for optical communication applications.
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Polarization Dependence Enhanced Optical Transmission through Polygonal Plasmonic

Apertures

NAZARI tavakol, HOSSEINZADEH KASSANI Sahar, KHAZAEINEZHAD Reza, OH Kyunghwan
.
We investigated enhanced optical transmission (EOT) through polygonal aperture surrounded by polygonal grooves, to find
its unique strong polarization dependence, and effects of symmetry. Effects of polarization of incident light through three types
of grooves were numerically studied for hexagonal, linear segmented, and two-angled segmented shape grooves on silver film
by using Finite-Difference Time-Domain (FDTD). The polarization directed along the grooves showed a several times larger
EOT. We found a strong polarization dependence on EOT in the segmented groove structures such that more than 10 times
larger transmission is expected for the light polarization whose direction is aligned along the segment symmetry axis.
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Long Working Distance Thermal Lensing Imaging _ a Feasibility Study

JUNG SeokHyun, KIM Soo Yong, KIM Sok Won1, KAO Fu-Jen2
KAIST, Department of physics. 1University of Ulsan, Department of physics. 2Yang-Ming University, Institute of
Biophotonics.
We present here a thermal lensing (TL) based imaging scheme that is using the pump-probe configuration. Two beams, with
wavelengths at 532 nm and 632.8 nm, serve as the excitation and the probe light sources in our optical setup, respectively. TL
effect is readily detected with confocal configuration. Most importantly, due to the thermal or temperature gradient, as a result
of the diffusive nature of heat, TL is inherently nonlinear in power dependence, which would facilitate 3D optical sectioning at
low and cw incident power. Additionally, the long working distance imaging capacity is realized by the coherent nature of the
probe beam. We have characterized the TL signal as well as the 3D sectioning capacity in this work. The absorption based TL
imaging is high performance, compact, and cost effective.
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Development of 1- kHz High-order Harmonic Soft X-ray Source for Coherent Diffraction

Imaging

SON Joon-Gon, IQBAL Mazhar, SEO Okkyun1, CHOI Jungwon1, KIM Hyung Taek2, KANG Hyon Chol3, NOH Do Young
Department of Physics and Photon Science, GIST, Gwangju, Korea. 1School of Materials Science and Engineering, GIST,
Gwangju, Korea. 2Ultra-Intense Laser Laboratory, Advanced Photonics Research Institute, GIST, Korea. 3Department of
Advanced Materials Engineering, Chosun University, Gwangju, Korea.
Soft x-ray source has been developed by focusing intense 1 kHz femtosecond-pulsed laser on argon. Intense soft x-rays of
4.0*109 photons per pulse at around 30 nm was obtained with conversion efficiency of 4.4*10-6. Characteristics of high-order
harmonic soft x-ray were analyzed by measuring far field distribution and double slit experiment in the wavelength range from
about 24 nm to 35 nm. By using the high-order harmonic generation (HHG) soft x-ray source, the coherent diffraction pattern
of a mesh (2,000 lines/inch) was observed. The diffraction pattern was used to reconstruct the sample image.
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Period-doubled states of superfluid Fermi gases in optical lattices along the BCS-BEC

crossover

WATANABE Gentaro, YOON Sukjin1, DALFOVO Franco2,
NAKATSUKASA Takashi3
APCTP, POSTECH, RIKEN. 1APCTP. 2University of Trento. 3RIKEN.
Density wave is one of the fundamental phenomena in condensed matter physics. In Bose-Einstein condensates (BECs) in a
periodic potential, nonlinearity of the interaction term gives rise to stationary states whose period does not coincide with that of
the external potential; instead , a multiple of it [1]. Unlike the case of BECs, little has been studied about period-doubles states
in superfluid Fermi gases. Superfluid Fermi gases in the BCS-BEC crossover provide a very intriguing question of how perioddouble states evolve between the BCS and BEC limits. We consider ultracold superfluid Fermi gases in the BCS-BEC crossover
flowing through a one-dimensional (1D) optical lattice, Vext(z) ≡ V0sin2qBz, where V0 is the lattice strength, qB ≡ π/d is the
Bragg wave vector, and d is the lattice constant. In the transverse directions, the system is uniform. We approach the problem by
numerical simulation based on the Bogoliubov-de Gennes (BdG) equations. We found that the period-doubled state can be
energetically favorable compared to the normal Bloch states in the BCS side. This is in sharp contrast to the situation of the
period-doubled states in BECs. Going to the deep BCS regime, the period-doubling nature is mainly possessed by the pairing
field, which decreases to zero. We thus speculate that our period-doubled states emerge due to the superfluidity. [1] M.
Machholm, A. Nicolin, C. J. Pethick, and H. Smith, Phys. Rev. A 69, 043604 (2004)
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JG-03( ) Non-universal properties in collisions of ultracold Li2 Feshbach molecules
HEO Myoung-Sun, WANG Tout1, KETTERLE Wolfgang1
KRISS. 1MIT.
We first report a significant deviation in collisions of 6Li2 Feshbach molecules from universal theory based on long-range van
der Waals interactions. Closed-channel ultracold molecules of Li2 are magnetically associated around a narrow Feshbach
resonance at 543G. We investigate two-body collisions by measuring decay rates between molecules or between atoms and
molecules. Decay rates for Li2+Li2 and Li2+23Na are in good agreements with predictions from universal model of ultracold
collisions. For the rate of Li2+Li, on the other hand, its upper bound is ten times smaller than the universal prediction. While it
is not fully resolved quantitatively, this exceptional discrepancy can be explained considering the low density of available decay
states in systems of light atoms [G. Quemener, J.-M. Launay, and P. Honvault, Phys. Rev. A 75,050701 (2007)], for which such
collisions have not been studied before.

JG-04
,

,

Detection of quantized vortices in a 2D Bose gas

,
,
.
The superfluid phase transition in a two-dimensional system occurs via pairing of vortices with opposite circulation, which is
known as the Berezinskii-Kosterlitz-Thouless mechanism. Therefore, in order to study the 2D superfluid phase transition, it is
critically required to detect vortices in the system. In this talk, we present new experimental methods for detecting quantized
vortices in a 2D Bose gas. First, we investigate the applicability of the conventional vortex-detection method to a 2D sample,
where one simply releases trapping potentials. We observed radially expanding, ring-shaped density ripples in perturbed 2D
samples, which we found to be consistent with our numerical simulation for freely expanding vortices. To improve the visibility
of the vortices, we developed a new technique where we apply a radial compression to the sample before releasing the trap. This
compression transforms the 2D sample into an oblate 3D sample, restoring the favorable condition for the vortex detection. We
observed clear density depletions in the sample and could measure the spatial distribution of thermal vortices in the 2D sample
for the first time.
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RF Spectroscopy of Optically Trapped Lithium: Magic Polarization
,

.
We have proposed the way to eliminate the different ac-Stark shift for a
ground-hyperfine transition of an alkali metal atom in an optical trap by
using a special polarization: magic polarization. An alkali metal atom in
ground state |nS1/2, F> experiences different ac-Stark shifts depending on
F due to the difference in detuning. The scalar polarizability α leads to a
mF-independent shift with magnetic quantum mF. In addition, a vector polarizability β leads to a shift proportional to mF.
Furthermore, the β-induced shift depends on the ellipticity of the trap beam. When a trap beam with a special polarization is
used, the differential ac-Stark shift due to the detuning difference can be compensated by the β-induced shift owing to the
opposite sign of a vector polarizability β between ground states. We are carrying out the first experiment using lithium atoms on
account of the tight tolerance related to the polarization control. In this work, we can achieve a sub-two Hz. spectrum in Rabi
spectroscopy and about 500 ms coherence time in Ramsey spectroscopy.

JG-06( ) Sub-Poissonian, anti-bunched beam of light out of an optical cavity pumped by a Poissonian
beam of atoms
CHOUGH Young-Tak
/
.
We introduce a cavity-QED method of creating a highly nonclassical anti-bunched beam of photons emitted from an optical
cavity in a CW form. The physical system is the so called atomic beam pumped microlaser (or micromaser), a high
finesse optial cavity pumped by a thermal beam of two-state atoms launched into the cavity initially prepared in the excited
state. We find that the Mandel-Q parameter of the cavity field so constructed varies sort of periodically as the atomic beam flux
increases, at times going down to as low as Q = -0.6. We also find that the fluctuation of the cavity emission rate is almost
precisely synchronized with that of the intracavity photon number. So we feed the information we obtain from the cavity
emission back to the atomic beam flux in the fashion that, when the emission rate spikes over a certain level, the atomic flux is
immediately shut off and when the cavity emission jumps down to a certain level, the atomic flux is quickly raised to a certain
level. As a result we obtain a cavity field whose Mandel-Q is almost constantly kept even lower than -0.9 while the output
photons emitted in a continuous-wave form from the cavity clearly reveals the phenomenon of photon anti-bunching.
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2013.04.24-26, 대전컨벤션센터

A Coherent View on Entropy

.
Informational entropy is often identified as physical entropy. This is surprising because the two quantities are differently
defined and furthermore the former is a subjective quantity while the latter is an objective one. We describe the problems and
then present a possible view that reconciles the two entropies. Informational entropy of a system is interpreted as physical
entropy of a whole composed of both the system and ``memories" containing information about the system.

JG-10

Quantum Measurement Postulate and Special Relativity

CHOI Taeseung, HAN Yeong Deok1
Seoul Women's University. 1Woosuk University.
We have shown the relativity of simulataneity is sufficient condition for no-signaling principle. The relativity of simulataneity
derives Born rule from the generalized quantum measuement postulate.
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Emerging beam resonance of He2

, ZHANG Weiqing1, SCHÖLLKOPF Wieland1
Ulsan National Institute of Science and Technology, School of Nano-Bio
Scinece and Chemical Engineering. 1Fritz Haber Institute of Max Planck
Society, Molecular Physics Department.
The term emerging beam resonance, well known as Rayleigh-Wood
anomaly and threshold resonance in photon and electron diffraction,
respectively, refers to a general wave diffraction phenomenon that occurs
in coherent scattering from a periodic surface. The effect is revealed by
abrupt intensity variations of outgoing diffraction beams which occur
when conditions (i.e. wavelength and incidence angle) are such that
another diffracted beam just emerges parallel to the surface. Recently, we
observed emerging beam resonances with helium atoms diffracted by a
reflection grating [1]. The helium dimer, bound by the weak van der
Waals attraction between two helium atoms, is the most fragile groundstate diatomic molecule. Its tiny dissociation energy of 10-7 eV comes
along with a large mean internuclear separation of more than 5 nm. Here,
we report emerging beam resonances observed for helium dimers scattering non-destructively from a reflection grating.
(figure) The observations imply that, for emerging beam conditions, dimers scatter at a grating groove/ridge unit, fly parallel to
the surface, and undergo secondary non-destructive scattering at another groove/ridge unit.[1] B.S. Zhao, G. Meijer, and W.
Schöllkopf, Phys. Rev. Lett. 104, 240404 (2010).

JG-12
Electric Fields

Ultrafast Coherent Control of Giant Oscillating Molecular Dipoles in the Presence of Static

CHANG Bo Young, SHIN Seokmin, SOLA Ignacio1
Dep. Chemistry Seoul National University. 1Dep. Physical Chemistry U. Complutense de Madrid.
In the present work, we use ultrashort laser pulses to prepare wave packets containing a quantum superposition of both
electronic and nuclear degrees of freedom, such that the motion of both electrons and nuclei is highly correlated and occurs in
the time-scale of the nuclear motion. We use the molecular hydrogen ion as benchmark. We show that we can create large
oscillating dipole moments, typically of the order of 20-40 debyes, whose amplitude and period can be controlled by means of a
strong static electric field. This has potential applications in controlling the reactivity of a molecule, which is greatly influenced
by the electronic density, and in generating electromagnetic radiation of specific frequencies. The control mechanism proposed
here is based on the specific properties of the dipole couplings induced by a static electric field on the molecular ion[1,2]. As the
internuclear separation between the atoms, R, increases, the dipole coupling between electronic states that dissociate on the
same products behaves as R. This property has been exploited by, e.g., Corkum et al. to ``freeze'' the nuclear motion by means
of strong laser fields[3], , and by others on oriented H2+ molecules to create a quantum superposition of electronic states that
leads to beating of the localized electronic density from one proton to the other[1,4]. Our proposal goes a step further, since we
induce a correlated electronic and nuclear motion in H2+ that efficiently locates the electron in the vicinity of one the protons and always the same proton- as the bond stretches and shrinks. The wave packet is initially generated by interaction with an
ultrashort pulse although, at variance with previous works, we use a strong static field to control the molecular potentials. To
track the wave packet dynamics we use a theoretical method that solves the time-dependent Schrödinger equation on a twoT. Seideman, M. Y. Ivanov, P. B. Corkum, Phys. Rev. Lett. 75, 2819 (1995).2.
C.
dimensional grid. References 1.
Wunderlich, H. Figger, T. W. Hänsch, Chem. Phys. Lett. 256, 43 (1996).3.
H. Niikura, D. M. Villeneuve, P. Corkum, Phys.
Rev. Lett. 92, 133002 (2004).4. G. Yudin, S. Chelkowski J. Itatani, A. Bandrauk, P. Corkum, Phys. Rev. A 72, 2 (2005).
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2013.04.24-26, 대전컨벤션센터

Electron Dynamics in Strong-Field Ionization of the Autoionization States of Helium

BYUN Chang Woo, CHOI Nark Nyul
Kumoh National Institute of Technology.
The helium atom has many autoionization states i.e., doubly excited states in which two electrons are excited. In contrast to
bound states, autoionization states have their own characteristic lifetimes with a femtosecond scale. We investigate the electron
dynamics to understand the effect of a strong femtosecond laser-field on the autoionizing states of the helium atom excited by
an attosecond pulse. The time-dependent Schroedinger equation is numerically integrated and the Bohmian trajectories are
obtained to for the purpose.

JG-14

Electron Dynamics in Strong-Field Ionization of the One-dimensional Helium Atom

LEE Min-Ho, CHOI Nark Nyul
Kumoh National Institute of Technology.
We review the recently proposed time-dependent quantum Monte Carlo (TDQMC) method by applying to the ground state
distribution and to the strong-field ionization dynamics of 1D Helium. We compare it with the exact quantum mechanical
results. The TDQMC uses the Bohmian trajectory ensemble, therefore the ionization dynamics can be seen throught
the quantum trajectories.
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Structural Modifications of Thymine Induced by Low Energy Electron Collision

PARK Yeunsoo, SANCHE Leon1, WAGNER J. Richard1
National Fusion Research Institute, Plasma Technology Research Center. 1University of Sherbrooke, Department of Nuclear
Medicine and Radiobiology.
The goal of this study is elucidate the mechanism of low energy electron-induced reactions in biomolecule such as DNA. Low
energy electrons (below 10 eV) are the most abundant among the radiolytic species generated along the high energy radiation
track in living cell. It has turned out that these secondary free electrons can create DNA damages such as base release, singleand double- strand breaks (SSB and DSB) at the very early stages of irradiation. We have explained these DNA damages
induced by low energy electron collision via dissociation after forming transient anion state, dissociative electron attachment
(DEA). But this is not all DNA damage induced by low energy electron collision because there are still many unknown peaks on
chromatogram when we analyze post-irradiation sample with high performance liquid chromatography (HPLC). To further find
out other types of DNA damages, nanoscale thin DNA films were irradiated by low energy electron and analyzed with HPLC
and liquid chromatography tandem mass spectrometer (LC MS/MS). It turned out that there are some structural alterations on
Thymine, 5,6-dihydrothymine (DHT), 5-(hydroxymethyl)uridine (HmdU), 5-(formylmethyl)uridine (FmdU). We suggest the
possible mechanism for these chemical modifications. But it needs further experimental and theoretical studies to clearly
illuminate the exact mechanism of DNA subunit’s modification in vivo.

JG-16( )

Improvement of Yb optical lattice clock at KRISS toward the uncertainty below 10-17

LEE Sangkyung, YU Dai-Hyuk, LEE Won-Kyu, PARK Sang Eon, LEE
Sang-Bum, MUN Jongchul, HEO Myoung-Sun, KWON Taeg Yong,
PARK Chang Yong
Korea Research Institute of Standards and Science.
An ytterbium optical lattice clock at Korea Research Institute of
Standards and Science (KRISS) has been developed and its systematic
uncertainty of 1.5*10-14 was reported. The major contributions of this
uncertainty came from the ac Stark shift of the optical lattice and the
collisional shift. In this presentation, we discuss a design and progress to
reduce the systematic uncertainty of the optical lattice clock. We expect
that a large volume build-up cavity for an optical lattice and a cryogenic
environment diminish the residual main effects of the uncertainty such as
the collisional shift and the black-body shift, respectively. Also a build-up
cavity enables reduction of the uncertainty from hyperpolarizability.
These promise highly precise optical clocks toward the system
uncertainty below 10-17
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Quantum Walk in Light Harvesting Complex

,
.
Photosynthesis is of great interest to researchers from a wide range of scientific fields as it forms one of the main sources of
energy for life on earth. In the initial stages of photosynthesis, light is captured by antenna molecules that are supported by a
protein scaffold of light-harvesting complexes (LHCs). A resulting electronic excitation produced by the light, known as an
exciton, is transferred through the molecules of a LHC to a reaction center, where a biochemical reaction is initiated using the
supplied energy. Recent spectroscopic studies have revealed the presence of quantum coherence between the electronic
excitations of the spatially separated molecules in LHCs. However, the role of quantum coherence in the efficient energy
transfer through antenna molecules has been unclear due to the presence of the energy-level mismatches between molecules. As
energy-level mismatches are likely to cause Anderson localization and to inhibit coherent transfer of excitation, it is important
to understand why LHCs evolve by maintaining such energy-level mismatches instead of eliminating them. Here, we discusss
the potential role of quantum coherence and energy-level mismatches in LHCs using the theory of open quantum systems. We
show that when antenna molecules are designed to interact with their environment in a shared way, they are able to maintain
their quantum coherence and even use it for achieving fast coherent energy transfer via quantum walk dynamics that are highly
robust to the energy-level mismatches between molecules.

JG-18( )

Searching for Time Symmetry Violation in Polar Molecules

LEE Jeongwon, LEANHARDT Aaron1
Korea Research Institute of Standards and Science. 1University of Michigan.
High precision measurement of the electron’s electric dipole moment (eEDM) can probe for both time and parity symmetry
violation effects. As various extensions of the Standard model give different predictions for these effects, the eEDM becomes a
powerful tool to study the physics beyond the Standard Model.We are currently developing an experiment to search for the
eEDM using the valence electrons in the 3Delta1 ground state of tungsten carbide (WC) molecules. Rovibrationally cold
molecular beam of WC was generated via pulse supersonic expansion, where we use laser induced fluorescence spectroscopy to
detect the molecules through [20.6]Omega=2, v’=4 <- 3Delta1, v” = 0 transition. The molecular flux and the internal
temperature of the beam were characterized, setting the limit of the statistical uncertainty of the eEDM experiment. The
hyperfine structure and the Omega-doublet of the transition are measured to estimate the size of the potential systematic
uncertainty of the experiment. With the given results, the overall prospect of an eEDM experiment with the 3Delta1 state of WC
molecule will be discussed.
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JG-19

Quantum Interference Control of Two-path Two-photon Transition in a Four-level
Diamond-confi guration Quantum System
LEE Han-Gyeol, KIM Hyosub, LIM Jongseok, AHN Jaewook
KAIST, Department of Physics.

JG-20
,

Development of Quantum Repeater based on Ion Trap Technology

,
,
,
SK
Quantum Tech. Lab.
One of the practical limitation of current commercial quantum key distribution (QKD) system is the maximum distance limited
by the the attenuation of the photons in the optical fiber. To extend the maximum distance of qubit transmission, a single qubit
information should be delivered through quantum teleportation, which is the essence of the quantum repeater. To build a
practical quantum repeater, one should be able to store entangled state between two remote quantum memories, confirm the
storage of entangled state, and execute the Bell measurement with very high success probability. It has been demonstrated that
the quantum memory based on ion trap technology can satisfy these requirements [1].One of the biggest bottleneck in making
the previous demonstration [1] into a practical system is the low collection efficiency of the emitted photons from the trapped
ions. In our experiment, we are going to overcome this limitation by using large numerical aperture collection lens and efficient
scheduling of ion shuttling. In this talk, we are going to report the progress of the experimental setup and the development of
ion trap chip based on micro-electro-mechanical system (MEMS) technology. [1] S. Olmschenk et al., Science 323, 486 (2009).
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Scaling the Ion Trap Quantum Processor

KIM Jungsang
Fitzpatrick Institute for Photonics, Electrical and Computer Engineering Department, Duke University.
Trapped ions provide a solid platform for realizing quantum information processing, where high quality qubits with long
coherence times and high fidelity manipulation have been demonstrated. The prospect for constructing large scale quantum
processors based on trapped ions have remained elusive, as the traditional approach to ion trapping experiments do not render
itself for large scale integration. In this work, I will describe a scalable approach utilizing microfabricated ion traps and
individual optical addressing technology to construct a small quantum register for quantum information processing. Photonic
network that distributes quantum entanglement can be utilized to further integrate a large number of such quantum registers into
a distributed quantum computer. Similar approaches can be utilized to realize quantum repeaters that enable entanglement
distribution over macroscopic distances, if the photons can be translated to telecom wavelengths suitable for long distance
transport. I will provide results from recent experimental efforts directed towards realizing this vision.

JP-02

Qudit Communication Network

KIM Jaewan
Korea Institute for Advanced Study.
Optical coherent state can be interpreted as a qudit, d-dimensional quantum system with an arbitrary natural number d. Using
cross-Kerr nonlinearity, two optical qudits can be maximally entangled to become an entanglement of pseudo-number state and
pseudo-phase state. This entanglement can be extended to become a generalized cluster-state of qudits, which can be used for
quantum communication network or quantum repeater for quantum teleportation and quantum cryptography.
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JP-03
,
.
.
,

.
,

.

,

.
,

JP-04

.

Using weak quantum measurement to protect entanglement from decoherence

KIM Yoon-Ho
Pohang University of Science and Technology.
Decoherence or the loss of quantum coherence is due to inevitable interactions between the qubits and the environment. It
causes the degradation of quantum superposition and entanglement and in some cases entanglement sudden death. Thus,
tackling decoherence is a critical problem in experimental quantum information research. In particular, protecting entanglement
from decoherence, is essential in practical realization of quantum computing and quantum communication protocols. In this
talk, I will describe our recent work on protecting entanglement from amplitude damping decoherence via weak measurement
and quantum measurement reversal.
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Quantum Contexutality and Certified Random Numbers

KIM Kihwan
Center for Quantum Information, Institute for Interdisciplinary Information Sciences, Tsinghua University.
In this talk, I will discuss the fundamental nature of quantum mechanics, quantum contextuality and its application to certified
random number generation. First, I report the experimental violation of the Kochen-Specker inequality, in particular, the
Klyachko-Can-Binicioglu-Shumovsky (KCBS) inequality, in a qutrit system, the simplest system to observe quantum
contextuality with a single trapped ion. Here, we close the detection efficiency loophole for the first time and make it relatively
immune to the compatibility loophole. We apply the quantum contextuality to certify generated random numbers. The
randomness of our device is ensured by the violation of the KCBS inequality independent of experimental details or
unintentional flaws of the system. Our device can be considered as the first ‘practical’ certified quantum random number
generator, which will be able to immediately provide cryptographically secure random numbers for real world applications.

JP-06

Slow light enhanced efficient photon echo quantum memory

HAM Byoung S.
School of Information and Communications, GIST.
Recently several modified photon echo techniques have been applied to (heralded) quantum memories, where the photon echo
has multimode storage capability in time domain. Because photon echoes are based on absorptive nonlinear optics, echo
retrieval efficiency is intrinsically low in the order of 1%. Here, we demonstrate nearly 100% photon echo retrieval efficiency
using ultraslow light phenomenon in an optically dense rare-earth doped solid medium.
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Terahertz flip-flop operation in cold atomic rubidium

,
,
.
We demonstrate experimentally optical implementation of ultrafast flipflop operation on electronic states of atiomic rubidium. Being cooled and
trapped in a magneto-optical trap, the atoms interact with a shaped
ultrafast laser pulse train to perform Rabi cycling operation in a repetition
rate of 1 THz (see the image). One-qubit quantum logics are achieved to
operate at this clock speed: First, the dynamic Stark shift process of
detuned femtosecond laser pulse is used for construct an ultrafast phase
shift gate, which is then employed for further constuction of Pauli gates
and Hadamard gate. From the coherence nature of the cold atoms,
ultrafast gates operating in time regime of an order of 10 ns may promiss
100,000 coherent operations for cold atomic system.

JP-08

Heat engine driven by purely quantum information

SAGAWA Takahiro3
,
. 1
,
. 2KAIST,
. 3Kyoto University, Yukawa institute.
The key question of this presenation is whether work can be extracted from a heat engine by using purely quantum mechanical
information. If the answer is yes, what is its mathematical formula? First, by using a bipartite memory we show that the work
extractable from a heat engine is bounded not only by the free energy change and the sum of the entropy change of an individual
memory but also by the change of quantum mutual information contained inside the memory. We then find that the engine can
be driven by purely quantum information, expressed as the so-called quantum discord, forming a part of the quantum mutual
information. To confirm it, as a physical example we present the Szilard engine containing a diatomic molecule with a semipermeable wall.
,

1,

2,
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P3-J001
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P3-J002
,

Photoionization leading to the final photo-ionic S5+ 4l states from the Mg-like S4+ ion
1

e. 1
.
In the present work, we report the partial and total photoionization cross
sections leading to the final photo-ionic 4l states for the Mg-like S4+ ion
using the noniterative eigenchannel R-matrix method. We have
considered the ground 1S and excited 3,1P initial states of Mg-like S4+ ion.
The calculated ionization energies are in excellent agreement with the
energies of NIST data, however there are some differences with Opacity
Project (OP) results owing to the different calculational methods. The
agreement of our length and velocity results for present cross sections is
excellent, which indicates that our cross sections are likely to be very
accurate. With no available experimental results, our present length
results shown in Figure 1 are compared with the previous OP results. Our
results show rather good overall agreement with the OP results. However,
some significant discrepancies between the two different results are found.
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Electron-impact ionization for P-like ions from P to Zn

KWON Duck-Hee
Korea Atomic Energy Research Institute, Nuclear Data Center.
Electron-impact ionization cross sections for P-like ions from P to Zn have been calculated by felxible atomic code (FAC)
based on a distorted-wave (DW) approximation. The indirect excitation-autoionzation (EA) channels 3l -> nl' (n=4-35) and 2l ->
nl' (n=3-10) are included to the total cross sections with the detailed branching ratios as well as direct ioniztion cross sections.
Maxwellian rate coefficients for plasma modeling are derived from the calculated cross sections. The calculated cross sections
and rate coefficients are compared with other calculations and experiments.

P3-J004*

Simple Technique to Obtain Modulation-Free Dispersion Signals at Detuned Frequencies

KIM Jungbog, KIM Seungjin, YU Hoon, MOON Yelin
Korea National University of Education.
We present a simple technique to obtain modulation-free locking signals at detuned frequency from an atomic transition
between hyperfine structures. Polarization spectroscopy allows us to obtain dispersion signals that are suitable for frequency
locking. And velocity selective optical pumping using another laser beam also allows us to obtain signals at detuned frequency
and to shift crossover signal. By combination these two techniques, we are able to obtain velocity selective birefringence signal
(VSBS) in 87Rb D2 transitions. We can obtain VSBS signals as the locking frequency of pumping beam and analyze the
birefringence signal theoretically by using Nakayama’s model.
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P3-J005
,
,
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P3-J006
,
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P3-J007

Analytical Calculation of the Susceptibility for Doppler-Broadened Three-Level Atomic
Systems Using a Diagrammatic Method

NOH Heung-Ryoul, MOON Han Seb1
,
. 1
,
.
Analytical calculation of the susceptibility for Doppler-broadened three-level atomic systems using a diagrammatic method is
presented. The susceptibility of the probe field is obtained from the optical Bloch equations for Ladder (lower or upper
transition probed), V and Lambda-type three-level atoms up to the first (arbitrary) order in the probe (coupling) field Rabi
frequency. Then, the susceptibility is averaged over a Maxwell-Boltzmann velocity distribution. Finally, we obtain analytical
solutions of the susceptibility for four different three-level atomic systems.

P3-J008

Effect of magnetic field on polarization self-rotation in Rb vapor

CHA Eun hyun, PARK Jung Min, NOH Heung-Ryoul
Chonnam National University.
We present a theoretical and experimental study of self-rotation of incident elliptically polarized light on rubidium atomic
vapor. The experimental results were compared with the calculation results. We found good agreement between the
experimental and calculated results. Then, we present an experimental study of the self-rotation of elliptically polarized laser
light by Doppler broadened rubidium for upper hyperfine transition of 85Rb and 87Rb in an external magnetic field. The
presence of a magnetic field may change the rotation due to Zeeman effects, and thus results in Faraday rotation.
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P3-J009

An experimental and calculated spectra of EIT and EIA of 85Rb with respect to the
polarization changes of the coupling and probe beams

1,
MUHAMMAD Adnan, REHMAN Hafeez Ur,
. 1
.
We calculate the EIT and EIA spectra of 85Rb between two hyperfine levels with degenerate magnetic sublevels when
polarization of the coupling (probe) beam is changed from linearly and circularly polarized with fixed probe (coupling) beam
polarizations using density matrix equations. Then, we obtain the transmission coefficient by averaging the calculated density
matrix elements over a Maxwell-Boltzmann velocity distribution. Comparisons between an experimental and the calculated
results of EIT spectra have been investigated.

P3-J010

Ultrafast Quantum Gates on Coherent Optical Memory of Cold Atoms

LIM Jongseok, LEE Han-gyeol, AHN Jaewook
KAIST, Dept. of Physics.
We demonstrate ultrafast quantum gates in electronic states of cold atoms
in conjunction with femtosecond laser technology. The ultrafast
probability cycling between zero and unity in the two lowest energy
levels of Rubidium atom is achieved by interaction with multiple
femtosecond laser pulses. As a result, the probability distribution is
converted from zero to unity with clock speed of 1-THz. Further,
universal quantum gates, e.g., Pauli gates, Hadamard gate, and phase shift gate, are achieved by controlling the femtosecond
pulses. From the coherence nature of the cold atoms, the ultrafast quantum gate was successively demonstrated in timeregime of
the order of 10 nanosecond in which more than 100,000 operations can be achieved.
Fig.1.(a) Demonstrated quantum THz
flip-flop. The population of |1> is flipped between zero and unity 16 times at the interaction time of ultrafast pi pulses. (b)
Demonstration of "inverse gate" and multiple controllability of ultrafast quantum gates. Six pi/2-pulses with two kind of phase
combinations are tested: ϕ = (0; pi; 0; 0; pi; 0) and ϕ = (0; 0; pi; pi; pi; 0). The probability of |1> is changed sequentially as (0>0.5->0->0.5->1->0.5->1) and (0->0.5->1->0.5->0->0.5->0) respectively at the interaction time of each pi/2-pulse.
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P3-J011*
1
,
Department of Physics, KAIST. 1Center for Relativistic Laser Science, IBS; Department of Physics and Photon Science, GIST.
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P3-J012*

Bell and non-contextual inequalities without measurement independence assumption

KIM Minsu, KIM Sang Wook1
. 1
.
We study Bell and non-contextual inequalities when the measurement independence assumption is checked. The measurement
independence means that hidden variable distribution is independent on experimental set-up. We find out the measurement
independence assumption is not necessary and sufficient condition for Bell's inequality.
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Minimum-error quantum state discrimination

optimality conditions

,
.
minimum-error quantum state discrimination
complementarity problem
conditions
.
optimal measurement operator nonzero
.

P3-J014*
,

geometric optimality

Quantification of macroscopic quantum superpositions for spin systems
,

1,

2
,
. 1Texas A&M University at Qatar, Department of Physics. 2Dartmouth College, Harnover,

Department of Physics.
We propose a general measure of macroscopic quantum superpositions for spin systems.It is based on interference patterns in
phase space as same as a preceding work for bosonic systems [Phys. Rev. Lett. 106, 220401 (2011)].We show that it is
equivalent to the maximum purity decreasing rate of the system under an optimized decoherence model.We further proved that
our measure incorporates all the existing measures that other researchers proposed.The meausre is applied to several
controversial or typical examples including atomic Greenberger-Horne-Zeilinger(GHZ) states and general mixed states.
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Using Macroscopic Entanglement To Overcome Detection-loophole In Bell Test

2
, MAURO Paternostro1,
,
. 1Queen's University Belfast, Center for theoretical atomic, molecular and optical physics. 2
.
Bell inequality is a fundamental measure of quantumness. The detection loophole is an obstacle in Bell test, which is closely
related with the efficiency of detector. We investigate Bell tests involving photon losses and show that macroscopic
entanglement can sufficiently close the detection- loophole, in a sense that only slight increase of the size of “macroscopicity”
of entanglement in two-mode entangled states can improve the robustness for losses. However, losses before unitary
transformations cause the opposite effects comparing with losses after unitary transformations. The photon losses before unitary
transformations disturb coherence of state then it should be treated that the decoherence effect comes in. It is not curable with a
simple macroscopic entanglement. On the other hand, losses after unitary transformations can be compensated by increasing
macroscopicity” of entanglement. Therefore, the macroscopic entanglement with controllable decoherence can close detectionloophole in Bell tests.

,

P3-J016*
,

Bell-nonlocality tests with an entangled atom-cavity state

, SAUNDERS Mark,
,
,
.
In this study, we examine Bell-nonlocality tests with entanglement between a two-level atom and a coherent field in a cavity. To
probe the cavity field, photon on/off measurements and photon number parity measurements of even/odd are chosen
respectively. Using photon on/off measurements, the maximum value of Bell function reaches 2.61, and detection efficiency
higher than 50 % is required to demonstrate violation of local realism. When we use photon number parity measurements, the
maximum value of Bell function reaches 2√2. Photon number parity measurements for the cavity field can be effectively
performed by using another atoms and an atomic detector. Decoherence effects in atoms and fields are also considered to
discuss conditions required to close the locality loophole.
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,

2013.04.24-26, 대전컨벤션센터

Additivity relations for quantum correlations; Is Discord additive?
1,

1

. 1
.
Quantum systems can be correlated in the ways which cannot be accounted for by classical notions. Especially, the novel
features are found in multipartite settings. Here, we ask a question; does the sum of quantum correlations in subsystems
constitute the correlation in total system? We describe such a concept by an additivity relationship of correlations. We
investigate whether quantum correlations satisfy the additivity property. From the strong subadditivity condition of von
Neumann entropy, four different additivity relations in total correlation are derived and quantified. Based upon the classification
of the additivity in total correlation, we identify the corresponding additive relationships in entanglement. It is also discussed
that similar relationships are satisfied in the case of different notion of quantum correlation, discord. Various bounds of
inequalities for discord are investigated for several cases of exemplary states.

P3-J018*
,

,

Experimental Apparatus for Ultracold Ytterbium Atoms
,

.
We present an experimental apparatus for producing quantum degenerate gases of Ytterbium atoms. We developed 399nm and
556nm laser systems for Zeeman slowing and magneto-optical trapping (MOT) of Ytterbium atoms, respectively. Both laser
systems use home-made second harmonic generators (SHG) with lithium triborate(LBO) in a bow-tie configuration. We adopt a
1070nm, high power laser to form an optical dipole trap for evaporative cooling. We portray the experiment setups and discuss
the benefits of Ytterbium atoms for studying artificial gauge effects.
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P3-J019*
,

2013.04.24-26, 대전컨벤션센터

Strongly Interacting Atomic Fermi Gas
,

,

,

.
We present our recent experiments where we create quantum degenerate Fermi gases of lithium-6 atoms with strong
interactions. A dual magneto-optical trap for sodium and lithium-6 atoms has been realizd in our Zeeman-slower-based
apparatus which was recently upgraded with a dual-species oven. A sodium-lithium mixture is loaded into an optically plugged
magnetic quadrupole trap, and lithium atoms are sympathetically cooled by evaporative cooling of sodium atoms. Then, a
quantum degenerate Fermi gas is transferred into an optical trap, spin-mixtured, and brought near a Feshbach resonance to have
strong interactions.

P3-J020

Collimated two-photon generation at 611.3 nm and 555.8 nm from Yb atoms

SONG Minsoo, YOON Tai Hyun
Korea University, Department of Physics.
We performed a high-resolution Doppler-free two-photon spectroscopy of Yb atoms in an effusive atomic beam with a narrow
bandwidth of 37 MHz. To generate a collimated two-photons at 611.3 nm and 555.8 nm in a hollow-cathod lamp (HCL), the
frequencies of two driving lasers at 399 nm and l077 nm laser are, respectively, stabilized by using the spectroscopic signals
from the atomic beam and from another HCL. Efficient population transfer from the ground state (6s2 1S0) to the upper state
(6s7s 1S0 via two-photon absorption at 399 nm and 1077 nm was achieved through a resonant two-photon excitation enhanced
by the electromagnetically-induced transparency mediated by the intermediate state (6s6p 1P1). From the upper state, cascaded
two photons at 611.3 nm and 555.8 nm can be emitted via the spin triplet state (6s2 3P1) as a collimated beam (satisfying the
phase-matching condition) when two pump beams are co-propagating in the HCL. Experimental progress for the generation of
collimated two-photons at 611.3 nm and 555.8 nm in the HCL will be presented.
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P3-J023

2013.04.24-26, 대전컨벤션센터

Optical Trapping of a Sub-microscopic Particle in the Air Using a Spraying Method

CHOI Jai-Min
Department of Science Education, Chonbuk National University.
We report recent success on optical trapping of a submicron sized dielectric particle in the air environment using a home-built
spraying system. It will allow deterministic particle delivery into an optical cavity system which will be used to control the
optomechanical interactions between the trapped particle and intracavity field.

P3-J024
modulator

Generation of an axial optical vortex beam by using two phase ramps with a spatial light

KHOROSHUN A. N., CHERNYKH A. V., TSIMBALUK A. N., KIRICHENKO J. A., YEZHOV P. V.1, KIM J. T.2
Department of Physics, East-Ukrainian National University, Molodizhny Kvartal, 20a 91034, Luhans’k, Ukraine. 1Institute of
Physics of NAS of Ukraine, 46, Pr. Nauky, 46, 03028, Kyiv, Ukraine & International Center “Institute of Applied Optics” of
NAS of Ukraine, 10G, Str., Kudryavskaya, 04053, Kyiv, Ukraine. 2Department of Photonic Engineering, College of
Engineering, Chosun University, 309 Pilmun-daero Dong-gu, Gwangju 501-759, Korea.
Synthesis of an axial optical vortex beam using a Gaussian beam and two phase ramps implemented with a spatial light
modulator is realized. Angle dependences between two phase ramps and the characteristics of resulting field with respect to the
observation distance of the resulting field are investigated.
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KF-01( ) High-performance thin-film transistors based on MoS2 crystals
CHOI Woong
School of Advanced Materials Engineering, Kookmin University, Seoul 137-702.
Unlike graphene, the existence of bandgaps (1-2 eV) in the layered semiconductor molybdenum disulfide (MoS2), combined
with mobility enhancement by dielectric engineering, offers an attractive possibility of using single layer MoS2 field-effect
transistors (FETs) in low-power switching devices. However, the complicated process of fabricating single layer MoS2 with an
additional high-k dielectric layer may significantly limit its compatibility with commercial fabrication. Here we show the first
comprehensive investigation of process-friendly multilayer MoS2 FETs to demonstrate a compelling case for their applications

in thin-film transistors. Our multilayer MoS2 FETs exhibited high mobilities (> 100 cm2/V×s), near-ideal subthreshold swings
(~70 mV/decade), and robust current saturation over a large voltage window. With simulations based on Shockley’s longchannel transistor model and calculations of scattering mechanisms, these results provide potentially important implications in
the fabrication of high-resolution large-area displays and further scientific investigation of various physical properties expected
in other layered semiconductors.

KF-02( )

Physical Properties of 2-Dimensional Materials

LEE Changgu
School of Mechanical Engineering, Sungkyunkwan University and SKKU
Advanced Insitute of Nano Science and Technology, Sungkyunkwan
University, Republic of Korea.
Recently discovered 2-dimensional nanomaterials, such as graphene, hBN, and MoS2, have interesting electronics properties. Among them,
MoS2, which is a kind of metal chalcogenides, is an indirect bandgap
semiconductor with bandgap of 1.3 eV in bulk form. However, when it is
exfoliated into monolayer, it turns into a direct bandgap material with
bandgap of 1.8 eV. A recent study demonstrated single layer MoS2
transistorswith 800 cm2/Vs of charge mobility and 10^8 of current on/off
ratio. Due to its atomic level thickness, flexibility, and excellent
electronic transport properties, MoS2 and metal chalcogenides can be
promising materials for flexible electronic devices. In this talk, I present
physical properties a few layer exfoliated and CVD synthesized MoS2
films. MoS2 exhibits anomalous Raman spectrum depending on the
thickness. Its photoluminescence spectrum shows that its changes into a
direct bandgap material only when it is monolayer. The electronic
transport varied with thickenss. Usually, monolayer MoS2 showed low mobility, which seems to be due to surface charge
scattering. We fabricated and tested some transistors out of CVD synthesized MoS2. The films were synthesized from sulfurcontaining gas and Mo film. Although the transport performance was not as good as it showed approximately 10^4 of on/off
ratio for 2-4 layers. ( Figure. CVD MoS2 FET device array)
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KF-03*
Heterostructures
,

2013.04.24-26, 대전컨벤션센터

Quantum Corrections to the Conductivity of Nano-Patterned LaAlO3/SrTiO3

1,

2,

2,

,

,

,

1

. 1
. 2
.
Two-dimensional electron gas formed at the LaAlO3/SrTiO3
heterointerface provides a useful platform to explore quantum coherent
transport of strongly correlated electrons in the metal oxide. When the
size of the sample is reduced down to submicrometer, the weak antilocalization effect due to a strong spin-orbit interaction and
the universal conductance fluctuations play a dominant role to determine the magntoconductance data at low temperature. Here,
we report the growth and nano-fabrication techniques of the heterointerface and the magnetoconductance data depending on the
gate voltage and temperature. In comparison with a theoretical model, the characteristic length scales responsible for the phase
coherent electronic transport are obtained as a function of gate voltage and temperature.

KF-04( ) 3
.
.
.
.
3

.
.

3

.
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KF-05( )

Molecular Beam Epitaxial Growth and Transport Properties of Topological Insulator
Bi2Se3 Thin Films
, BANSAL Namrata1, EDREY Eliav1, BRAHLEK Mathew1,
HORIBE Yoichi1, LI Guo-Hong1, CHEONG Sang-Wook1, OH
Seongshik1
,
. 1Rutgers University, Department of Physics.
Over the past few years, topological insulators (TI) have emerged as a
new platform for spin-polarized electronics spintronics, quantum
computations, and other applications. They are predicted to have an
insulating bulk state and spin-momentum-locked metallic surface states.
However, its bulk state always turns out to be metallic instead of insulating, and so identifying the surface states in transport
studies has been challenging. One way to suppress the bulk conductance and sort out the surface contribution would be to make
the sample thin until the surface contribution dominates. In this talk, I will report molecular beam epitaxy (MBE) growth of
topological insulator and its thickness-dependent transport properties, which provide insights on both the bulk and surface
states. The structural properties of as-grown films have been investigated by XRD, TEM and AFM which exhibit good
crystalline quality and terrace-like quintuple layers on the surfaces. The magneto-transport properties of these thin films show a
robust 2D surface state which is thickness independent.

KF-06( ) Tuning of topological states in Bi2Se3 and Bi2Te3 with magnetic impurities
JUNG Myung-Hwa, JO Na-Hyun, CHOI Young-Ha, LEE Kyu-Joon
Department of Physics, Sogang University.
A2B3 (A=Bi, Sb and B=Se, Te) is a new family of three-dimensional topological insulators. A lot of efforts such as chemical
doping have been made to manipulate the original topological states. First, we report the doping effect of magnetic Mn ion
instead of nonmagnetic Bi ion in Bi2Se3, that is Bi2-xMnxSe3 (x = 0, 0.03, 0.05, 0.09, and 0.15). We observe the tuning of charge
carriers in Bi2Se3 from n type to p type by doping Mn into the Bi sites. The carrier type is n type up to the Mn doping level of
5% and changes to p type above 5% Mn doping. The temperature-dependent resistivity of Bi2-xMnxSe3 shows a metallic
behavior for x<0.05, while for x>=0.05, it shows an upturn at low temperatures. This provides evidence that by Mn doping, the
Fermi level is continuously tuned from the bulk conduction band to the bulk valence band. The Seebeck coefficient increases
monotonically with increasing temperature, and the absolute values are same for both n- and p-type samples. This implies that
Bi2Se3 is another candidate of high-temperature thermoelectric materials, like Bi2Te3, simply by Mn doping. Second, we report
the doping effect of magnetic Fe ion instead of nonmagnetic Bi ion in Bi2Te3, that is Bi2-xFexTe3 (x = 0, 0.08, 0.15, and 0.3).

The paramagnetic magnetization data reveal that the Fe ions are doped in the divalent form. The Fe2+ state instead of Bi3+ can
create hole donors, which compensate for the inherent electrons of Bi2Te3. This causes the n-type carrier density to be decreased
with increasing x, and finally be changed into p type at x = 0.3, where the carrier mobility suddenly drops and the electrical
resistivity strongly increases. These results are consistent with the angle resolved photoemission spectroscopy experiments. The
Fermi level shifts downward with increasing x. Furthermore, we find the higher spin polarization for the Fe-doped Bi2Te3
samples, which is crucial for future spintronics application.
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KF-07( )

2013.04.24-26, 대전컨벤션센터

Topological insulating property of Ge-Sb-Te phase change materials

JHI SEUNG-HOON, KIM JINWOONG1, KIM JEONGWOO1
Department of Physics, Pohang University of Science and Technology, Korea & Division of Advanced Materials Science,
POSTECH, Pohang 790-784, Republic of Korea. 1Department of Physics, Pohang University of Science and Technology,
Korea.
In this talk, I will review our recent study on the topological insulating property of Ge-Sb-Te phase chagne materials [1,2] after
a short introduction to topological insulator. Topological insulators refer to the states of matters that have insulating energy gap
at bulk and massless helical states at the surface. These helical states, in which electron spin and momentum are interlocked the
same way as massless neutrinos, enable low resistive electric conduction. The electronic property of ternary chalcogen
compounds commonly used in non-volatile devices is studied within a notion of their topological insulating phase. As
superlattice of band insulator IV-VI compounds and topological insulating V-VI compounds, we show that these compounds in
crystalline phase with well-ordered layer stacking have imbedded surface-like states originating from topological insulating
layers. We demonstrate that these conducting states can significantly affect the electrical conduction of the compounds and are
sensitive to atomic migration. We show that the topological insulating phase of the chalcogen compounds can be manipulated
by controlling the composition and/or layer thickness. We anticipate that the topological insulating property in phase change
materials can provide a new perspective of designing non-volatile memory devices that have functionality of spin
manipulation. [1] Jeongwoo Kim, Jinwoong Kim, Kiseok Kim, and Seung-Hoon Jhi, Phys. Rev. Lett. 109, 146601 (2012).[2]
Jeongwoo Kim and Seung-Hoon Jhi, phys. stat. solidi 249, 1874 (2012).

KF-08( )

Proposal of a Topological Kondo Insulator SmB6 and relating recent experimental data

TAKIMOTO Tetsuya
Department of Physics, HanYang University.
Three dimensional topological insulators represent a new quantum state.
They have been originally proposed on theoretical approach, but where
subsequently found experimentally, by the angle resolved photoemmision
spectroscopy (ARPES), e.g., in Bi1-xSbx and Bi2-xYxX3 with X=Se and
Y=Ca as well as X=Te and Y=Sn. Characteristic features are metallic
surface states with an odd number of Dirac points, which are protected by
the time reversal symmetry. Furthermore, it was also suggested that socalled Kondo insulators could become topological insulators. This was
done by making use of a simple periodic Anderson model. In 2011, we
also predicted, based on detailed calculations, that a Kondo insulator SmB6 should indeed be a strong topological insulator
(Figure). The distinction to the above mentioned systems are dealing here with a stoichiometric compound. Our prediction is
based on the computation of the topological index and of the spectrum of surface states. Quite recently, experimental evidences
by transport and ARPES measurements that SmB6 is a topological insulator begin to appear in the research field. In my talk,
these data will be introduced to encourage further progress.
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KF-10( )

Velocity Renormalization and Anomalous Quasiparticle Dispersion in Graphene

,
.
We discuss interaction effects in intrinsic graphene and the associated instabilities of the Dirac point. Using many-body
diagrammatic perturbation theory we consider carrier density- and substrate-dependent many-body renormalization of graphene
induced by Coulombic electron-electron interaction effects. We present the many-body spectral function, the renormalized
quasiparticle energy dispersion, and the renormalized graphene velocity using the leading-order self-energy in the dynamically
screened Coulomb interaction. We present experimentally detectable many-body signatures, which are enhanced as the carrier
density and the substrate dielectric constant are reduced, finding an intriguing instability in the graphene excitation spectrum at
low wave vectors where interaction completely destroys all particlelike features of the noninteracting linear dispersion. We also
make experimentally relevant quantitative predictions about the carrier density and wave-vector dependence of graphene
velocity renormalization induced by electron-electron interaction.

- 499 -

2013 봄 학술논문발표회 및 제89회 정기총회

KF-11( )

2013.04.24-26, 대전컨벤션센터

Quasiparticle Properties in Multilayer Graphene

.
Multilayer graphene has recently attracted considerable attention because of its chiral electronic structure which is sensitive to
stacking sequences, and its possible use as the basis of new electronic devices. Furthermore, as sample quality improves, it is
expected that electron-electron interactions play a significant role which was hidden by disorder. In this talk, we study velocity
renormalization of multilayer graphene due to electron-electron interactions. After analyzing velocity renormalization in the
chiral two-dimensional electron gas which is a low-energy effective model of graphene systems, we discuss its implication for
multilayer graphene.
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KF-13( ) Optical Separation of Mechanical Strain, Charge Doping and Electronic Coupling in
Graphene
,
.
Raman spectroscopy has proven to be a versatile analytical tool in graphene research for thickness, stacking, defect density,
charge density (n), mechanical strain (ε), temperature, etc. Such multimodal sensitivity, however, turns into difficulty when
more than a single unknown is to be determined. Despite the strain-sensitivity of the Raman G and 2D modes, for example,
optical characterization of native strain in graphene on silica substrates has been hampered by excess charges interfering with
both modes. In this talk, I will first show that the effects of strain and charges in graphene on silica can be optically separated
from each other by correlation analysis of the two modes, enabling simple quantification of both.[1] Graphene with in-plane
strain randomly occurring between -0.2% and 0.4% undergoes modest compression (-0.3%) and significant hole doping upon
thermal treatments. Secondly, I will show that the change in the Fermi velocity of graphene caused by electronic coupling with
hexagonal boron nitride (hBN) substrates can also be optically determined separately from native strain.[2] The proposed
analysis will be of great use in characterizing graphene-based materials and devices. References: [1] J. E. Lee, G. Ahn, J. Shim,
Y. S. Lee and S. Ryu, Nature Commun. 3 (2012) 1024. [2] G. Ahn, H. R. Kim, T. Y. Ko, K. Choi, K. Watanabe, T. Taniguchi,
B. H. Hong and S. Ryu, ACS Nano 7 (2013) 1533.

KF-14( )

Graphene based Nanogenerator

.
In this talk, I present a flexible, transparent acoustic actuator and nanogenerator based on graphene/P(VDF-TrFE)/graphene
multilayer film is demonstrated. P(VDF-TrFE) is used as an effective doping layer for graphene and contributes significantly to
decreasing the sheet resistance of graphene to 188 ohm/sq. The potentiality of graphene/P(VDFTrFE)/graphene multilayer film
is realized in fabricating transparent, flexible acoustic devices and nanogenerators to represent its functionality. The acoustic
actuator shows good performance and sensitivity over a broad range of frequency. The output voltage and the current density of
the nanogenerator are estimated to be ∼3 V and ∼0.37 μAcm2, respectively, upon the application of pressure. In addition, PZT
based flexible and semi-transparent nanogenerator (NG) was demonstrated. Graphene film was used in interdigitated electrode
form to improve the PZT/graphene interface under mechanical stress. Further improvement in NGs performance was realized by
p-type doping in graphene, resulting in an increase in current density. NGs showed a high output voltage ~ 2 V, current density
~ 2.2 mA/cm2 and power density ~ 88 mW/cm3 at an applying force of 0.9 kgf. This can efficiently run commercially available
electronic components in a self-powered mode, without any external electrical supply.
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KG-01*
,

2013.04.24-26, 대전컨벤션센터
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KG-03*

2013.04.24-26, 대전컨벤션센터

Surface Plasmon-Driven Hot Electron Flow Probed with Metal-Semiconductor Nanodiodes

PARK Jeong Young, LEE Young Keun
KAIST,EEWS,NanoCentury KI.
A continuous flow of hot electrons that are not at thermal equilibrium with the surrounding metal atoms is generated by the
absorption of photons. Here we show that hot electron flow generated on a gold thin film by photon absorption (or internal
photoemission) is amplified by localized surface plasmon resonance. This was achieved by direct measurement of photocurrent
on a chemically modified gold thin film of metal-semiconductor (TiO2) Schottky diodes. Photons coupled into the modified
gold thin film excite surface plasmon resonance, which enhances hot electron flows going over Schottky barrier between the
gold film and TiO2. The short-circuit photocurrent obtained with low-energy photons is consistent with Fowler’s law,
confirming the presence of hot electron flows. The morphology of the metal thin film was modified to a connected gold island
structure after heating such that it exhibits surface plasmon. Photocurrent and optical measurements on the connected island
structures revealed the presence of a localized surface plasmon at 550 ± 20 nm. The results indicate an intrinsic correlation
between the hot electron flows generated by internal photoemission and localized surface plasmon resonance. We discuss the
effect of dye molecules and silver nanowires adsorbed on gold film in the efficiency of internal photoemission.

KG-04*
,

Chalcogenide Thin Film Solar Cells Fabricated by Using Spray Pyrolysis

.
We have fabricated Cu(In,Ga)Se2 (CIGS) and Cu2ZnSnSe4 (CZTS) thin film solar cells using spray pyrolysis. CIGS and CZTSe
thin film solar cells are regarded as alternative solar cells of single crystalline Si solar cell, which reached conversion efficiency
~20.4 % and ~11 %, respectively. For the low-cost fabrication method, we have developed spray pyrolysis in ambienet air. The
photo-absorber layers, CIGS and CZTS, were sprayed in ambient air, and subsequently selenized in Se vapor to improve crystal
quality. In2S3 film, which was used as a buffer layer, was also made by spray in ambient air. The completed cells were consist
of multi-layers, ITO/ZnO/In2S3/CIGS(,CZTS)/Mo/glass. The best cell among the fabricated CIGS and CZTS solar cells showed
conversion efficiency of ~ 8.0 % and ~ 4.5%, respectively. We will report electrical and optical properties of sprayed CIGS and
CZTS solar cells.

- 503 -

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

KG-05*

Graphene film on Ag nanocluster as transparent and current spreading electrode for
improved light output power in near ultraviolet light emitting
diodes

KIM Bo Kyoung, SEO Tae Hoon, SHIN GangU, PARK Ah Hyun, LEE
Seul Be, JEONG Hyun Joon, LEE Gun Hee, SUH Eun-Kyung
School of Semiconductor and Chemical Engineering & Semiconductor
Physics Research Center, Chonbuk National University.
To enhance opto-electrical performance of near ultraviolet light emitting
diodes (NUV-LEDs), transparent and current spreading electrode (TCSE)
was constructed by combining Ag nanoclusters and graphene film. The
current-voltage (I-V) characteristic and electroluminescence (EL) data
showed that graphene film on Ag nanocluster well-operated as a TCSE in
NUV-LED and compared the performance of those with only graphene
film and indium tin oxide (ITO) conducting layer. The forward voltage at an input current of 20 mA were found to be 5.9, 4.06,
and 3.92 V for LEDs of TCSEs with bare graphene film, graphene network on Ag nanocluster, and conventional ITO layer,
respectively. When using the graphene network on Ag nanocluster, the EL intensity showed similar value compared to that of
NUV-LED with planar ITO layer.

KG-06*

First-principles study for segregation of B and P dopants in Si/SiO2 core-shell nanowires

KIM Sunghyun, PARK Ji-Sang, CHANG Kee Joo
Department of Physics, KAIST.
Silicon nanowires (NWs) are commonly oxidized by thermal oxidation.
B diffusivity is greatly enhanced during thermal oxidation due to
abundant Si self-interstitials, similar to transient enhanced diffusion
known in planar Si/SiO2 interface. However, previous theoretical studies
have been mostly focused on the stability of dopants in H-terminated Si
NWs. In this work, we generate realistic atomic models for Si/SiO2 coreshell NWs, and investigate the stability and segregation behavior of B and P dopants in oxidized Si NWs. In the absence of Si
self-interstitials, substitutional B atoms are energetically more stable in the Si core than in the oxide shell. On the other hand, B
dopants easily segregate from Si to the oxide with the aid of Si self-interstitials and finally turn into interstitial donors. We find
that P dopants do not segregate to the oxide even in the presence of self-interstitials. However, they tend to form electrically
inactive nearest-neighbor donor pairs as they accumulate in the Si region near the interface.
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KG-07

2013.04.24-26, 대전컨벤션센터

Generation of Hot-exciton Emission in Semiconductors Coupled with Nanocavity Plasmons

,
.
Controlling the radiative properties of light emitters with an engineered
surface plasmon cavity has been of great importance for understanding
the underlying physics and designing new nanoscale optoelectronic
devices. In this work, we show the non-thermalized hot-excitonic
emission in single CdS-SiO2-Ag core-shell plasmonic nanowires, which
is absent for simple photonic CdS nanowires. By tuning the plasmonic
cavity size to match the whispering gallery mode resonances, an almost
complete transition from thermalized excitonic to hot-excitonic emission
was achieved, which reflects exceptionally high radiative rate
enhancement. Time-resolved measurements for the plasmonic nanowires
showed the excited-state lifetime shortening by a factor of >103, resulting
in sub-picosecond lifetimes. Numerical calculations also confirmed that
the electromagnetic field enhancement by the whispering gallery plasmon
nanocavity is as high as 40000 and the calculated Purcell factor reaches
up to 3800, which is consistent with the measured lifetime.

KG-08

Enhanced Light Output Power of Near-Ultraviolet Light-Emitting Diodes with Au-Doped
Graphene for Transparent and Current-Spreading Electrode

SHIN GangU, SEO Tae Hoon, KIM Bo Kyoung, PARK Ah Hyun, LEE
Seul Be, JEONG Hyun Jun, LEE Gun Hee, SUH Eun-Kyung
School of Semiconductor and Chemical Engineering, Semiconductor
Physics Research Center (SPRC), Chonbuk National University.
We introduce the use of Au-doped graphene film as a transparent and
current-spreading electrode (TCSE) in GaN-based near-ultraviolet lightemitting diode (NUV-LED) to achieve good UV emission efficiency. The
TCSE effects of Au-doped graphene film were clearly seen in current–
voltage (I–V) and electroluminescence (EL) data as shown in figure 1.
Fig. 1(a) shows the forward voltage (Vf) at an input current of 20 mA of NUV-LED with Au-doped graphene films was close to
that of LED with a planar Indium tin oxide (ITO) conducting layer. The light output power of 380-nm wavelength NUV-LEDs
with Au-doped graphene film was enhanced about 20% compared to UV-LEDs with ITO electrode due to high UV
transmittance of graphene, effective current spreading and injection.
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KG-09

Reliability of TaInZnO Oxide Thin Film Transistor As a Function of RF Sputtering

Process Pressure
,

2013.04.24-26, 대전컨벤션센터

,

1

. 1
,
.
The device performance and bias instability of radio frequency (RF)
sputtered Ta doped InZnO thin film transistors (TFTs) were investigated
as a function of deposition process pressure. Under low process pressure,
the electrical characteristics of TaInZnO TFTs were enhanced with
amorphous physical structure, and the decrease of oxygen deficient bonding states. These changes were correlated with the
evolution of electronic structure, such as band alignment and band edge states below the conduction band. As the process
pressure decreased, the energy difference between conduction band minimum and Fermi level and the band edge states was
decreased. In particular, the relative energy level of band edge states was moved into the deep level within bandgap, with the
increase of process pressure.
,

KG-10

Synthesis and solar cell application of sulfide nanowires

GOSWAMI Syamanta,
.
In recent days, sulfide nanomaterials are one of the key interests for
various device applications such as solar cell and photonic devices
because of their novel optical and electrical properties. PbS and CuS
nanowires were synthesized via a simple solvothermal method. Making
some slight changes in the Pb, Cu and S sources and precursor
concentrations, nanostructures of various morphologies such as
nanowires, nanocrystals, nanodendrites etc. were being formed. The
various growth kinetics and other parameters that control the morphology
are explained. From the XRD and Raman experiment results, it can be
confirmed that the material quality improves with the application of
EDTA. FFT (Fast Fourier Transform) patterns (as shown in the figure)
were extracted from the TEM micrographs from which the structures of
the materials are explained. Solar cells are made by drop casting the PbS
NWs on a Cu-electrode while a Pt-glass is used as the counter electrode.
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KG-12*

Short-term Memory Of TiO2-based Electrochemical Capacitors: Empirical Analysis With
Adoption Of A Sliding Threshold

LIM Hyungkwang, KIM Inho, KIM Jin-Sang, HWANG Cheol Seong1, JEONG Doo Seok
Electronic Materials Research Center, Korea Institute of Science and Technology. 1WCU Hybrid Materials Program,
Department of Materials Science and Engineering, and Inter-university Semiconductor Research Center, School of
Engineering, Seoul National University.
Chemical synapse is an important component of a large-scaled neural network in the hippocampus of a mammalian brain,
whose change in its weight is thought to be in charge of learning and memory. Thus, the realization of artificial chemical
synapses is of crucial importance in achieving artificial neural networks emulating brain’s functionalities to some extent. This
kind of research is often referred to as neuromorphic engineering. In this study, we report short-term memory behaviours of
electrochemical capacitors (ECs) utilizing TiO2 mixed ionic-electronic conductor and various reactive electrodes materials e.g.
Ti, Ni, and Cr. By experiments, it turned out that the potentiation behaviours did not represent unlimited growth of synaptic
weight. Instead, the behaviours exhibited limited synaptic weight growth that can be understood by means of an empirical
equation similar to the Bienenstock-Cooper-Munro rule employing a sliding threshold. The observed potential behaviours were
analyzed using the empirical equation and the differences between the different ECs were parameterized
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KG-13*

Improved Photovoltaic Effects In InGaN-Based Multiple Quantum Well Solar Cell With
Graphene On Indium Tin Oxide Nanodot Nodes For
Transparent And Current Spreading Electrode

SEO Hoon Seo, SHIN GangU, KIM Bo Kyoung, PARK Ah Hyun, LEE
Seul Be, JEONG Hyun Jun, LEE Gun Hee
School of Semiconductor and Chemical Engineering & Semiconductor
Physics Research Center, Chonbuk National University.
We implemented graphene network on indium tin oxide (ITO) nanodots
to a transparent and current-spreading electrode (TCSE) in InGaN-based
solar cell to improve power conversion efficiency. The external quantum
efficiency (EQE) and short circuit current density (Jsc) of solar cells with graphene network on ITO nanodots were enhanced
compared to those of solar cells with ITO and bare graphene film as shown in figs. 1(a) and 1(b). The increase of the power
conversion efficiency is attributed to the high transmittance, internal light-scattering effect, and effective carrier absorption of
ITO nanodots.

KG-14

Study on Pressure-dependent Growth Rate of Catalyst-free and Mask-free Heteroepitaxial
GaN Nano- and Micro-rods on Si (111) Substrates with the
Various V/III Molar Ratios Grown by MOVPE

KO Suk-Min, KIM Je-Hyung, KO Young-Ho, CHANG Yun Hee1, KIM
Yong-Hyun1, YOON Jong Moon2, LEE Jeong Yong2, CHO Yong-Hoon
Department of Physics and Graduate School of Nanoscience &
Technology (WCU), Korea Advanced Institute of Science and Technology
(KAIST). 1Graduate School of Nanoscience and Technology (WCU), KAIST. 2Department of Materials Science and
Engineering, KAIST.
Heteroepitaxial GaN nano- and micro-rods (NMRs) on Si substrate are one of the most promising structures for high
performance optoelectronic devices such as light emitting diodes, lasers, solar cells integrated with Si-based electric circuits due
to their low dislocation density and high surface to volume ratio. However, heteroepitaxial GaN NMRs growth using a metalorganic vapor phase epitaxy (MOVPE) machine is not easy due to their long surface diffusion length at high growth temperature
of MOVPE above 1000 C. We have successfully grown the vertically well aligned GaN NMRs on Si (111) substrate by means
of self-assembled growth methods with pulsed-flow injection of precursors. To grow the GaN NMRs with high aspect ratio, we
veried the growth conditions such as the growth temperature, reactor pressure, and V/III molar ratio. We confirmed that the
surface morphology of GaN was strongly influenced by the surface diffusion of Ga and N adatoms related to the surrounding
environment during growth, and we carried out theoretical studies about the relation between the reactor pressure and the
growth rate of GaN NMRs. From these results, we successfully explained the growth mechanism of catalyst-free and mask-free
heteroepitaxial GaN NMRs on Si (111) substrates. Detailed experimental results will be discussed.
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KG-18*

Growth and optical characterization of semi-polar InGaN/GaN quantum well on GaN
pyramid structures

, RODRIGUEZ Christophe,
KAIST,
.
(In, Ga)N-based III-nitride semiconductor materials have been viewed as
the most promising materials for the applications of blue and green light
emitting devices such as light-emitting diodes (LEDs) and laser diodes.
Although the InGaN alloy can have wide range of visible wavelength by
changing the In composition, it is very hard to grow high quality epilayers of In-rich InGaN because of the thermal instability as
well as the large lattice and thermal mismatches. In this study, we fabricated InGaN/GaN multi-quantum well (MQW) on GaN
pyramid structures for broad-band emission with high quantum efficiency. In this work, we systematically studied the optical
properties of semi-polar facets of InGaN/GaN pyramid structures. The hexagonal pyramid structures were grown on the n-type
GaN template by metalorganic chemical vapor deposition. SiO2 mask was formed on the n-type GaN template with circle
pattern by photo lithography. GaN pyramid structures were selectively grown on the opening area of mask followed by growth
of InGaN/GaN MQWs. We fabricated various size and pitch of circle patterned mask on the same wafer as shown in Figure 1
(a). We characterized the structural properties by scanning electron microscope (SEM). Figure 1(b) shows that uniform
hexagonal pyramid structures were well arranged and the lateral size and height of pyramids depended by the size and pitch of
mask. We characterized optical properties by photoluminescence and cathodoluminescence(CL) shown in Figure 1(c). We
studied the optical properties of semi-polar facets which provided high quantum efficiency with long wavelength. We found that
the emission wavelength depends on the size and pitch of mask.

KG-19

Investigation of Terahertz detection using low-temperature grown InGaAs/InAlAs multi
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KG-21*

Epitaxial Lift-off of GaN-based Multiple Quantum Well Epilayer by Electrochemical
Etching of A Superlattice Layer
,

,
,

.

2

1,

,
.

2

1

,

.
GaN

InGaN/AlGaN

superlattice
. Superlattice
GaN
.

superlattice

GaN
,
.

50 nm
hole
(oxalic acid)
.

superlattice
.
. 0.3M
20V
80 μm × 80 μm
GaN
MQW
micro-photoluminescence

- 511 -

,

1 μm/min.
lift-off
.

2013 봄 학술논문발표회 및 제89회 정기총회

KP-01( )

2013.04.24-26, 대전컨벤션센터

(Liquid crystal)
.

(Liquid crystal)

(soft matter)
.

,

(display)
,
,

,
.

KP-02( )

Configuration Extraction of Coulomb-Induced Nonlinearities in GaAs Quantum Wells

SMITH Ryan, FUNK Andrew, CUNDIFF Steven, KIRA Mackillo1, KOCH Stephan1
JILA, University of Colorado, Boulder, CO, USA. 1Department of Physics and Material Sciences Center, Philipps-University,
Marburg, Germany.
We report quantitative spectrally resolved transient absorption in GaAs quantum wells. Microscopic modeling extracts manybody configurations and attributes effects to observed spectra. A cluster-expansion transformation technique allows
investigation of the effects of quantum light statistics on the nonlinear optical response. Excitonic quantum-well (QW)
absorption typically exhibits major spectral changes when carrier-excitation levels are elevated into the nonlinear regime. For
example, the lowest-lying 1s-resonance can undergo broadening and shifting due to excitation-induced effects [1-2]. Physically,
these effects result from Coulomb-induced scattering of polarization from carrier densities, polarization itself, and exciton
populations [3]. These nonlinear interactions build up on picosecond timescales, and it is typical that dephasing, phase-space
filling, energy-renormalization, and screening effects become mixed in a nontrivial manner. While the importance of these
processes have long been recognized, quantitative measurements that can be compared to a microscopic theory have been
lacking.We present a quantitative experiment-theory analysis of the nonlinear response of a sample consisting of 10 periods of
10-nm thick GaAs QWs separated by 10-nm Al0.4Ga0.6As barriers. Using a pump-probe setup to spectrally resolve
transmission (T) and reflection (R), we carefully calibrate the optical responses to produce transmission and reflection spectra in
absolute units. As a result, we are able to construct the true absorption A = 1 - T - R of the sample. The true absorption is
compared with a fully microscopic theory [3] to describe the Coulomb-scattering contributions to the excitonic nonlinearities.
The computed theory, uniquely matching the data, allows extraction of the many-body states. Specifically, we deduce the carrier
density and exciton fraction that correspond to a given probe absorption spectrum. Additionally, we determine the influence of
pump-generated polarization on a transient gain feature observed at short-time delays. The theory uses the refractive-index
profile fixed with a linear analysis and includes scattering up to two-particle scattering using the systematic cluster-expansion
approach [3]. Excellent quantitative agreement is found between the experiment and theory as the excitation level is varied
[4].In addition to extracting the many-body configurations, we characterize the excitonic temporal dynamics as a function of
pump excitation power. We model results with a double-exponential decay to extract long and short characteristic times
corresponding to the population and polarization decays, respectively. The longer population decay time (~70 ps) shows weak
dependence on excitation power; whereas the shorter polarization decay time (~5 ps) reduces by a factor of two as the sample is
saturated.[1] N. Pegyhambarian, H. M. Gibbs, J. L. Jewell, A. Antonetti, A. Migus, D. Hulin, and A. Mysyrowicz, “Blue shift of
the exciton resonance due to exciton-exciton interactions in a multiple-quantum well structure,” Phys. Rev. Lett. 53, 2433
(1984).[2] J. M. Shacklette and S. T. Cundiff, “Role of excitation-induced shift in the coherent optical response of
semiconductors,” Phys. Rev. B 66, 045309 (2002).[3] M. Kira and S. W. Koch, “Many-body correlations and excitonic effects
in semiconductor spectroscopy,” Prog. Quantum Elec. 30, 155 (2006).[4] R. P. Smith, J. K. Wahlstrand, A. C. Funk, R. Mirin,
S. T. Cundiff, J. Steiner, M. Schafer, M. Kira, and S. Koch, “Extraction of many-body configurations from nonlinear absorption
in semiconductor quantum wells,” Phys. Rev. Lett. 104, 247401 (2010). *Ryan Smith, e-mail: rpsmith@lbl.gov , Present

address: Lawrence Berkeley National Laboratory, Berkeley, CA, USA
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KP-03( ) Quantum dots for nanoscale devices
,
.
Quantum dots (QDs) have been particularly interesting due to their unique physical properties related to three-dimensional
carrier confinement and their promising applications in high-performance optoelectronic devices single-electron transistors,
light-emitting diodes, lasers, infrared photodetectors, and solar cells. For these applications, the control of the QDs size, shape,
and size distribution is expected to play an important role in optoelectronic devices. In addition, the study of carrier dynamics in
QDs is very important in order to improve the photoluminescence efficiency and performance of optoelectronic devices. In this
work, we describe the various techniques to control and tune the structural and optical properties of QDs.

KP-04( ) N-type graphene induced by molecular hydrogen exposure at room temperature
KIM Byung Hoon, HONG Sung Ju1, BAEK Seung Jae1, JEONG Hu Young2, PARK Noejung3, LEE Sang Wook4, LIM
Jeongmin3, JUN Yongseok3, PARK Yung Woo1
Department of Physics, Incheon National University, Incheon 406-772, Republic of Korea. 1Department of Physics and
Astronomy and Department of Nano Science and Technology, Seoul National University, Republic of Korea. 2UNIST Central
Research Facility and School of Mechanical and Advanced Materials Engineering, Ulsan National Institute of Science and
Technology, Republic of Korea. 3UNIST Central Research Facility and School of Mechanical and Advanced Materials
Engineering, Interdisciplinary School of Green Energy, KIER-UNIST Center for Energy, Ulsan National Institute of Science
and Technology,Republic of Korea. 4Division of Quantum Phases and Devices, School of Physics, Konkuk University,Seoul
143-701, Republic of Korea.
Herein we report the dissociative adsorption of hydrogen with gate voltage (VG)-dependent current variations of single-, bi-,
and multi-layer graphene (SLG, BLG, and MLG) as a function of H2 gas pressure from vacuum (~ 10-6 Torr) to 24 bars at
temperature T ≥ 300 K. As H2 gas pressure increases, the charge neutrality point (CNP) shifts toward the negative VG region (ndoping). This charge neutrality point does not return the origin even after degassing process is performed (vacuum and heating
at 393 K). Long exposure time and high temperature in H2 atmosphere enhances the n-doping effect. H2 exposure leads to the

development of defect related D (~ 1350 cm-1), Dꞌ (~ 1620 cm-1), and D+Dꞌ (~ 2932 cm-1) peaks, the blue-shift of the G peak,
and the change of stacking order due to the variation of the 2D peak in Raman spectroscopy. With atomic force microscopy
(AFM) and x-ray diffraction (XRD) patterns, the increase of the interlayer distance of MLG was observed. Transmission
electron microscopy (TEM) study showed in-plane compression after H2 exposure. We also found that the extent of CNP
variation is related to the number of graphene layers. These results show the dissociative H2 adsorption due to the self-catalytic

effect of graphene and provide better understanding of the interaction between the H2 molecule and graphene, as well as giving
evidence for more potential degrees of freedom for electronic applications using graphene.
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Transport of edge magnetoplasmons in graphene

KUMADA Norio, TANABE S., HIBINO H., KAMATA H.1, HASHISAKA M.1, MURAKI K., FUJISAWA T.1
NTT Basic Research Laboratories, NTT Corporation. 1Department of Physics, Tokyo Institute of Technology.
Plasmons, which are collective charge oscillations, in graphene have attracted recent interest owing to tunable properties by
chemical or electrostatic doping. Here, by time-resolved electrical measurements, we determined the velocity of edge
magnetoplasmons (EMPs) in graphene [1].The sample used was fabricated from graphene grown on SiC. All measurements
were performed at 1.5 K. For time-resolved electrical measurements, EMPs at gigahertz frequencies are generated in graphene
by applying a voltage step to an injection gate and detected as the time-dependent current through a detector Ohmic contact
fabricated 1.1 mm away from the injection gate. Then, from the time of flight, the velocity of EMPs is obtained. We
demonstrate that the velocity can be changed over two orders of magnitude between 104 and 106 m/s by applying a magnetic
field, changing the carrier density, and screening the plasmon electric field with a gate metal.
[1] N. Kumada et al.,
Nature Commun. 4, 1363 (2013).

KS-02(

)

Charge-transfer excitonic emission of ZnO-graphene quantum dots

CHOI Won-Kook, KWON Soon-Nam1, SON Dong-Ick2, KIM Hong-Hee
Interface Control Research Center, Korea Institute of Science and Technology. 1Interface Control Research Center, Korea
Insitute of Science and Technology. 2Soft Innovative Materials Research Center, Korea Institute of Science and Technology.
Hybrid nanostructures combining inorganic materials and graphene are being developed for applications such as fuel
cells,batteries, photovoltaics and sensors. However, the absence of a bandgap in graphene has restricted the electrical andoptical
characteristics of these hybrids, particularly their emissive properties. Here, we use a simple solution method toprepare emissive
hybrid quantum dots consisting of a ZnO core wrapped in a shell of single-layer graphene. We then use these quantum dots to
make a white-light-emitting diode with a brightness of 798 cdm-2. The strain introduced bycurvature opens an electronic
bandgap of 250 meV in the graphene, and two additional blue emission peaks are observedin the luminescent spectrum of the
quantum dot. These additional peaks result from charge- transfer excitonic emission formed at the interface of ZnO and
graphene. White emission is achieved by combining the quantum dots with other emissive materials in a multilayerlightemitting diode.
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Semiconductive property in bilayer graphene modulated by electric field

TSUKAGOSHI Kazuhito
WPI-MANA, NIMS (Japan).
We present a review of our experiments on graphene transistors in its potential use as atomic film switching devices. We found
that large transport energy gaps (>100 meV) can be fulfilled in dual-gated bilayer graphene underneath a simple alumina
passivation top gate stack, which directly contacts the graphene channels without an inserted buffer layer. With the presence of
energy gaps, the electrical properties of the graphene transistors are significantly enhanced, as manifested by enhanced on/off
current ratio, subthreshold slope, and current saturation. For the first time, complementary-like semiconducting logic graphene
inverters are demonstrated that show a large improvement over their metallic counterparts. We also demonstrated a tunneling
and rectification behavior in bilayer graphene with bandgap. A stepped dielectric top gate creates a spatially modulated electric
field, which opened the band gap in the graphene and produced an insulating region at the p–n interface. Furthermore, series of
tunneling junctions enabled unipolar graphene transistors.
This result may
open the way for logic applications of gap-engineered graphene.Acknowledgments: This work was supported in part by a Grantin-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology of Japan and by the
FIRST Program from the Japan Society for the Promotion of Science.

KS-04(

) Graphene p-n vertical junctions showing asymmetric rectifying behaviors and device

applications
CHOI Suk-Ho
Department of Applied Physics, Kyung Hee University.
Fabrication and characterization of graphene p-n junctions are of particular interest because the p-n junctions are used in a wide
variety of electronic/photonic systems as building blocks. It is crucial to understand the nature of graphene p-n junctions for
their device applications. Graphene p-n junctions have been previously formed by using several techniques, but most of the
studies are based on lateral-type p-n junctions. This type of p-n junctions has limited device applications due to the absence of
rectification behavior, arising from the zero band gap of graphene and consequently the Klein tunneling effect. Here, we report a
new type of graphene p-n junctions. We firstly fabricate and characterize vertical-type graphene p-n junctions. One of the most
important characteristics of the vertical junctions is the asymmetric rectifying behavior at higher n doping concentrations, which
may be useful for practical device applications. In contrast, at lower n doping concentrations, the p-n junctions are Ohmic,
consistent with the Klein-tunneling effect. The observed rectification results possibly from the formation of strongly-corrugated
insulating or semiconducting interlayers between the metallic p- and n-graphene sheets at higher n doping concentrations, which
is actually a structure like metal-insulator-metal or metal-semiconductor-metal diode. The unique photocurrent characteristics
observed from the graphene p-n vertical diodes well follow what are expected from its band structure and the tunneling of
current through the interlayers. The diode properties and the photoresponse are almost invariant even after 6 months since the
diodes were fabricated.
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Direct fabrication and integration of graphene nanoribbon transistors

KATO Toshiaki, HATAKEYAMA Rikizo, KANEKO Toshiro
Department of Electronic Engineering, Tohoku University.
Graphene nanoribbons combine the unique electronic and spin properties of graphene with a transport gap that arises from
quantum confinement and edge effects. This makes them an attractive candidate material for the channels of next-generation
transistors. Although nanoribbons can be made in a variety of ways, the reliable site and alignment control of nanoribbons with
high on/off current ratios remains a challenge. Plasma chemical vapor deposition (CVD) is known as fruitful method for the
structural-controlled growth and damage-free functionalization of nano carbon materials such as carbon nanotubes (CNTs) [1-3]
and graphene [4,5]. We have developed a new, simple, scalable method based on the advanced plasma CVD method for directly
fabricating narrow (~23 nm) graphene nanoribbon devices with a clear transport gap (58.5 meV) and a high on/off ratio (>104).
Since the establishment of our novel graphene nanoribbon fabrication method, direct conversion of a Ni nanobar to a graphene
nanoribbon is now possible. Indeed, graphene nanoribbons can be grown at any desired position on an insulating substrate
without any post-growth treatment, and large-scale, two- and three dimensional integration of graphene nanoribbon devices
should be realizable [6].
[1] T. Kato and R. Hatakeyama, J. Am.
Chem. Soc. 130, 8101 (2008).[2] T. Kato and R. Hatakeyama, ACS Nano 4, 7395 (2010).[3] Z. Ghorannevis, T. Kato, T.
Kaneko, and R. Hatakeyama, J. Am. Chem. Soc. 132, 9570 (2010). [4] T. Kato, L. Jiao, X. Wang, H. Wang, X. Li, L. Zhang, R.
Hatakeyama, and H. Dai, Small 7, 574 (2011). [5] T. Kato and R. Hatakeyama, ACS Nano 6, 8508 (2012).[6] T. Kato and R.
Hatakeyama, Nature Nanotechnology 7, 651 (2012).

KS-06(

) Chemically-modified graphene nano-platelets and their electrode applications

JEONG Hee Jin
Nano Carbon Materials Research Group, Korea Electrotechnology Research Institute.
Development of flexible transparent electrode materials is one of the grand challenges of our times for future flexible or soft
electronics such as flexible display, flexible touch screen panel, flexible solar cell, etc. This requires development of highly
flexible and conductive materials, which can be applied in large areas. Chemical exfoliation of graphite is useful for mass
production of flexible graphene nanosheets. And the hybridization of graphene with various conductive materials such as
silver, carbon nanotube, and conductive polymer could enhance the electrical properties of graphene. For this reason,
chemically-modified graphene (CMG) nanoplatelets would be one of suitable candidates as an electrode materials for future
flexible electronics. In this talk, I will present our recent works on the fabrication and dispersion of graphene nano-platelets
from graphite, and on their applications for transparent electrodes. In addition, the fabrication of high performance CMG-based
conductive paste will be introduced.
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Silicene: experimental evidence and properties of the graphene-like form of silicon

FLEURENCE Antoine
School of Materials Science, Japan Advanced Institute of Science and Technology.
Silicene, an atom-thick honeycomb structure made of silicon atoms is now seriously considered as a possible alternative to
graphene. Although its structure is predicted to stabilize in a low-buckled form, its computed band structure also possesses π
bands forming Dirac cones at the K points of the Brillouin zone. Therefore, this two-dimensional allotrope of silicon, speculated
to be easier to integrate with existing Si-based technologies, is the object of an increasing interest for both the discovery of new
properties and for applications in high-speed electronic devices.So far, silicene only exists in a epitaxial form on metallic
substrates, resulting from either the deposition of silicon or, as we demonstrated, by the spontaneous segregation of silicon on
(0001) surface of zirconium diboride (ZrB2) thin films. The so-obtained atom-thick sheet is uniform over a large area and
therefore is a perfect template for the study of the properties of silicene. The multi-techniques investigation we carried out
pointed out the intimate relation between the internal structure of silicene and its electronic properties. In particular it shows that
a specific buckling of silicene, allowed by the larger degree of flexibility of its internal structure with respect to that of
graphene, is able to open a suitable gap in the Dirac cones.

KS-08 ( ) Synthesis of patched or stacked graphene and hBN flakes: An emerging route to hybrid
structure discovery
KIM Soo Min, HSU Allen1, ARAUJO P. T.1, LEE Yi-Hsien1, PALACIOS Tomás1, DRESSELHAUS Mildred2, IDROBO
Juan-Carlos3, KIM Ki Kang4, KONG Jing1
Department of Electrical Engineering and Computer Sciences, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139, USA/Institute of Advanced Composite Materials, Korea Institute of Science and Technology (KIST),
Republic of Korea. 1Department of Electrical Engineering and Computer Sciences, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA. 2Department of Electrical Engineering and Computer Sciences, Massachusetts
Institute of Technology, Cambridge, Massachusetts 02139, USA/Department of Physics, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA. 3Materials Science and Technology Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee 37831, USA. 4Department of Electrical Engineering and Computer Sciences, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139, USA/Nano Information Technology Academy (NITA), Dongguk University,
Seoul, 100-715, Republic of Korea.
Two-dimensional (2D) materials such as graphene and hexagonal boron nitride (hBN) have attracted significant attention due to
their remarkable properties. Numerous interesting graphene/hBN hybrid structures have been proposed but their implementation
has been very limited. In this work the synthesis of patched structures through consecutive chemical vapor deposition (CVD) on
the same substrate was investigated. Both in-plane junctions and stacked layers were obtained. For stacked layers, depending on
the synthesis sequence, in one case, turbostratic stacking with random rotations were obtained. In another, AA-like stacking
between graphene and hBN was observed, with lattice orientation mis-alignment consistently to be <1º. Raman
characterizations not only confirmed that hBN is a superior substrate but also revealed for the first time that a graphene edge
with hBN passivation displays reduced D band intensity compared to an open edge. These studies pave the way for the proposed
well-ordered graphene/hBN structures, and outline exciting future directions for hybrid 2D materials.
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Ballistic transport and photovoltaic effect in graphene/h-BN

MACHIDA Tomoki, MASUBUCHI Satoru, ONUKI Masahiro1, MORIKAWA Sei1, YAMAGUCHI Takehiro1, ARAI Miho1,
INOUE Yoshihisa1, WATANABE Kenji2, TANIGUCHI Takashi2
Institute of Industrial Science, University of Tokyo, Tokyo 153-8505, Japan and INQIE, University of Tokyo, Tokyo 153-8505,
Japan. 1Institute of Industrial Science, University of Tokyo, Tokyo 153-8505, Japan. 2National Institute for Materials Science,
Tsukuba, 305-0044, Japan.
We study magnetotransport in ballistic graphene mesoscopic wires on hexagonal boron nitride (h-BN), which was fabricated
using the mechanical exfoliation and transfer technique. Two-terminal resistance shows an anomalous peak structure, indicating
that the carriers are transmitted ballistically in an inner region of the conduction channel and scattered diffusively at the
boundary. The resistance peak occurs at a magnetic field which scales with the ratio of RC and W as W/RC = 0.95 independently
from W. The result suggests the characteristic commensurability ratio and unique boundary scattering in graphene. We also
study photoresponse in a high-mobility graphene quantum Hall system on h-BN. Mid-infrared light was irradiated to a
graphene/h-BN Hall-bar device and magnetotransport measurements were carried out at T = 1.5 – 200 K and B = 0 – 9 T. We
observed photoresponce signals induced by two independent mechanisms: the photovoltaic effect and the bolometric effect. The
photoresponse signal, whose amplitude is independent of the bias current, was detected in a quantum Hall regime with the
Landau-level filling factor n = ±2, thus indicating the photovoltaic effect due to the cyclotron resonance. The photoresponce
signal, whose amplitude is proportional to the bias current, was detected in transition regions between quantum Hall plateaus,
indicating the bolometric effect. The photovoltaic signal sustains up to T = 180 K, whereas the bolometric effect is strongly
suppressed above T = 50 K. The polarity of the photovoltaic signal changes systematically depending on the direction of the
quantum Hall edge channels.

KS-10 ( )

Synthesis of hexagonal boron nitride and its applications

KIM Ki Kang
Dongguk University-Seoul, Department of Energy and Materials
Engineering.
Hexagonal boron nitride (hBN), isomorph of graphene/graphite, has been
highlighted due to its potential applications including the substrate for
two dimensional electronics and the dielectric layer for top gate devices.
However, the synthesis of large area of hBN with high crystallinty is still
challenge. In the presentation, we first explore the recent trend of the synthesis of hBN by chemical vapor deposition and its
applications. Second, the difficulty of high quality of hBN synthesis with large area is addressed. Our understanding will be
helpful to synthesize the high quality of hBN.
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Improvement of resistive switching properties on NiO thin film using IAR treatment

PARK Bae Ho, KIM Yeon Soo, LEE Mi Jung, JEON Jihoon, NAM Yoon Seung, LEE Sangik, YOON Chan Soo, LEE
Keundong
Department of Physics, Konkuk Univ..
Resistive switching phenomena have intensive interests due to its application potential for next generation non-volatile memory
devices. There are so many researches to adapt for real application, however, their some drawbacks, such as poor operation
voltage distribution and high reset current, were critical obstacle.We deposited NiO thin films with reactive DC magnetron
sputter on Pt/Ti/SiO2/Si substrates at 500°C, and then various sized Pt electrodes were deposited. These films show typical
unipolar resistive switching behaviors. Before depositing top electrodes, we have treated NiO surface by using Ion Assisted
Reaction (IAR) with various conditions. Although Ar+ ion bombardment did not cause obvious thickness changes of the film,
fundamental properties of the NiO films, such as initial resistance, breakdown voltage, operation voltage distribution, have been
drastically changed. We believe that variations of nickel-oxygen bonding in vicinity of NiO surface were important role and
optimized Ar+ ion bombardment condition would improve resistive switching properties.

P1-K005
Memory Cell

Effect of Reactive Electrode on Nonvolatile Memory Characteristics for Conductive Bridge

SONG Myung Jin, SEUNG Hyun Min, PARK Dong Hyun, PARK Jae Gun*
Department of Advanced Semiconductor Material Device Development Center.
Present nonvolatile memory based on charge storage has been facing a scaling limit. For this reason, various emerging
nonvolatile memories are investigated as an alternative nonvolatile memory. Among them, a conductive bridge memory cell,
one of the emerging nonvolatile memories, has advantages because of highly scalable, low cost, and low power consumption.
The conductive bridge memory cell has the structure of the solid electrolyte sandwiched between a reactive electrode and inert
electrode. The conductive bridge memory is operated by switching the resistive state to create or ruptured a metal bridge in a
solid electrolyte. The metal bridge in solid electrolyte is formed by metal ion extracted from a reactive electrode. In this study,
we fabricated the device structure of the polymer solid electrolyte (polyethylene oxide) sandwiched between an inert electrode
(Ru) and a reactive electrode (Cu, Al and Ti). We analyzed the relation between the reactive electrode and memory
characteristics such as memory margin, retention time, and endurance cycle. As a result of our experiment, it was observed that
the device of Cu reactive electrode showed the best memory characteristics among devices of various reactive electrodes. In
particular, it was observed that the memory cell of Cu reactive electrode demonstrates the memory margin of 102 times.
Acknowledgments This work was financially supported by the Industrial Strategic Technology Development Program
(10039191, The Next Generation MLC PRAM, 3D ReRAM, Device, Materials and Micro Fabrication Technology
Development) funded by the Ministry of Knowledge Economy(MKE, Korea).
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P1-K008*

Nonlinear Current-Voltage Characteristics of Lateral Nano-Gap Metal-Insulator-Metal
Junctions : Application for Thin Film THz detector

JEON Youngeun, JUNG Sungchul, JIN Han Byul, KO Jae-Hyeon1, KIM Nam2, EOM Daejin3, PARK Kibog*
School of Electrical and Computer Engineering, KIER-UNIST Advanced Center for Energy, Ulsan National Institute of Science
and Technology. 1Department of Physics, Hallym University. 2Division of Convergence Technology, Korea Research Institute
of Standards and Science. 3Korea Research Institute of Standards and Science.
A lateral MIM (Metal-Insulator-Metal) junction is fabricated by cutting the Pt thin film electrode deposited on a SiO2/Si
substrate with FIB (Focused Ion Beam) sputtering and filling the nm-size gap formed between the two sides of Pt electrode with
an oxide material deposited by ALD (Atomic Layer Deposition). The current-voltage (I-V) measurements on the fabricated
MIM junction show the nonlinear characteristics similar to typical tunneling I-V curves. Together with this nonlinear I-V
characteristics, the small junction capacitance due to the small junction area defined by the cross-section of Pt thin film opens
up the possibility of the lateral MIM junction being used for THz electromagnetic wave detection.

P1-K009
,

,

Development of the silicon photomultiplier and measurement system

,
,
,
ETRI.
A silicon photomultiplier (SiPM) is used in diverse medical equipment such as positron emission tomography (PET), low dose
computed tomography (LDCT) and PET-magnetic resonance imaging (PET-MRI). And it has the advantages like low
production cost, compactness, and insensitive to magnetic field in comparison with the conventional photomultiplier tubes
(PMT). By adjusting epitaxial layer thickness, we fabricated the silicon photomultiplier with the various breakdown voltages.
We discussed system configuration and signal processing algorithm for measuring photon detection efficiency (PDE) and dark
rate. Also the results such as I-V characteristics, single photon detection from the silicon photomultiplier developed by ETRI
were presented.
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The effects of plasma treatment on MoS2 thin film transistors

CHOI MIN SUP, BYUN JAE HOON1, QU DE SHUN, LEE SEUNG HWAN
Sunkyunkwan University, SKKU Advanced Institute of Nano-Technology (SAINT). 1Sunkyunkwan University, Department of
Electronic Engineering.
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P1-K013*

Anisotropic Characteristics in Saturation Magnetization of Pd/Pt Based Perpendicular
Magnetic Anisotropy Materials
YANG Seungmo, LEE Jabin, AN Gwangguk, HONG Jinpyo
Hanyang University, Department of Physics.
Saturated magnetization anisotropy features especially along the in-plane direction are observed for the Pt/Co/Pt and Pd/Co/Pd
trilayer configurations by the various crystalline properties of seed layers. The crystalline properties of seed layers are
intentionally controlled with various sputtering powers or buffer layers. The anisotropy behaviors in saturation magnetization
that depend on the characteristics of seed layers may be associated with the induced magnetic moments inside Pt or Pd layer, a
common well-known theoretical prediction for perpendicular magnetic materials. The relation between perpendicular magnetic
anisotropy and anisotropy in the saturation magnetization is also discussed in detail.
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Fabrication and characterization of graphene based memory with V3Si nano-particles

KIM Dongwook, LEE Dong Uk, KIM Eun Kyu
Department of Physics, Hanyang University.
We fabricated the graphene based flash memory with V3Si (vanadium silicide) nano-particles (NPs) as storage nodes. The
single graphene layers on SiO2 (285 nm)/Si(p-type) substrate were deposited by using chemical vapor deposition. After that, 10nm-thick SiO2 tunnel layer was deposited by ultra-high vacuum (UHV) sputter which base pressure was 1 x 10-10 Torr. Then,
the V3Si thin layer was deposited at room temperature using a V3Si target by sputter. In this case, the working pressure and
power were 3 x 10-3 Torr and 50 W, respectively. The nominal thickness of the deposited V3Si thin layer was about 6 nm. The
10-nm-thick SiO2 control oxide layer was deposited by UHV sputtering. To create the V3Si NPs, post-annealing process was
performed in N2 gas ambient at 800 oC for 5 s by the rapid thermal annealing. Finally, the gate electrodes were formed on the
top of SiO2 control layer. The flash memory device was characterized by a HP4156A precision semiconductor parameter
analyzer. We will discuss the electrical characteristics of the graphene based flash memory with V3Si NPs for next generation
memory applications.
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Abnormal Grain Growth Properties for SnO2 Thin Films

JEONG Jin, MIN Soon1
Department of Physics, Chosun University. 1Department of Nursing, Chosun Nursing College.
SnO2 thin films were grown on Si substrate using the chemical vapor deposition method. The surface of the thin film was
examined using a High-Resolution Transmission Electron Microscope (HR TEM) and a Field Emission Scanning Electron
Microscope (FE-SEM). Normal shaped grains and Abnormal grain structures were observed on the SnO2 thin films that were
exposed to air after first deposition and during re-deposition in anaerobic conditions in the CVD.

P1-K017*

Enhancing the Electrical Contacts of SnO2 Nanowires Field Effect Transistor by Local
Annealing with Induction Heating
SHIN Jong Mok, CHOI Jae Wan, NA Junhong, YOU Min Youl, PIAO Ming Xing, KIM Gyu Tae
School of Electrical Engineering, Korea University.
The induction heating effect of the SnO2 nanowire field effect transistors (FETs) was investigated. In order to make good
electrical contacts between the channel and the metal electrode, the annealing process is required in the semiconductor
fabrication processes. When the chamber or the substrate heating is used, the entire device is heated. The induction heating,
however, can selectively heat only the metal electrode so that the annealing process can be done locally with a good
controllability. For this research, the SnO2 nanowire FETs was fabricated. The SnO2 nanowires were transferred on a
SiO2/p++-Si substrate by the sliding transfer technique. Photolithography was used to pattern drain and source electrodes, and
p++-Si substrate was used for the bottom gate electrode. The electrical characteristics were measured by using Keithley 4200.
Heating processes were for 10 seconds with various RF power. The on-off ratio was enhanced when RF power was increased.
The mobility was also increased after induction heating and the threshold voltage was positively shifted (-17V to -5V).
Therefore, the induction heating can improve the device performance in the case of the rigid substrate. It can be applied to the
flexible polymer substrate considering the advantange of the selective heating.
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Relaxed-SiGe on insulator for High Hole Mobility MOSFET by Condensation and

Annealing

LEE Seung-Eun, KIM Tae-Hyun, LEE Du-Yeong, SONG Seung-Hyun, JEON Min-Su, TAKEMURA Yastaka1, SHIM TaeHun, PARK Jea-Gun
Hanyang univercity, Department of Electronics and Computer Engineering. 1SUMCO Corporation, Epitaxial Engineering
Section.
Nowadays, the size of MOSFETs has been continuously miniaturized and the short channel effect has become one of the critical
issues for achieving future scaling [1]. Thus, the C-MOSFETs fabricated on using some substrates, which has high mobility
(Ge, GaAs, InP, InAs, InSb), is expected to be one of key devices for high performance and low power advanced LSIs in the
future [2,3]. Especially, we could be expected high hole mobility of SiGe-on-insulator(SGOI) p-MOSFET compared to
conventional Si based p-MOSFET. This reason is effective mass reduction of injection velocity which affects carrier mobility
when the channel length was reduced [4]. In this paper, we evaluated p-MOSFET characteristics fabricated on both SGOI and
SOI substrate, respectively. First, we prepared a 70nm-thick SOI substrate and the 73 nm-thick SGOI with x=0.35 and the 56
nm-thick SGOI with x=0.47 substrates were individually fabricated via Ge condensation process [5]. In addition, we made pMOSFETs fabricated on the SOI and the SGOI substrates (x=0.35, 0.47) respectively. For physical and electrical properties, we
analyzed the each substrate by AFM, Raman and measured I-V characteristics. The surface roughness of the substrates were 0.2
nm (SOI), 0.69 nm (SGOI x=0.35) and 0.73 nm (SGOI x=0.47), respectively. Compressive strain of SGOI layer was 0.157%,
0.677%, respectively. Finally, effective hole mobility of the each p-MOSFET was 19.70 cm2/V・s (SOI), 25.51 cm2/V・s(SGOI
x=0.35), 41.73 cm2/V・s(SGOI x=0.47) at 0.1 MV/cm effective field. In conclusion, we confirmed that compressive strain effect
is more dominant than surface roughness effect in phonon-scattering region. For further study, it is necessary to improve surface
roughness and leakage current by introducing post annealing and passivation treatment. *This work was supported by “Nextgeneration substrate technology for high performance emiconductor devices (No. KI002083)” sponsored by the Korean
Ministry of Knowledge Economy (MKE) and by the Brain Korea 21 Project in 2012, Korea.

P1-K019*

Hydrogen Implantation for Surface Passivation of N-type Emitter Layer in Si Solar Cell by
High Current Gaseous Ion Beam Implanter

LIM Gyoungho, KIM Kiseok, PARIDA Bhaskar, CHOI Jaeho, LEE Jae
Sang1, KIM Keunjoo
Chonbuk National University, Department of Mechanical Engineering
and Research Center of Industrial Technology. 1Korea Atomic Energy
Research Institute.
We investigated the passivation of Si solar cell using protons to improve
the conversion efficiency. We have implanted 6 inch p-n junction Si solar
cell with hydrogen ion about a doze of 1017 H+/cm2 and electron energy
of 30 KeV by high current gaseous ion beam implanter. Amorphous Si
was showed in the implanted Si solar cell at Raman peak of 480 cm-1 and
was changed to 520 cm-1 corresponding to crystalline Si after annealing
at 900℃. However, the band gap of Si solar cell implanted hydrogen ion
was also changed to the value between 1.12 eV and 1.7 eV from 1.12 eV. Futhermore, we will present the result and discussion
in details. This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea
government(MEST) (No. 2012M2B2A4029559)
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. This research was supported by the Basic Science Research
Program through the National Research Foundation of Korea(NRF)
tunded by the Ministry of Education, Science and Technology
(2012R1A1A2002076).
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P1-K021

Investigation on nitrogen and aluminum depth profiling in silicon carbide by secondary ion
mass spectrometry
,

,

,

.
Silicon carbide (SiC) are becoming an important material for high power, high temperature, high frequency and high radiation
devices due to its superior electronic and thermal properties. Obtaining the exact depth profiling in SiC requires high mass
resolution and high sensitivity. Basically, surface analysis techniques such as X-ray photoelectron spectroscopy (XPS) and
Auger electron spectroscopy (AES) have been used successfully for analysing thin films. However, these techniques have poor
sensitivity to detect below 1.0 atomic %. Secondary Ion Mass Spectrometry (SIMS) is an ideal technique for quantitative depth
profiling of dopants and contaminants in various material due to its unique capabilities of high detection sensitivity. In this
study, we prepared two SiC wafers implanted with nitrogen and aluminum which are two major dopant species of SiC. One 2”
diameter wafer was implanted with 100 keV 14N to a nominal dose of 5e14 atoms/cm2. The second 2” diameter wafer was
implanted with 150 keV 27Al to a nominal dose of 2e13 atoms/cm2. Based on this ion implanted samples, we investigated N
profiles and Al profiles in SiC substrate using high mass resolution technique of SIMS. The influence of mass interference ions
on the detection of nitrogen and aluminum was described. We present the results showing a dramatic improvement of the
detection limit.

- 530 -

2013 봄 학술논문발표회 및 제89회 정기총회

2013.04.24-26, 대전컨벤션센터

P1-K022*

All-solution-processed inverted polymer solar cells with low temperature, water-processable
hybrid electron-collecting layers
,

,
,
,
.
We herein report on a highly simple and efficient all-solution-processed
inverted polymer solar cell (PSC), which consists of a bulk-heterojunction
(BHJ) photovoltaic (PV) layer with a low-temperature, water-processable
electron-collecting layer (ECL) made of a hybrid poly(ethylene oxide) (PEO) and cesium carbonate (Cs2CO3) compound. For
the BHJ PV layer of poly(3-hexylthiophene):phenyl C61-butyric acid methyl ester (P3HT:PCBM) with the hybrid PEO: Cs2CO3
ECL and a solution-coated anode of silver nanoparticles (NPs), it was found that a power conversion efficiency (PCE) of around
2.5% could be achieved for PSCs fabricated entirely from solution in air at a low processing temperature below 150 °C, using
the inverted structure on a glass substrate. This PV performance is mainly attributed to the efficient charge-carrier collection
caused by selecting a suitable work function of the PEO:Cs2CO3 layer with respect to the lowest unoccupied molecular orbital
level of the PCBM acceptor. Moreover, even for a fully solution-processed flexible inverted PSC on a plastic substrate, a
relatively high PCE of 1.3% was obtained. The use of this hybrid ECL in all-solution processable inverted PSCs could be of
considerable benefit in the development of cost-effective and highly efficient all-solution- and roll-to-roll processed inverted
PSCs.
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MoS2 Thin Film Characteristics Deposited with Pulsed Laser Deposition

ROCK Heo, YONG SOO Kim
University of Ulsan, Dep. of Physics and Energy Harvest-Storage Reseach Center.
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P2-K025*

O2 and air exposure effect on amorphous In-Ga-Zn-O thin film investigated by highresolution x-ray photoelectron spectroscopy

KANG SeJun, BAIK Jae Yoon1, SHIN Hyun-Joon2
POSTECH. 1Pohang Accelerlator Laboratory. 2Pohang Accelerlator Laboratory, POSTECH.
Thin-film transistors (TFTs) using transparent amorphous oxide semiconductor channels such as a-In-Ga-Zn-O (a-IGZO) are
expected for driving TFTs for high-resolution organic light-emitting diode displays (OLEDs) and large-size liquid crystal
displays (LCDs) because they have excellent TFT characteristics such as a small subthreshold swing (SS) <0.1V/decade, a large
mobility ~10cm2(V·s)-1, and high on-off ratio >108. For practical applications, the reliability and stability are crucial issues and
the threshold voltage (VTH) stability is a critical issue for stable TFTs working under air exposure environment. There have
been intensive studies performed to understand the mechanism of the threshold voltage shift (ΔVTH) of the a-IGZO TFT upon
exposure to O2 and air, but these are carried out under limited conditions and detailed understanding on the origin of ΔVTH is
not clarified yet. In this study, O2 and air were exposed on sputter-cleaned amorphous In-Ga-Zn-O thin-film surface and the
spectral changes at the O 1s, In 3d, Ga 3d, Zn 3d and valence band were investigated by soft-x-ray photoelectron spectroscopy.
Both the exposures reduced the oxygen vacancy representing deep subgap state, which is located above the valence band
maximum, and metallic states near the Fermi energy and at the In 3d. Higher oxidation state than unexposed metal oxide was
negligibly observed at the metal 3d orbitals. The results imply that the exposures effectively fill oxygen vacancies and decrease
free electrons.
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P2-K028*

Effect on bias stress instability in amorphous In-Ga-Zn-O thin film transistors with
annealing condition

PARK Jae-gun, LEE Hyoung-rae, KIM Ji-heon, KWON Kyoung-cheol, PARK Joo-hyeong1, PARK Jin-seong1
,
. 1
,
.
Amorphous In-Ga-Zn-O thin film transistor have gained wide attention in recent years due to their good uniformity, high fieldeffect mobility and low cost process. Although IGZO TFT have high device performance, it is certainly necessary to obtain the
device stability under bias and temperature condition. The improvement of device stability under external environments is
considered to be an important subject for the development of a-IGZO TFTs.To improve the a-IGZO TFTs characteristic and
stability, the annealing condition was invested. The a-IGZO TFTs have an inverted staggered bottom gate structure with a
channel with (W) of 5um and a channel length (L) of 40um. The a-IGZO channels are deposited at RF powers of 40W. The
sample was subjected to thermal annealing at 200, 300 and 400℃. Additionally, the pre-annealing and the post-annealing were
carried out with the selectivity. The roughness and the amorphous state according to the annealing temperature were analyzed.
Additionally, the effect of the annealing step on the bias thermal instability of the TFTs were examined. The thermal annealing
at 400℃ show the excellent properties of a field-effect mobility (5.76cm/Vs), S value (0.652V/decade) and Ion/off (~1 × 107).
The double annealing process improved the instability of the a-IGZO TFTs under the bias thermal stress. It was found that the
enhancement was caused by reduction of the defect on the gate dielectric/channel layer interface. Acknowledgements This
research was supported by the Converging Research Center Program funded by the Ministry of Education, Science and
Technology (Project No. 2012K001445)

P2-K029

Role of thermally induced metallic filaments in post-annealed tantalum oxide-based
TiN/TaOx/Pt resistive switching matrix

BAEK Gwang Ho, BAE Yoon Cheol, LEE Ah Rahm
.
Thermal annealing influence on tantalum oxides in a TiN/Ta2O5-x/Pt resistive switching configuration is studied. As-grown
amorphous tantalum oxide leads to typical bipolar resistive switching behavior after electroforming step. Thermal annealing
process at 700°C on the as-grown amorphous tantalum oxides induces the crystallized poly (alpha)-Ta2O5 structure,
demonstrating the change of electroforming free resistive switching cells. The experimental observations of forming free cells
indicate the appearance of thermally induced metallic filaments after proper electroforming steps
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2013.04.24-26, 대전컨벤션센터

Performance of in-situ remote plasma-treated amorphous multi-layered IGZO thin film

transistors

KIM Taeyoon, KOO Ja hyun, KANG Taesung, HONG JinPyo
Department of Physics, Hanyang University.
The amorphous indium-gallium-zinc-oxide (a-IGZO) is one of the promising materials for use in the recent display research
fields due to high mobility and excellent transparency. However, the stability of a-IGZO is increasingly becoming one of critical
problems mainly due to the sub-gap electron trap sites easily induced by the rough interfaces of a-IGZO. Therefore, we report a
novel growth technique for the effective reduction of threshold voltage shifts with an external rf plasma integrated sputtering
method. This growth technique is intentionally designed to provide the smooth surface of a-IGZO thin film, corresponding to
the reduction of shallow electron trap sites in the interface. In addition, multi-layered IGZO configurations prepared by different
nitrogen partial pressures and various external rf powers were chosen for possibly better electrical performance. Structural
observations were performed using scanning Electron Microscopy and atomic force microscopy (AFM) systems, together with
I-V characteristics.
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Preferred Orientation Selection of GaN Grown on m-plane Sapphire Substrate

,

,

,
.
GaN is known to have three possible preferred crystallographic orientations ([1-100], [1-103],[11-22]) when grown on bare mplane sapphire substrates. The origin of preferred orientation selection is not well understood yet, but the [1-103] direction is
commonly observed as a preferred orientation of GaN on m-plane sapphire substrate. In this work, we investigated the
correlation between growth parameters and three possible preferred orientations. It was found that preferentially [1-100]oriented GaN domains could be grown without low-temperature nitridation or a buffer layer over the wide range of V/III ratio.
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P2-K049

Effects of AlGaAs Bottom Window on Enhancement of Light Extraction Efficiency in
620nm AlGaInP Light Emitting Diodes

LEE Hyung Joo, CHO Yong Dae, JANG Eun Jung, KIM Young Jin,
JANG In Kyu, SEO Jae Bong, OH Hwa Sub1, AHN Su Chang1, KIM Jae
Hoon2
AUK Corporation. 1Korea Photonic Technology Institute
(KOPTI). 2Next Generation Industrial Radiation Technology.
The effects of AlGaAs bottom window to improve the light extraction
efficiency of 620nm AlGaInP lighting emitting diode (LED) were
investigated. The AlGaAs BW (bottom window) in increment of emission
cone angle of lights from active region to absorbing substrate was
fabricated between n-confinement and distribution Bragg reflector (DBR)
using metal organic vapor deposition (MOCVD). It was found that light
extraction efficiency of AlGaInP LED can be improved significantly by
bottom window which induce lights out of diode through side wall. At injection current of 80mA, output power of 8.2mW from
620nm AlGaInP LED with both BW and DBR shows almost two-fold performance as compared to that of 4.2mW from
conventional one.

P4-K050

Syudy on exciton-phonon coupling and free excitons energy of CdS/GaAs epilayers grown
by hot wall epitaxy
HONG Kwangjoon
Department of physics Chosun University.
Hexagonal-structured CdS/GaAs epilayers were grown by the hot-wall epitaxy method. From the Raman spectrum, we found
that the exciton-phonon coupling is deeply related to the dimensionality. The optical properties attributed to the thermal
quenching phenomenon of CdS were studied through photoluminescence (PL) measurements as a function of temperature. With
an increase in the temperature, PL intensities of free excitons were exponentially reduced and their spectral width showed a
tendency to broaden. This tendency is related to the phonons generated by the lattice vibration of the host material in CdS.
These findings led us to conclude that the phonons may be participating in the quenching process.
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Optimum conditions of growth on p-type photoconductive CuInSe2 layers and their

application in n-CdS/p-CuInSe2 solar-cells

HONG Kwangjoon
Department of physics Chosun University.
Copper indium diselenide (CIS) layers, which are now showing promise as solar-cell materials, were successfully grown on
GaAs(100) substrates using the hot wall epitaxy (HWE) method. The photoconductive CIS layers were grown along the <112>
direction having a beneficial gain for solar energy conversion. From the Hall effect measurements, the mobility tended to
decrease as a function of T-3/2 in the high temperature range (T>130 K), and increase as a function of T3/2 in the a low
temperature range (T<50 K). Also, from the photocurrent (PC) measurements, three peaks, A, B, and C, corresponded to the
intrinsic transition from the valence band states of Γ7(A), Γ6(B), and Γ7(C) to the conduction band state of Γ6, respectively. The
temperature dependence of the optical band gap obtained by the PC measurements could be expressed by using the empirical
equation Eg(T) = Eg(0) - (8.57 x 10-4)T2/(T + 129). By conducting solar cell fabrications, a 14.3% efficiency for n-CdS/p-CIS
heterojunction solar-cells was achieved. This achievement suggests that the improved quality of the absorber layer, grown using
the HWE method, contributes to the high performance of CIS solar cells.

P4-K052

Optical and photocurrent spectroscopy properties of photoconductive CdGa2Se4 layers

HONG Kwangjoon
Department of physics Chosun University.
The photoconductive CdGa2Se4 layer was grown through the hot wall epitaxy method. From the photocurrent (PC)
measurements, the three peaks in the PC spectra are associated with the band-to-band transitions. The PC intensities were
observed to decrease with decreasing temperature. Also, the valence-band splitting on CdGa2Se4 could be observed by means of
the PC spectroscopy. The crystal field splitting and the spin orbit splitting led out to be 0.1604 and 0.4179 eV, respectively. The
temperature dependence of the optical band gap on the CdGa2Se4 by conducting the PC measurement has been precisely
estimated. Furthermore, the band-gap energy of CdGa2Se4 at room temperature found out 2.5446 eV.
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P4-K053
epilayers

2013.04.24-26, 대전컨벤션센터

Crystal field splitting and energy bandgap energy from photocurrent siginal in CdIn2S4

HONG Kwangjoon
Department of physics ChosunUniversity.
The high-quality CdIn2S4 films were grown on semi-insulating GaAs (100) by a hot-wall epitaxy method. From photocurrent
(PC) measurement, the PC spectra in the temperature range of 30 and 10 K appeared to the three peaks at the short wavelength
region. It was found that three peaks, A-, B-, and C-excitons, correspond to the intrinsic transition from the valence band states
of Γ4(z), Γ5(x), and Γ5(y) to the exciton below conduction band state of Γ1(s), respectively. The 0.122 eV crystal field splitting
and the 0.017 eV spin orbit splitting were obtained. Thus, the optical band gap obtained from the PC measurement was well
(7.65 × 10-4 eV/K)T2/(425
T). Consequently, the band-gap energy was easily extracted
described by Eg(T) = 2.7116 eV
through the PC spectroscopy.

P4-K054

Lattice constants and mobility properties for MgGa2Se4 epilayers

HONG Kwangjoon
Department of physica Chosun University.
A stoichiometric mixture of evaporating materials for MgGa2Se4 single crystal thin films was prepared from horizontal electric
furnace. The crystal structure of these compounds has a rhomboheral structure with lattice constants a0= 3.953 , c0= 38.890
. To obtain the single crystal thin films, MgGa2Se4 mixed crystal was deposited on thoroughly etched semi-insulating GaAs
(100) substrate by the Hot Wall Epitaxy (HWE) system. The source and substrate temperatures were 610℃ and 400℃,
respectively. The crystalline structure of the single crystal thin films was investigated by the double crystal X-ray rocking curve
and X-ray diffraction ω-2᠃e carrier density and mobility of MgGa2Se4 single crystal thin films measured from Hall effect by

van der Pauw method were 6.21×1018 cm-3 and 248 cm2/v·s at 293K, respectively. The optical absorption of MgGa2Se4 single
crystal thin films was investigated in the temperature range from 10K to 293K. The temperature dependeiýeРӀ©Ӏ©he optical
energy gap of the MgGa2Se4 obtained from the absorption spectra was well described by the Varshni's equation, .

- 546 -

2013 봄 학술논문발표회 및 제89회 정기총회

P4-K055

2013.04.24-26, 대전컨벤션센터

Free excition energy obtained from photoluminescience measurement for CuAlSe2 epilayers

YOU Sangha, HONG Kwangjoon
Department of physics Chosun University.
The CuAlSe2(112)/GaAs(100) heteroepitaxial layers were grown by the hot wall epitaxy (HWE) method. From the
measurements of the Laue patterns and the double crystal X-ray diffraction, the CuAlSe2 epilayer was confirmed to the
epitaxially grown layer along the <112> direction onto a GaAs (100) substrate. The Hall mobility and carrier density of the
CuAlSe2 epilayer at 293 K were estimated to be 295 cm2/V·sec and 9.24 x 10-16 cm-3, respectively. This mobility is
approximately one order higher than the reported value. From the temperature dependence of the Hall mobility, the scattering at
a high temperature range was mainly due to the acoustic mode of lattice vibration. The scattering at a low temperature was the
most pronounced range due to the impurity effect. From the low-temperature PL experiment, we observed the sharp and
intensive free-exciton peak at 2.7918 eV. Also, this peak existed far more in the short-wavelength region than 2.739 eV of free
exciton measured from the epilayer grown by the metalorganic chemical vapor deposition .

P4-K056

Studies on Optimum conditions of growth and temperature dependence of mobility for
ZnGa2Se4 epilayers

HONG Kwangjoon
Department of physic, Chosun University.
The stochiometric mix of evaporating materials for the ZnGa2Se4 single crystal thin films were prepared from horizental
furnace. The polycrystal structure obtaind from the power x-ray diffraction was defect chalcopyrite. The lattice costants a0 and
c0 were a0=5.51 A, c0=10.98 A. To obtains the single crystal thin films, ZnGa2Se4 mixed crystal were deposited on throughly
etched Si(100) by the Hot Wall Epitaxy (HWE) system. The temperates of the source and the substrate were 590℃ and 450℃,
respectively. The crystalline structure of single crystal thin films was investigated by the double crystal X-ray diffraction
(DCXD). Hall effect on this sample was measured by the method of van der Pauw and studied on carrier density and mobility
dependence on temperature.
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P4-K057
,

DLTS
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P4-K058*
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Dielectric Function and Transition Energy of Amorphous and Crystalline Ge1-xTex

Thin Films
,

Mo

CIGS film
Cu, In, Ga, Se 4

,

1,

1,

1,

. 1
.
Ge1-xTex thin films were grown on SiO2(300nm)/Si substrate using thermal coevaporation deposition. The ellipsometric angles
of amorphous (a-) and crystalline (c-) Ge1-xTex films were measured using spectroscopic ellipsometry in order to investigate
electronic properties of these alloys. The dielectric functions of Ge1-xTex thin films were estimated via multi-layer model
analysis of the ellipsometric angles. We assumed four phases: surface roughness, Ge1-xTex, SiO2, and Si substrate. Furthermore,
the parametric optical constant model was used as the model dielectric function of Ge1-xTex thin films. The optical gap energy
was estimated using linear extrapolation of absorption coefficients derived from the dielectric functions. The optical gap energy
of a-Ge1-xTex films increased continuously with increasing Te composition, whereas the indirect gap energy of c-Ge1-xTex films
decreased. Using the second derivative spectra of the dielectric functions of a-Ge1-xTex alloys and the standard critical point
model, optical transition energies of a-Ge1-xTex alloys were obtained. The optical transition energies were not only consistent
with the density of states of photoemission spectra reported in the literature, but also provided more detailed structures for the
joint density of states for a-Ge1-xTex alloys.
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P4-K059*

2013.04.24-26, 대전컨벤션센터

Structural and Optical Properties of ZnO-ZnS Alloying Thin Films by Pulsed Laser

Deposition

CHOI Hai In, KIM Sang Wook, KIM Won Jeong, LEE Myang Hwan1, KIM Da Jeong1, LEE Woong1, SONG Tae Kwon1, KIM
Myong-Ho1, DO Dalhyun2
Changwon National University, Department of Physics. 1Changwon National University, School of Nano & Advenced Material
Engneering. 2Keimyung University, Department of Advanced Materials Engineering.
ZnO and ZnS alloying thin films were studied for potentially application the solar cell electrode. The ZnO and ZnS have wideband gaps (~3.3 eV and 3.68 eV, respectively) with a hexagonal structure and their band gaps could be engineered by chemical
alteration of O and S sites. Solubility limits of S in ZnO and O in ZnS were known to be less that 10 at % due to electronegativity and bonding length differenced. However, non-equilibrium ZnO1-xSx thin films having S content higher than
solubility limit were grown by a pulsed laser deposition system using controlled the deposition conditions of oxygen pressure.
The structures of ZnO1-xSx thin films were investigated by an X-ray diffractometer confirming the formation of the hexagonal
Wurtzite structure. Composition of the films were analyzed by an energy disperse spectroscopy. Optical properties of the films,
including transmittance and energy band gap, were studied by an UV-IR spectroscopy. Details of the results will be presented in
the presentation.
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P4-K061

2013.04.24-26, 대전컨벤션센터

Optical and electrical properties of the p-type Li-doped ZnO thin films

GUOJIE LI, JOO HYUN LEE, SAES BYUL KIM, JUNG HYUN
JEONG, BYUNG CHUN CHOI
.
This article introduces the way of Li doped into ZnO. Thin films of Lidoped ZnO with different compositions have been prepared on heavily
doped Si substrates by a pulsed laser deposition technique, and we get the
good quality transparent conducting oxides thin film. The analyses on the
deposited thin films tested in the Hall measurements at room temperature
show that some of the thin films are p-type electrical conductivity which
were made at certain conditions. The optimized results obtained at 500℃,
5 at.% Li-doped concentration are 91.3Ωcm in electrical resistivity,
14.37cm2/V s in Hall mobility and 7.540×1019 cm−3 in hole
concentration, respectively. The scanning electron microscope (SEM) and
atomic force microscopy (AFM) showed the surface of the thin films was
smooth and grain size was small. The smallest roughness of the surface
was 0.767nm.The optical transmission of the .Zn1-xLixO thin films are
good, most are over 80%; Photoluminescence (PL) spectroscopy of these
films was carried out.

P4-K062
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P4-K064

Properties of gold and aluminum cantacts for CdMnTe crystals.

KIM Jaehak, PARK Seungmin, AHN Heejin, HWANG younghun1, UM youngho
Department of Physics, University of Ulsan, Ulsan 680-749, Korea. 1Basic Science Research Institute, Ulsan, Ulsan 680-749,
Korea.
We have investigated gold (Au) and aluminum (Al) contacts with Cd1-xMnxTe crystals grown by the vertical bridgman
method. Metal contacts were deposited on CdMnTe bulk through electroless, sputtered and evaporated. Current-voltage curves
are measured in order to check the form of the contacts. I-V characterizations revealed that the sputtered Au contacts are ohmic.
Both the ohmicity and the schottky barrier height, between the metal and CdMnTe are also investigated.
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P4-K065*

2013.04.24-26, 대전컨벤션센터

Pressure dependence on the energy band gap of gamma-In2Se3

PARK Hyeonjeong, CHOI In Hwan
Department of physics, Chung-Ang University.
Single γ-phase In2Se3 film was prepared by metal organic chemical vapor deposition (MOCVD) method with a single source
precursor [(Me)2In(μ-SeMe)]2. The basic physical properties of grown film were examined by x-ray diffraction (XRD), Raman
spectroscopy and photoluminescence (PL) spectroscopy at room temperature. The pressure dependence of PL spectrum of
In2Se3 film was measured at room temperature. The lattice constants of γ-In2Se3 are a=7.11 A, c=19.25 A. Raman peaks at 157
cm-1 that is related to zone center mode, at 181 cm-1 and 209 cm-1 that is concerned in folding of the TO and LO modes
coming from Brillouin zone boundary, and at 233 cm-1 that is connected with Se chain vibrations are observed. Three PL peaks
due to a band-to-band, a free-to-bound and a bound-to-free transition are observed at the peak positions of 1.89 eV, 1.64 eV and
1.41 eV, respectively, at room temperature and 1atm, and those pressure coefficients, dE/dP|T, of each PL peaks are 0.02±0.004 eV/GPa, 0.10±0.005 eV/GPa and -0.001±0.0005 eV/GPa, respectively. Both a shallow donor level having the
activation energy of ~480 meV and a deep acceptor level having the activation energy of ~250 meV are presented in γ-In2Se3
thin film grown by MOCVD.

P4-K066
sputtering.

Substrate effect on structural properties for CdMnTe thin films grown by magnetron co-

AHN Heejin, PARK Seungmin, UM youngho
Department of Physics, University of Ulsan, Ulsan 680-749, Korea.
Semiconductor nuclear radiation detectors have experienced a rather rapid development in the last few years[1]. They are now
used in a large variety of field, including nuclear physics, X-ray and gamma ray astronomy and nuclear medicine. In recent
years, a substantial international effort has been invested in developing a range of compound semiconductors with wide band
gap and high atomic number for X-ray and gamma ray detectors. Among the compound semiconductors, CdTe , CdZnTe(CZT),
and CdMnTe(CMT) are the most promising materials for radiation detectors with good energy resolution, high detection
efficiency and room temperature operation[2]. We have investigated the properties of diluted magnetron semiconductor Cd1xMnxTe thin films with various substrates by using magnetron co-sputtering system. The observed XRD pattern showed that the
Cd1-xMnxTe thin films had zincblede structure. And the lattice constant was changed depending on the various substrates.
Moreover, FESEM images indicated that the thickness was different from various substrates and their images will be presented
in detail.
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P4-K067
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2013.04.24-26, 대전컨벤션센터
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Study on the properties of ZnO:B/p-Si structured heterojunction diode as a photodetector

LEE Sanghyup, CHOI In-Hwan
Chung-Ang University , Department of physics.
Boron doped ZnO thin films were deposited on p-type silicon substrates by MOCVD method. Although many researchers have
studied its application as a new type of solar cell due to its simple manufacturing method and low cost, ZnO/Si structure solar
cell have not yet shown competent energy conversion efficiency. Accordingly, we report on the properties of ZnO:B/p-Si
heterojunction diodes as a photodetector. The flow rate of B dopant gas was varied between 7 and 10 sccm to make each sample
have different donor concentrations. The crystal structure and quality of ZnO:B films deposited on p-Si substrates were
confirmed by X-ray diffraction measurement and the film thickness and morphology were observed by scanning electron
microscopy. In order to observe the change of both Isc and Voc, I-V measurement was performed under various intensity of
illumination including dark, and Hall coefficient at room temperature was also measured.
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P4-K069

2013.04.24-26, 대전컨벤션센터

Temperature dependence of radiative recombination time in ZnO nanorods

KIBA Takayuki3, MURAYAMA Akihiro3
,
. 1
,
. 2
,
. 3Hokkaido University,
Graduate School of Information Science and Technology.
Dimensional nature of an electron-hole pair can be manifested by temperature dependence of radiative recombination time as
the confinement modifies the density of states. We have studied temperature dependence of time-resolved photoluminescence in
MBE-grown ZnO nanorods. The emission energy reduction and spectral broadening for increasing temperature were
investigated separately for free exciton, bound exciton, and various LO-phonon replicas. Also, the time-resolved
photoluminescence of the individual emitters were measured, where the radiative and non-radiative recombination decay times
were obtained respectively. Temperature dependence of the radiative recombination for the various emitters reveals that the 1dimensional nature of an free exciton is not significant for nanorods due to large confinement sizes, and bound excitons also
show similar feature.
,

P4-K070

1,

2,

Transmission Electron Microscopy of ZnO Thin Films Grown at RT

JANG Young rae
Korea Atomic Energy Research Institute, Neutron Science Division.
ZnO has attracted much attention due to their potential applications in electronics and optoelectronics. ZnO thin films were
grown by pulsed laser ablation technique on Si substrates at room temperature. The fine structure of ZnO was investigated with
transmission electron microscope. Plan-view and cross-sectional specimens were prepared by ion milling process.
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P4-K071*

2013.04.24-26, 대전컨벤션센터

Dopant activation analysis of Lithium-doped ZnO nanowires prepared by Hydro-thermal

process

LEE Sanghyo, KO Wonbae, HONG Jinpyo
Department of physics, Hanyang University.
We report optical characteristics of reliable Li-doped ZnO nanowires grown by hydrothermal method, along with structural
properties. The transmission electron microscopy and selective area electron diffraction analysis are conducted to ensure the
single crystalline structure of vertically well-aligned Li- doped ZnO nanowires. The temperature-dependent photoluminescence
spectra clearly exhibit an acceptor bound exciton peak at 3.355 eV, an energy level of conduction band to the acceptor transition
at 3.316 eV, and a donor to the acceptor pair transition at 3.241 eV. In particular, the acceptor energy level of Li- dopant is
estimated to be 121 meV above the valance band. It is in good agreement with the analytical results of the previously considered
p-type dopants, such as N, P and As.

P4-K072

Electrical properties of ZnO film with In2O3 nanoparticles during 0.2 MeV electron beam

irradiations

LEE Dong Uk, KIM Dongwook, KIM Eun Kyu, PAK Hyung Dal1, LEE Byung Cheol1
Department of Physics and Quantum-Function Research Laboratory, Hanyang University, Seoul 133-791. 1Radiation
Instrumentation Research Division, Korea Atomic Energy Research Institute, Daejeon 305-353.
High energy electron beams are able to generate defect during losing kinetic energy in semiconductor materials. In general, the
oxygen vacancies are dominantly generated in ZnO film by 1-2 MeV electron beam. Also, it was reported that the resistive
switching mechanism of ZnO based resistive memory device may be filament effect due to the migration of oxygen vacancies.
We studied the electrical properties of the ZnO film with In2O3 nanoparticles (NPs) during 0.2-MeV-electron beam irradiations.
Before the electron beam irradiation, the ZnO film inserted In2O3 NPs layer fabricated on Pt (100 nm)/Ti (50 nm) / glass
substrate. Here, the 50-nm-thick Ti layer was deposited to improve adhesion of bottom electrode on glass substrate by e-beam
evaporator. And then, the Pt layer of 200-nm-thickness was deposited on the Ti layer/ glass substrate by direct current sputter.
The bottom and top ZnO layers with 100-nm-thickness were deposited by ultra-high vacuum (UHV) radio frequency sputter at
base pressure 1x10-10 Torr. Then, the In2O3 NPs between ZnO layers were formed by indium thin film during thermal
evaporation. For this device structure, 0.2 MeV electron beams with dose of 1x1014, 1x1015, and 1x1016e/cm2 were irradiated,
considering the penetration depth of electron beam through Monte Carlo simulation. The effect of electron-beam irradiation on
their electrical properties will be discussed with the results of deep level transient spectroscopy and current-voltage
measurements.
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P4-K073
,

Negative Photoresponse Related with Defect States in n-ZnO/p-Si Heterojunction
,

,

2013.04.24-26, 대전컨벤션센터

,
.

The degraded current under light illumination was frequently observed in a miniaturized ZnO structure. It
is well-known that the origin of negative photoresponse is oxygen chemisorption involving oxygen
adsorption and desorption at the surface of ZnO nanowire. Therefore, this phenomenon was occurred
under vacuum condition due to a low oxygen pressure. However, the origin of the negative photoresponse
of bulk ZnO was not still clear. One of possible explanation is the deep level trap scheme, which describes
the origin of the negative photoresponse via defect state under illumination of light. Therefore, it should be
required more detail researches. In this study, n-ZnO/p-Si heterojunction diode was fabricated by UHV RF
magnetron sputter under partial ambient nitrogen gas. The diode shows negative photoresponse under
ultra-violet light. To interpret the result, the defect state of the ZnO and the interface states between ZnO
and Si were analyzed by photoluminescence and temperature dependent I-V measurement, respectively.

P4-K074*

Recombination dynamics of localized excitons in self-assemble CdTe/ZnTe quantum dots

1,
MAN Minh Tan,
,
. 1
,
.
Great attention has been observed currently in investigating the properties of semiconductor layers with a mismatch between
their lattice parameters such as single electron transistors, lasers, light emitting diodes, infrared photodetectors, and solar cells.
Favorable conditions for the creation of self-assembled quantum dots (SAQDs) are created in such layers. The understanding of
carrier dynamics and time-resolved photoluminescence in SAQDs are expected to play a vital role in the performances of their
applications. Furthermore, the study of carrier dynamics not only offers a convenient way to clarify their structures, but also
provides useful information for extending their applications to optoelectronic devices. The wide band-gap CdTe/ZnTe quantum
dots (QDs) are characterized by high excitonic binding energies and are current interest due to the potential application in
optoelectronic devices operating in the green spectral range. In this work, we investigate the optical and structural properties of
CdTe QDs embedded into ZnTe barrier grown using molecular beam epitaxy and atomic layer deposition. Atomic force
microscopy measurements are performed to characterize the structural properties of the CdTe QDs grown on ZnTe buffer
layers. Temperature-dependent photoluminescence (PL) measurements are then carried out in order to determine the activation
energy of the CdTe/ZnTe QDs. Finally, carrier dynamics of the CdTe/ZnTe QDs is investigated by time-resolved PL
measurements at various temperatures, excitation powers, and emission energies.
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LG-01

2013.04.24-26, 대전컨벤션센터

Perturbations of a Triad of Scalar Fields with Non-Zero Gradients

OH Phillial, KOH Seoktae1, KOUWN Seyen, KWON O-KAB2
Sungkyunkwan University. 1Jeju National University. 2Ewha University.
We consider the linear perturbations for the single scalar field model with an additional triad of scalar fields. The background
solutions of the three additional scalar fields depend on spatial coordinates with constant gradients and the resulting
background evolution preserves the homogeneity of the cosmological principle. After we discuss the properties of background
evolution including an exact solution for the exponential-type potential, we investigate the linear perturbations of scalar and
tensor modes in the background of the slow-roll inflation. We find that, in order to have a well-defined initial quantum state,
the comoving wavenumber should have a minimum value when the constant gradients of the three scalar fields are nonvanishing.

LG-02

Direct Determination of Expansion History Using Redshift Distortions

.
We investigate the direct determination of expansion history using redshiftdistortions without plugging into detailed
cosmological parameters. Theobserved spectra in redshift space include a mixture of information:fluctuations of densitydensity and velocity-velocity spectra, and distancemeasures of perpendicular and parallel components to the line of
sight.Unfortunately it is hard to measure all the components simultaneously withoutany specific prior assumption. Common
prior assumptions include alinear/quasi-linear model of redshift distortions or a model for the shape ofthe power spectra, which
eventually breaks down on small scales at later epochswhere nonlinear structure formation disturbs coherent growth. The
degeneracybreaking, between the effect of cosmic distances and redshift distortions forexample, depends on the prior we
assume. An alternative approach is to utilizethe cosmological principle inscribed in the heart of theFriedmann-LematreRobertson-Walker (hereafter FLRW) universe, that is, thespecific relation between the angular diameter distance and the
Hubbleparameter, in this degeneracy breaking. We show that utilizing this FLRW priorearly in the step of distinguishing the
distance effect from redshiftdistortions helps us improve the detectability of power spectra and distancemeasures with no
leaning on a combination of other experiments.
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LG-03

2013.04.24-26, 대전컨벤션센터

Centaurus A as a point source of UHECRs

.
We investigate the possibility that Centaurus A (Cen A) is a point source of ultra high energy cosmic rays (UHECRs)
observed by Pierre Auger Observatory, through the statistical analysis of the arrival direction distribution. We identify the
local excess of UHECRs and find that at least 10 out of 69 UHECRs originate from Cen A. Based on this we estimate the
intergalactic magnetic field in the vicinity of Cen A direction to be order of 10 nG. We also consider the influence of the
galactic magnetic field and a possible identification of the composition of UHECRs.

LG-04
,

A new synthesis of matter and gravity: A nongravitating scalar field
1

. 1
.
We present a new manifestation of the nonlinearity of the gravity-matter interactions.We show explicitly that there exists a
nongravitating dynamical scalar-field solution in Eddington-inspired Born-Infeld gravity.This kind of solution has not been
found in previous literatures based on general relativity, or other modified-gravity theories.The nongravitating solution
obtained in this work is unstable to perturbations.
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The phase diagram of Fubini instanton solutions with the presence of gravity.

RO Daeho, LEE Bum-hoon1, LEE Wonwoo2, YEOM Dong-han2
. 1
,
(CQUeST). 2
(CQUeST).
We study the oscillating Fubini instantons in curved diagram. We make an attempt to obtain the phase diagram of these
solutions with respect to the parameters used in the present work. To make the phase diagram of solutions, we collected data
on the vacuum state and the initial point of the field in solutions, which makes the difference of the maximum number of
oscillations. We try to interpret the behaviors on the number of oscillations including the solutions without any oscillation by
showing the phase diagram of solutions.

LG-06

Relation of Polytropic Internal Structure of Neutron Stars
and Pulsar Glitches
,
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Equilibrium configurations of rotating neutron stars with hadron-quark crossover

equation of state

KIM Hee Il, LEE Hyung Mok
Seoul National University, Depart of Physics and Astronomy.
We calculate equilibrium configurations of rotating neutron stars in general relativity. We adopt recently proposed hadronquark crossover equation of state to make the neutron stars. Constructing the equilibrium sequences, we determine a number of
important parameters characterizing the neutron stars. Implications of the equation of state are discussed for recently observed
neutron star systems.

LG-08

Numerical studies on gravitational radiation capturing cross section for two black holes

KANG Gungwon, HANSEN Jakob, DIENER Peter1, KIM Hee Il2
KISTI. 1Louisiana State University. 2Seoul National University.
We have numerically studied gravitational radiation capturing processes of two non-spining equal mass black holes in weakly
hyperbolic orbits. The capturing cross sections are obtained, and are compared with the corresponding 2.5 post Newtonian
results for various initial energies. The features of energy and angular momentum extractions through gravitational wave
emissions are also analysed.
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LG-09

Gravitational Waves from Tidal Disruption of a Star by a Massive Black Hole: a Semirelativistic Approach
,

1

(IEU),

(BSRI)/
.
(IEU),
/
.
A main-sequence star orbiting a massive black hole undergoes
significant tidal disruption around the periastron. Then gravitational
waves as well as X-ray flares are expected from this disruption. To
construct the gravitational waveforms from this set-up, we develop a
new computational method based on (i) a point-particle approximation
and (ii) a semi-relativistic approximation: (i) from the notion that the
ratio between the mass of a star and the mass of a black hole is very
small, (ii) from the notion that a star's orbital evolution is identified with
a geodesic in the background geometry of a black hole. Our results show
a nice agreement with the results obtained by other authors using different methods [Kobayashi-Laguna-Phinney-Mészáros,
ApJ 615, 855 (2004)]. Further, we expect that our method can be applied even to a highly complicated set-up, where a star is
moving around a Kerr black hole along an arbitrary orbit in a non-equatorial plane.
1

LG-10

Ultra-Fast Flash Observatory for the measurement of early photons from Gamma Ray

Bursts
,
.
Ultra-Fast Flash Observatory
,
,
,
,
rising time
. Ultra-Fast Flash Observatory
20 kg
Ultra-Fast Flash Observatory-pathfinder
,
,
X
,
(Slewing Mirror Telescope, SMT)
.
UFFO-patfhinder
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UFFO-pathfinder (Ultra Fast Flash Observation-pathfinder)
. UFFO-pathfinder
(Slewing Mirror Telescope, SMT)
(UFFO Burst Alert & Trigger Telescope, UBAT)
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90°

The Status of Development and Construction of the SCD for ISS-CREAM experiment.
,

,
,
.
The CREAM(Cosmic Ray Energetics And Mass), a balloon-borne experiment, designed to measure the individual spectra of
cosmic rays from proton to iron with energies higher than 1 TeV has completed 8 flights successfully. The origin, propagation
and acceleration models of high energy cosmic rays are yet to be known. In order to answer to these fundamental questions, we
need to collect much more data. The newly proposed CREAM at ISS is scheduled to launch in 2014 for the quest to investigate
the low fluxes of high-energy cosmic rays through 10^15 eV total energy. For such a reason, we are going to construct Silicon
Charge Detector(SCD) which is a precision device to measure the charge of incident cosmic rays. The current status of the
detail schedule(such as construction, tests and performance) will be given.
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A prototype of the JEM-EUSO telescope on Telescope Array site

JUNG Aera, KIM Sug-Whan1, KIM Soon-Wook2, KIM Jeong-Sook2, PARK Il Hung3, PARK Hwi Woo3, YANG Jongmann,
LEE Jik3, LIM Heuijin4
Department of Physics, Ewha Womnas University. 1Department of Astronomy, Yonsei University. 2Korea Astronomy and
Space Science Institute. 3Department of Physics, Sungkyunkwan University. 4Dongnam Inst. of Radiological & Medical
Sciences.
JEM-EUSO is a space mission devoted to the exploration of the origin and propagation of Ultra High Energy Cosmic Rays
(UHECRs) through the observations of their arrival directions and energies at the Japanese Experimental Module in the
International Space Station (ISS). This is a new type for observatory that will utilize extremely large volume of the earth's
atmosphere as a detector of high energy particles from the universe. JEM-EUSO provides a super-wide Field-of-View (±30°)
with Fresnel lens and records EAS (Extensive Air Showers) with a time resolution of 2.5 microseconds. Two test experiments
are currently prepared; one to observe the fluorescence background from the edge of the Atmosphere (EUSO-Balloon), and the
other to demonstrate the capability of detecting air showers with the EUSO telescope (TA-EUSO) on ground. The TA-EUSO
project aims to install a prototype of the JEM-EUSO telescope on the Telescope Array site in Black Rock Mesa, Utah, U.S.A..
The detector consists of one Photo Detector Module (PDM), to the ones that will be used on the JEM-EUSO focal surface. In
this talk a status of the TA-EUSO experiment will be presented.

LG-14

Construction Plan of TALE 5m Large Mirror Telescope
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The Telescope Array (TA) experiment is a hybrid cosmic ray detectors
consists of three sets of fluorescence telescopes and an array of 506
ground scintillation particle detectors, located at Delta in Utah, USA.
It’s five year data show extremely good quality spectrum above 1EeV
with GZK cutoff and show no correlation with AGN.We like to extend
the energy measurement range down to 100PeV so that the cosmic ray
sources can be better identified, i.e. galactic vs. extragalactic and the
cosmic ray data MC simulation of QGSJet can be directly compared
with LHC measurement. We will construct 5 meter diameter large
spherical mirror fluorescence telescope. The design of the mirror, support structure, and the alignment test plan will be
discussed.
,

1

- 564 -

2013 봄 학술논문발표회 및 제89회 정기총회

P1-L001*

2013.04.24-26, 대전컨벤션센터

Stiffer EoS for compact star with new scaling law

,
.
The observation of a 2-solar mass neutron star(PSR J1614-2230)[1] seems to indicate that the equation of state(EoS) for
compact stars needs to be sufficiently stiffer to accommodate the mass larger than 1.5-solar mass. We discuss the physical
properties of new stiffer EoS, which has been proposed recently using a new scaling law(BLPR) in medium[2,3]. The mass
and radius of compact star are calculated under the condition of weak equilibrium of neutron, proton, electron and muon.
Reference : [1] Demorest et al., Nature 467, 1081-1083 (2010) [2] H.D. Dong, T. Kuo, H.K. Lee, R. Machleidt and M. Rho,
arXiv:1207.0429 [3] H.K. Lee and M. Rho, arXiv:1201.6486

P1-L002*

The GroundBIRD Experiment For The Studies Of B-mode Polarization From Cosmic
Microwave Background Radiation Detection.

CHOI Jihoon, TAJIMA Osamu1, OGURI Shugo1, HAZUMI Masashi1, KAWAI Masanori1, YOSHIDA Mitsuhiro1, WON
Eunil
Korea University. 1High Energy Research Organization(KEK).
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