BG-01

Neutral Kaon Indirect CP Violation

,
.
In the Standard Model, the parameter epsilon_K measures the size of the indirect CP violation in neutral kaon system. Among
the inputs that determine the epsilon_K, we focus on the B_K and V_cb. These contribute significant error to epsilon_K. We
will take these from the lattice calculation. B_K comes from neutral kaon mixing and V_cb can be determined by B -> Dlv
decay form factor calculation. The Wolfenstein parameters which define perturbative expansion of the CKM matrix is taken
from the unitary triangle fit that excludes epsilon_K. The recent theoretical development of lattice heavy quark action that can
achieve the desired high precision calculation of V_cb also will be discussed.

BG-02

A New Approach to Quark Confinement

CUNDY Nigel, LEE Weonjong, CHO Yongmin1
Seoul National University. 1
.
One of the outstanding problems in High Energy Physics is the question of the mechanism by which quarks are confined. It is
likely that the confining potential is generated by topological artefacts in the non-Abelian vacuum. Many models of the
vacuum have been proposed -- with Monopoles and Vortices being the dominant two -- which could lead to confinement, but
none have been conclusively demonstrated to be correct.We consider the Wilson Loop in an SU(N) gauge theory, an
observable that can be used to study the quark potential, and demonstrate that it is always possible to use the Cho-Duan-Ge
gauge invariant Abelian decomposition to recast this observable in terms of N2-1 Abelian fields \hat{A}\mu. We can then apply
Stokes' theorem to express the Wilson Loop as an area integral over a field strength F\mu\nu[\hat{A}]. There are certain
topological objects which, if they exist, will contribute to this Abelian Field strength, and, at least partially, explain the linear
confining potential. These objects lead to and can be recognised by distinctive structures visible in the Abelian field strength.
We investigate this model numerically using lattice gauge theory. We show that the topological contribution of the Abelian
field dominates the string tension, and that the Abelian field strength contains the structures we expect theoretically. We
therefore propose that this model can at least partially explain the confining potential.

BG-03

Lattice Calculation of Beyond the Standard Model Kaon B-parameter using Improved
Staggered Quarks
LEE Weonjong, LEEM Jaehoon, YOON Boram1, SHAPE Stephen2
. 1Los Alamos National Lab, Nuclear, Particle, Astrophysics and Cosmology Group(T-2). 2University of
Washington, Physics Department.
We calculate Beyond the Standard Model Kaon B-parameter using the HYP-smeared staggered quarks on the MILC Nf = 2+1
asqtad lattices. We match the operators perturbatively at one-loop level. The valence quark masses are extrapolated into
physical mass using the SU(2) staggered chiral perturbation theory (SChPT). We use 14 independent lattices with different
lattice spacings. We report final results evaluated at 2 GeV in the MS-bar scheme of dimensional regularization.

BG-04

Non-perturbative Renormalization of Bilinear Operators with HYP Improved Staggered

Quarks
,

,
.
We present matching factors for the bilinear operators obtained using the non-perturbative renormalization method (NPR) for
improved staggered fermions on the MILC asqtad lattices(Nf = 2+1). Using 203x64 lattice (a = 0.12fm, aml=ams = 0.01=0.05),
we obtain the wave function renormalization factor Zq from the conserved vector and axial currents and the mass
renormalization factor Zm from scalar and pseudo-scalar bilinear operators. We also calculate the renormalization factors for
the complete set of bilinear operators. We report the comparison between NPR results and 1-loop perturbative result.

BG-05
,

GPU Computing on Lattice QCD
,

,
.
In quantum chromodynamics (QCD), perturbative approaches are allowed only at very high energy, so that non-perturbative
methods such as lattice quantum chromodynamics (LQCD) are required. In the LQCD, one solves the problem on a discretized
4-dim Euclidean space-time lattice with computer simulations. However, those LQCD simulations contain massive
calculations, such as obtaining the inverse of lattice Dirac matrix of very large dimension (106~108). Thus it demands a high
performance computing (HPC) environment. In this talk, we discuss the performance of GPU computing on lattice QCD and
its opimization with the latest CUDA technologies by using NVIDIA GTX Titan black GPU.

BG-06

Free energy of M-theory brane dynamics and holography

KIM Nakwoo
Kyung Hee University.
A peculiarity of M-theory when combined with gauge/gravity duality is that the free energy of the gauge theory on M2 and
M5-branes follow a power law: N^{3/2} for M2, and N^3 for M5 when the number of branes N becomes large. This property
has been considered mysterious for many years, but thanks to recent progress we now have a sound understanding and
also semi-microscopic derivations of the scaling behaviors quoted above. Here we present field theory computations at large N
in particular, and illustrate how the results come out in agreement with the prediction of AdS/CFT including coefficients.

BG-07*

Matrix Models from Localization of 5-dimensional SYM

RO Daeho, LEE Bum-Hoon1, YANG Hyun Seok2
Department of Physics, Sogang University. 1Department of Physics and Center for Quantum Spacetime, Sogang
University. 2Center for Quantum Spacetime, Sogang University.
We studied about the matrix model from localization of 5-dimensional supersymmetric Yang-Mills theory. In order to do this,
we make dimensional reduction from Euclidean 5-dimensional manifold to non-commutative R^2 cross S^3 and localize on
S^3.

BG-08

Renormalized Entanglement Entropy of the Mass-deformed ABJM Theory

2
,
. 1GIST. 2KIAS.
We investigate the effect of mass deformation for the renormalized entanglement entropy near the UV fixed point of the 3dimensional conformal field theory. To do that, we use the mass-deformed ABJM theory and its dual Lin-Lunin-Maldacena
geometry. We find that the renormalized entanglement entropy is well-behaved as a c-function along the renormalization
group flow. According to our analytic results, we give an evidence that the c-function under a relevant deformation in 3dimensional conformal field theory is not stationary at the UV fixed point, unlike the case of the 2-dimensional conformal field
theory.

,

1,

BG-09*

A new analytic method for calculating greybody factors of 5D black holes

HYUN Young-Hwan, KIM Yoonbai, PARK Seong Chan
Sungkyunkwan University.

BG-10*

Quasi-local charges and asymptotic symmetry generators

HYUN Seungjoon, YI Sang-Heon, PARK Sang-A
Department of Phsics, Yonsei University.
The quasi-local formulation of conserved charges through the off-shell approach is extended to cover the asymptotic symmetry
generators. By introducing appropriate identically conserved currents for asymptotic Killing vectors we show that the
asymptotic symmetry generators can be understood as quasi-local charges. We also show that this construction is completely
consistent with the on-shell method.

BG-11*

U-gravity and U-geometry : SL(N)

,
,
.
We construct a duality manifest gravitational theory for the special linear group, SL(N) with N≠4. The spacetime is formally
extended, to have the dimension 12N(N−1), yet is `gauged'. Consequently the theory is subject to a section condition. We
introduce a semi-covariant derivative and a semi-covariant `Riemann' curvature, both of which can be completely
covariantized after symmetrizing or contracting the SL(N) vector indices properly. Fully covariant scalar and `Ricci' curvatures
then constitute the action and the `Einstein' equation of motion. For N≥5, the section condition admits duality inequivalent two
solutions, one (N−1)-dimensional and the other three-dimensional. In each case, the theory can describe not only Riemannian
but also non-Riemannian backgrounds.

BG-12

Quasi-particles in the non-Fermi liquid

SEO Yunseok, SIN Sang-Jin, KIM Bom Soo1
Hanyang University. 1Tel Aviv University.
We study gravity dual of the system with hyperscaling violation. From
the calculation of certain thermodynamic quantities, the system behaves
like non-Fermi liquid. On this background, we calculate fermion spectral
function and found that there exists a zero energy quasi-particle
peak with finite momentum which indicates the Fermi surface. We
analyze this phenomena in terms of effective potential and compare our
result to the other system.

BG-13

Towards Heterotic Line Bundle Standard Models

LEE Seung-Joo, HE Yang-Hui1, LUKAS Andre2, SUN Chuang2
KIAS. 1City University London. 2Oxford University.
We study heterotic model building in the geometric arena of Calabi-Yau three-folds endowed with a set of line bundles. The
low-energy effective theories are to look like a supersymmetric version of the Standard Model. Geometries for effective
theories that admit an intermediary SU(5) GUT, as well as those that do not, will be discussed and examples provided.

BG-14

Dark Matter in Zee-Babu Model

, OKADA Hiroshi,
, SENAHA Eibun1
KIAS. 1Nagoya University.
Zee-Babu model can generate neutrino masses at two-loop level by introducing lepton number carrying singly and doubly
charged scalar particles. In this talk I will extend the model with global B-L symmetry. A cold dark matter candidate and B-L
breaking complex scalar field are also introduced. This is one of the models where the interplay between neutrinos and dark
matter play important role and new particles detectable at the current colliders like LHC. This model can predict sizable
indirect signature of dark matter annihilation into two photons. Especially the two-photon signal can explain the Fermi-LAT
gamma-ray line anomaly.

BG-15

Gravity-mediated (or Composite) dark matter

LEE Hyun Min, PARK Myeonghun1, SANZ Veronica2
,
. 1Kavli Institute for the Physics and Mathematics of the Universe. 2University of Sussex, Department
of Physics and Astronomy.
We consider the astrophysical bounds on a new form of dark matter, the so called Gravity-mediated Dark Matter. In this
scenario, dark matter communicates with us through a mediator sector composed of gravitational resonances, namely a new
scalar (radion) and a massive spin-two resonance (massive graviton). We consider specific models motivated by natural
electroweak symmetry breaking or weak-scale dark matter in the context of models in warped extra-dimensions and their
composite duals. The main Dark Matter annihilation mechanism is due to the interactions of KK gravitons to gauge bosons
that propagate in bulk. We impose the bounds on monochromatic or continuum photons from Fermi-LAT and HESS. We also
explore scenarios in which the Fermi gamma-ray line could be a manifestation of Gravity-mediated Dark Matter.

BG-16

Hidden sector monopole, vector dark matter and dark radiation with Higgs portal

.
We show that the ’t Hooft-Polyakov monopole model in the hidden sector with Higgs portal interaction makes a viable dark
matter model, where monopole and massive vector dark matter (VDM) are stable due to topological conservation and the
unbroken subgroup U(1)X. We show that monopole relic density is diluted enough whereas VDM can be thermalized by the
Higgs portal interaction, and direct detection experiments can probe some region of parameter space. The proposed
XENON1Texperiment may detect the VDM if its mass is less than 60 GeV. In addition, the dark photon associated with
unbroken U(1)X contributes to the radiation energy density at present, giving \Delta Neff ~ 0.1 as the extra relativistic neutrino
species.

BG-17

Higgs-dilaton(radion) system confronting the LHC Higgs data

.
We consider the Higgs-dilaton(radion) system using the trace of energy-momentum tensor (T)with the full Standard Model
(SM) gauge symmetry GSM SU(3)c SU(2)L U(1)Y , and ndout that the resulting phenomenology for the Higgs-dilaton
(radion) system is distinctly di erentfrom the earlier studies based on the T with the unbroken subgroup HSM SU(3)c U(1)
emof GSM. After electroweak symmetry breaking (EWSB), the SM Higgs boson and dilaton(radion)will mix with each other,
and there appear two Higgs-like scalar bosons and the Higgs-dilatonmixing changes the scalar phenomenology in interesting
ways. The signal strengths for the gg-initiated channels could be modi ed signi cantly compared with the SM predictions due to
the QCD scale anomaly and the Higgs-dilaton(radion) mixing, whereas anomaly contributions arealmost negligible for other
channels. We also discuss the self couplings and the signal strengths ofthe 126 GeV scalar boson in various channels and
possible constraints from the extra light/heavyscalar boson. The Higgs-dilaton(radion) system considered in this work has a
number of distinctivefeatures that could be tested by the upcoming LHC running and at the ILC.

BG-18
,

For natural Higgs boson in SUSY
1

,
. 1Rutgers University, Dep. of Physics and Astronomy.
Recently LHC has discovered the standard model-like Higgs with 125 GeV mass. However, any evidence beyond the standard
model has not been reported yet. I will present the status of SUSY and discuss how to achieve the natural Higgs boson in the
minimal and extended SUSY models, based on our recent papers.

BG-19

Coleman-Weinberg Higgs and Higgs factory

KIM Hyung Do
Seoul National University, Department of Physics and Astronomy.
When the electroweak symmetry is radiatively broken by the interaction with extra scalars, the Higgs potential can be
dramatically different from Ginzburg-Laudan potential. We show the working example in which the theory is perturbative up
to very high scale and discuss predictions of the mechanism different from the Standard Model including electroweak
baryogenesis. It can be probed in future Higgs factory using the precision measurement of electroweak data, Higgs-strahluing
from vector boson fusion or Z associated production and Higgs pair production.

BG-20

Inert Doublet Model With Local U(1) Higgs Symmetry

, OMURA Yuji1
. 1Nagoya University.
In order to avoid the flavor problems in two-Higgs-doublet models,
the extra Higgs doublet should respect a symmetry to distinguish with
the other.
One good candidate for the Higgs symmetry is a local $U(1)_H$ gauge
symmetry.
We investigate the constraint on the extra gauge interaction through the
kinetic and mass mixing
between the SM gauge bosons and the extra gauge boson.
Furthermore, the extra symmetry may guarantee the stability of
the extra scalar from the Higgs doublets and the extra particles
in the hidden sector, which is introduced to achieve the relic density of
cold dark matters.
We discuss the conditions for the stability and
dark matter physics in the type-I two-Higgs-doublet models with $U(1)_H$ gauge symmetry, where only the extra Higgs
doublet is only charged under $U(1)_H$.
Especially, we focus on the inert doublet model with $U(1)_H$ gauge symmetry.
,

BG-21

Probing for new physics with B, D, and K systems and lattice QCD

BAILEY Jon A., LEE Weonjong, SHARPE Stephen R.1, JANG Yong-Chull, LEEM Jaehoon, DU Daping2, EL-KHADRA A.
X.3, GOTTLIEB Steven4, JAIN R. D.3, KRONFELD Andreas5, VAN DE WATER Ruth5, ZHOU R.4
. 1University of Washington, Seattle. 2Syracuse University. 3University of Illinois, Urbana. 4Indiana
University. 5Fermilab.
The decay and mixing of B, D, and K mesons furnish valuable probes for physics beyond the Standard Model, but the sought
after effects have long been obscured by lack of quantitative information about the strong force. Lattice QCD calculations
promise to provide this information, with credible claims of sub-percent precision for key observables imminent. I discuss
work to calculate B and D form factors and K mixing parameters, tests of the methods, and prospects.

BG-22

New production mechanism for heavy neutrinos at the LHC

YANG Un-ki, DEV P.S. Bhupal1, PILAFTSIS Apostolos1
. 1University of Manchester.
We present a study of a new production mechanism for heavy neutrinos at the LHC. The s-channel W-exchange diagram is
considered to be dominant for heavy-neutrino masses larger than 100 - 200 GeV. The new mechanism is infrared-enhanced
by t-channel Wγ-fusion processes. This has important implications for experimental tests of the seesaw mechanism of neutrino
masses, and in particular, for the ongoing heavy neutrino searches at the LHC. We find that the direct collider limits on the
light-to-heavy neutrino mixing can be significantly improved if this new production channel is properly taken into account.
The scope of this new mechanism can equally well be extended to other exotic searches at the LHC.

BG-23

Measurement of the Branching Fractions for B+ -> (ccbar)K+ -> ppbarK+ Decays

, OLSEN Stephen Lars
.
We are measuring the branching fractions of the decay B+ -> ppbarK+
for the intermediate ccbar states eta_c(2S), psi(3770), X(3872), and Y
(3915) decaying to ppbar. Results based on a 711 fb-1 data sample
collected on the Y(4S) resonance by the Belle detector at the KEKB
asymmetric-energy e+e- collider will be presented.

BG-24

Search for neutral isospin partner of the Ds0+ and news on XYZ states

CHOI Sookyung, OLSEN Stephen1
. 1
.
We report results on search for the hypothesized neutral isospin partner state (Z0) of the Ds0+ and provide upper limits on
product branching fractions B(B0 -> D0 Z0)xB(Z0 -> Ds+pi+) that are smaller than theoretical predictions. We also review
recent new results on the XYZ state search.

BG-25

Observation of a Charged DD*bar Mass Peak in e+e- --> pi+(DD*bar)- at Ecm = 4.26 GeV

XU Xinping, OLSEN Stephen Lars
Seoul National University.
We report on a study of the process e+e- --> pi+(DD*bar)- at Ecm =
4.26 GeV using a 525 /pb data sample collected with the BESIII detector
at the BEPCII storage ring. A distinct charged structure is observed in
the (DD*bar)- invariant mass distribution. When fitted to a massdependent-width Breit-Wigner line shape, the pole mass and width are
determined to be M_pole = (3883.9 +- 1.5 (stat) +- 4.2 (syst)) MeV and Gamma_pole = (24.8 +- 3.3 (stat) +- 11.0 (syst)) MeV.
The mass and width of the structure, which we refer to as Z_c(3885), are 2sigma and 1sigma, respectively, below those of the
Z_c(3900) --> pi+J/psi peak observed by BESIII and Belle in pi+pi-J/psi final states produced at the same center-of-mass
energy. The angular distribution of the pi Z_c(3885) system favors a JP=1+ quantum number assignment for the structure and
disfavors 1- or 0-. The Born cross section times the DD*bar branching fraction of the Z_(3885) is measured to be sigma(e+e- -> pi+ Z_c(3885)-) x Bf(Z_c(3885) --> DD*bar) = (83.5 +- 6.6 (stat) +- 22.0 (syst)) pb. Assuming the Z_c(3885) --> DD*bar
signal reported here and the Z_c(3900) --> pi J/psi signal are from the same source, the partial width ratio Gamma(Z_c(3885) -> DD*bar)/Gamma(Z_c(3900) --> pi J/psi) = 6.2 +- 1.1 (stat) +- 2.7 (syst) is determined.

BG-26
,

Detection of reactor neutrinos with neutron captures on hydrogen
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Reactor neutrinos are detected in RENO via Inverse Beta Decay (IBD) process: nu_e + p ->e+ + n. The positrons in IBD
result in prompt signals delivering energy spectrum of neutrinos from reactors, while the neutrons captured by Gd (or
Hydrogen) register delayed signals. The mean delayed time is different between Gd and Hydrogen and they are ~30 us and
~200 us, respectively. Observing both prompt and delayed signals with a proper time difference consolidates good IBD signal
candidates. So far in RENO we have been focusing on Gd-captured IBD event detection to measure the mixing angle theta_13,
which has been very successful. However, we have more Hydrogen than Gd targets in RENO and therefore we can increase
neutrino signal statistics by considering H-captured IBD events. In this respect we have been making a separate effort for a Hcaptured IBD analysis recently. In this talk a current status of H-captured IBD analysis will be presented.
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New results from RENO
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The RENO experiment has been taking data since Aug.2011 to measure
the smallest neutrino mixing angle θ13 at Hanbit nuclear power plant
using the two identical liquid scintillator detectors. The first result using 220 live days of data was published in April 2012.
RENO reported updated results with reduced errors, based on 403 live days of data, due to improved statistics and
systematics. In this talk, we present an accurate measurement of the θ13 value using ~800 live days of data. A precise
measurement of reactor neutrino flux and spectral shape will be also presented.

BG-28*
,

Reactor neutrinos and backgrounds at RENO
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We have accumulated ~800 days of data through December, 2013, with two identical near and far RENO detectors at Hanbit
nuclear power plant, since August, 2011. The smallest neutrino mixing angle theta_13 has been preciselymeasured based on
the data sample. In this talk, we present observed reactor neutrino candidates withaccurately estimated backgrounds.

BG-29

Study of NaI crystal responses to nuclear and electron recoils in WIMP searches

,
(KIMS Collaboration).
We have studied the responses of Ti-doped NaI crystal to nuclear and electron recoils below 10 keV as part of preparations for
WIMP dark matter search. The NaI crystal responses to nuclear recoils were studied with neutrons produced in an Am/Be
source. This was compared to the crystal's response to Compton electrons produced by 662 keV gamma rays from a 137Cs
source. Measured results of the pulse shape discrimination between the nuclear recoil events and the electron recoil events
will be presented.

BG-30*

Low Energy Backgrounds in the KIMS-NaI Experiment

IBS-Center for Underground Physics,
(KIMS
collaboration).
KIMS-NaI is an experiment that searches for WIMPs using NaI(Tl)
scintillating crystal at the Yangyang underground laboratory. We have
carried out tests of two large NaI(Tl) crystals grown from different
powders and with different sizes. The two crystals are each coupled to
two different types of PMTs that are known to have high quantum
efficiency. With these we can obtain high light yields, which could
translate to lower energy thresholds for WIMP detection. Low energy
events are analyzed and the characteristics of each PMT are studied.
Test results from the first crystals for the KIMS-NaI experiment will be
presented.

BG-31

Status of SBL Experiment

KIM Jinyu, KIM Hongjoo1, LEE Jooyoung1, JOO Kyungkwang2, SO Sun-heang2, SONG Sook Hyung2, YEO In Sung2, KIM
Ba Ro2, MA Kyungju, JEON Eun-ju3, KIM Yeongduk3, LEE Jaison3, LEE Jeong-yeon3, PARK Kang-soon3, PARK
Hyangkyu3, SUN Gwang-Min4, KIM Siyeon5, KO Youngju5
Sejong University. 1Kyungpook National University. 2Chonnam National University. 3Institute of Basic Science. 4Korea
Atomic Energy Research Institute. 5Chung-Ang University.
SBL is the Short-BaseLine reactor neutrino experiment for searching sterile neutrinos using the research reactor HANARO as
neutrino source. Detector will be place at a distance of about 6m from reactor and we will measure the disappearance of antielectron neutrino for testing the existence of sterile neutrinos. Currently we operate prototype detector which is tested in
several places with different overburden. Purpose of the prototype detector is for understanding and estimating backgrounds
when a neutrino detector is deployed at the overground. Using the results from the prototype detector we will optimize the
design parameters of main detector. Also detector simulations for prototype and main detector are performed.

BG-32

Status of AMoRE experiment using MMC sensors at low temperature

SO Jungho, AMORE Collaboration
,
.
The AMoRE (Advanced Mo-based Rare process Experiment) is an experiment in international collaboration searching for
neutrinoless double beta decay of 100Mo using calcium molybdate (CaMoO4) crystal scintillators. In order to reduce the
background due to the two neutrino double beta decay of 48Ca and to increase the concentration of the isotope of interest,
40Ca100MoO4 scintillation crystals were developed for the first time from molybdenum enriched in 100Mo and calcium
depleted in 48Ca. The internal radioactive contamination of the crystals were studied at the YangYang underground
laboratory. Moreover, cryogenic detection using a large CaMoO4 crystal coupled with a metallic magnetic calorimeter
(MMC) showed excellent energy resolution and pulse shape discrimination at milli-Kelvin temperatures. We will report the
current status of AMoRE experiment using MMC at low temperature.

BG-33*

Search for νe CC events in the OPERA Experiment

KIM Jihyun, YOON Chun Sil, PARK In Gon, KIM Sung Hyun1, PARK
Byung Do2
GNU. 1CUP, IBS. 2Changwon Samsung Hospital, SKKU.
The OPERA experiment was designed to perform an appearance search
for the νμ→ντ oscillations in the CNGS beam. Thanks to high spatial
resolution(~1μm) of nuclear emulsion and high speed automatic
scanning system, three candidate events of ντ CC interaction have been
observed so far. The tracking capabilities of emulsions also allow to
identify electrons produced in νe CC interactions and therefore to search
for νe appearance from νμ→νe oscillations. Among the data collected in
2008 and 2009 run (5.25×1019 POT), we obtained 5255 neutrino events,
while total POT for 5 years run is 17.97×1019. After systematic analysis
for νe search, 19 νe CC candidate events were identified in 505 NC like
events. By comparing these events with beam contamination of νe CC
events, we could give a constraint on νμ→νe oscillations and also further constraint on non-standard oscillations in the large
Δm2 region.

BG-34

A study of initial state gluon radiation on the Drell-Yan process at the LHC

KIM Junho, PARK Jaegyun, ALMOND John, YU Geumbong, YANG Un-ki
.
We present a study of initial state gluon radiation (ISR) on the Drell-Yann process at the LHC. The effect of the ISR in the
Drell-Yan events is studied using the transverse momentum (pt) of the di-lepton in electron and muon channels. Monte-Carlo
studies show that the average pt of the dilepton distribution show a logarithmic dependence on the invariant mass squared of
the dilepton system. We plan to measure the logarithmic slope of the dilepton pt using the CMS data, which provides not only
a useful QCD information but also a way to estimate the ISR effect on other similar physics processes.

BG-35

Results of the Measurement of the Transverse Momentum Distribution of W Bosons in pp
Collisions at 8 TeV
YUSUPOV Hammid, BUTANOV Khakimjan, PARK Sang-il, SAKHAROV Alexandre, LEE SangEun, SON Dongchul, KIM
Guinyun, KIM Jungmin1, KROPIVNITSKAVA Anna1, NAM Soonkwon1
The Center for High Energy Physics, Kyungpook National University. 1Kangwon National University.
We present the results of the W transverse momentum cross section study using CMS pp collision data from the 2012 low
luminosity run of the LHC at 8 TeV with 18.4/pb of integrated luminosity. We compare our results with the theoretical
predictions and also show the systematic uncertainties coming from various sources.

BG-36

Monte-Carlo Study of Randall-Sundrum Black Hole at LHC

GOH Junghwan, HWANG chanwook, KANG Dongwoo, HYUN Young-hwan, LEE seunghak, PARK Seongchan, YU intae
SungKyunKwan University.
A new Monte-Carlo event generator for microscopic black holes at LHC is developed. We implemented production and decay
of Randall-Sundrum black holes in this generator. We used refined greybody factors based on the analytic calculation. We
studied feasibility to search for the Randall-Sundrum black holes and ADD black holes at the CMS 13TeV and 14TeV runs.

BG-37

Search for doubly charged Higgs bosons at sqrt(s)=8TeV at CMS experiment.

LEE Jongseok, CHOI Youngil, CHOI suyong1
Sungkyunkwan University, Department of Physics. 1Korea University, Department of Physics.
A search for doubly charged Higgs bosons has been performed using Monte Carlo data samples corresponding to an integrated
luminosity of 19 /fb with the 8 TeV of centre-of-mass energy at CMS. An analysis of doubly charged Higgs bosons at the
CMS detector is presented.

BG-38

Search for a vector-like bottom quark partner in same sign di-lepton final states

CHO Yong-jin, CHOI Young-Kyu, CHOI Young-Il
Sungkyunkwan University.
A search for heavy bottom-like quarks in the same sign dilepton channel is performed in the CMS experiment at LHC.The data used in 2012 at a collision center-ofmass energy of 8 TeV and corresponding to an integrated luminosity of 19.6 fb1.The b' quarks are assumed to decay to tW, bZ, and bH, under the assumption BR(b'-> tW)+BR(b'-> bZ)+BR(b'-> bH)
=100%.No excess over background expectation has been found in data, mass expected limit and observed limit value are obtain
(b' -> tW)=100%.We present b' mass limits according to each branching ratios to tW, bZ, and bH.

BG-39

Status report for the bounding Higgs width from H->WW at CMS

1,
,
,
, SAKHAROV Alexandre, BUTANOV Khakimjan, HAMMID Yusupov,
1
KROPIVNITSKAYA Anna
. 1
.
We present a status report from a study for the Higgs boson width using off-shell production decaying to an electron, a muon,
and two neutrinos. Recent measurement in Higgs to ZZ channel shows the limit on this is less than 11.9 times of Standard
Model prediction. The study of Higgs to WW channel will give a complementary results.

BG-40
,

Top-quark Mass Measurements with CMS
,

1,

1,

1

,
. 1
,
.
The top-quark mass mt is a fundamental parameter of the Standard
Model. After the discovery of the top quark in 1995, the measurements
of its properties were of substantial interest at the Tevatron and LHC. A
combination of the measurements of mt by CMS is given, using data
in different top-antitop decay channels, producing results with
increasing precision. Its comparison to preliminary measurements using
alternative analysis techniques is discussed, together with an outlook for
future mt measurements.

BG-41

MVA and NoPU MET implementation at the reconstruction level
BUTANOV Khakimjan, YUSUPOV Hammid, PARK Sang-il, LEE Sangeun, SON Dongchul, KIM Guinyun, KIM Jungmin1,
NAM Soonkwon1
The Center for High Energy Physics, Kyungpook National University. 1Kangwon National University.
More important in some analyses is to achieve the best possible missing transverse momentum (MET) resolution for
individual events, as event-by-event resolution is the relevant quantity for signal efficiencies and background rates in case a
MET cut is applied. We compared MVA, NoPU and PF met with genMetTrue which is composed by the generator level
particles. MVA and NoPU met more consistent to generator level neutrinos.

BG-42

Muon Trigger Level 1 Upgrade in CMS

LEE Jason, PARK Inkyu, RYU Minsang, KIM Jihyun, CHOI Minkyoo, RYU Geonmo, KIM Hyuonyong, LEE Jangbae,
CHOI Kijin
University of Seoul, Department of Physics.
The CMS detector will be upgraded the high luminosity run of the LHC. For the Muon system, a new detector layer and an
upgrade to the level 1 muon trigger has been proposed. Gas Electron Multiplier (GEM) is th proposed detector technology that
will cover the high pseudorapidity region. The level 1 trigger upgrade together with the integration of GEM is summarised.

BG-43*

Study of GEM Triggering in the CMS software

CHOI Kijin, RYU minsang1, KIM Jihyun, LEE Jason, CHOI Minkyoo, RYU Geonmo, KIM Hyuonyong, LEE Jangbae,
PARK Inkyu
University of Seoul, Deparment of Physics. 1Chonbuk National University, Deparment of Physics.
The Gas Electron Multiplier (GEM) detector will be installed for the high luminosity LHC runs. We are designing the trigger
software for GEM detector in the CMS software framework. We are studying the effects on the trigger efficiencies and
rates with the inclusion of the GEM detector by Monte Carlo simulations and developing a new track finder algorithm.

BG-44*
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Upgrade activity for the CMS forward Muon detector using GEM.
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Phonon Simulation In a CaMoO4 Crystal Detector Used For Rare Event Search

Experiments
,
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1
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2
2

,
.
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,
.
CaMoO4 crystal detectors with metallic magnetic calorimeters (MMCs) have been developed at KRISS for rare event search
experiments. The detectors have demonstrated excellent energy resolution and pulse shape discrimination capability. Most of
energy transferred in a CaMoO4 crystal detector is initially converted into a form of phonon energy of the crystal lattice. Then,
the excessive phonons deposit their energy to a gold film evaporated on the crystal surface, and increase the electron
temperature of the film. An MMC measures the temperature increase of the gold film. To improve the performance in energy
resolution, signal rise time, and position dependence, we have studied the generation, propagation and transmission of phonon
process in the crystal and the gold film by using a GEANT4 simulation toolkit. We present the status of phonon simulation and
discuss the effective use for the experiment.

P1-B001

Fabrication of magnetic calorimeter for the AMoRE project

(for the AMoRE collaboration)
.
Low temperature detectors (LTDs) play an important role in rare event search experiments such as direct detection of dark
matter and search for neutrinoless double beta decay. It is mainly because they can provide high energy resolution, low energy
threshold, and active background rejection capability. The AMoRE project intends to use metallic magnetic calorimeters
(MMC), a type of high resolution LTDs, as the major detector technology to search for neutrinoless double beta decay and
weakly interacting massive particles. We report the recent status of MMC fabrication designed for measuring heat and light
signals from 300-500 g CaMoO4 crystals. Design concerns, fabrication detail and characterization of MMCs will be
presented.
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Level of natK Contamination in Sodium Iodide in the KIMS-NaI Exeperiment

, KIMS Collaborator
(IBS).
KIMS-NaI experiment is an WIMP search experiment with a NaI(Tl) crystals at the YangYang Underground Laborator. 40K
radioactive isotope of potassium is one of main background int the experiment. 40K isotope of about 10.72 % is decay to 40Ar
by the electron capture, with the emission of 1.460 MeV gamma-rays and a 3.0 keV X-rays. The 1.460 MeV gamma-rays will
be deposit on the CsI(Tl) crystals and 3.0 keV X-rays will be deposit on the NaI(Tl) crystal. To measure of 40K level with
different size and two NaI(Tl) crystals grown with different powder, we was installed around of the CsI(Tl) crystals. The
measurement results of natK level for the KIMS-NaI experiment will be presented.

P1-B004

Development of a Scintillation Light Detector for Cryogenic Rare Event Search

Experiments
, AMoRE collaboration
.
In rare event search experiments, the heat and light measurement at low temperatures of using scintillating crystals as target
material can provide high resolution detection and active background rejection mechanism. Low temperature detectors with
high energy resolution can be adapted to measure heat signals of the crystal as well as scintillation light signals coming out of
the crystal. We developed a light detector to measure scintillations from a crystal developed for rare event searches. A twoinch Ge wafer was used as the light absorber, while a metallic magnetic calorimeter was to read the temperature increase of the
absorber. The light detector was tested in 30-100 mK.

P1-B005

Energy threshold study of the CaMoO4 cryogenic detector for the AMoRE experiment

(for the AMoRE collaboration)
,
.
Cryogenic particle detectors composed of a metallic magnetic calorimeter and large (hundreds grams) calcium molybdate
(CaMoO4) crystals showed excellent performances in energy resolution and pulse shape discrimination for low counting
experiments. Here we report results of the recent improvement of energy threshold of the detector, a crucial feature to search
for dark matter particles interactions. A 8 keV peak from copper X-ray was clearly distinguished from the background signals
in the low energy region below 10 keV.
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Since the existence of the sterile neutrino was first hypothesized with LSND anomaly, the significance of searching the sterile
neutrino is on the increase. In particular, short baseline reactor antineutrino experiments are important because of the reactor
anomaly which is found recently. The SBL experiment is a short baseline reactor antineutrino experiment to find out the
existence of the sterile neutrino using HANARO research reactor in Korea. To study background and determine the main
detector parameters, the prototype detector has been built and in operation for four months. We optimize the design of the
main detector, which is suitable to measure neutrino oscillation, by using the result from the prototype detector and
detector simulation. We study on feasibility of SBL experiment with optimized design of the main detector and the results
from simulation.

P1-B007

Design of Shielding Equipment against High Energy Cosmic Rays for Manned Long-term

Space Flights
LIU Dong,

,

,
.
High energy cosmic rays are one of the biggest concerns for manned long-term spaceflights, along with the development of
space technology, the research of shield against cosmic rays has become increasingly important. This study comprehensively
considers the shielding properties of various materials together with the consideration of mass problems of shielding materials.
The protection capability of various materials against certain cosmic ray particles was appraised from the perspectives of mass
stopping power. In this study, many kinds of simple materials have been simulated in terms of their shielding properties
against cosmic ray particles. The conclusion has been obtained by contrasting the mass stopping power of these simple
materials. Under the same level of mass conditions, the radiation shielding ability reduces along with the increase of the
atomicity of the shielding material. Through analysis of various shielding materials, liquid hydrogen was selected as the major
shielding material. Then, based on the consideration of properties of liquid hydrogen, space environments, safety problems,
shielding efficiency and feasibility, a shielding equipment is here proposed.

P1-B008*

Feasibility Study of Water-based Liquid Scintillator for Next Generation Neutrino

Experiments.
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Observed vs expected rates of reactor neutrinos at RENO
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The RENO experiment is designed to measure the unknown neutrino
mixing angle parameter by using anti-neutrinos emitted from the
Yonggwang nuclear power plant in Korea. It is essential to compare the
observed and expected fluxes of anti-neutrinos for determining the
neutrino disappearance. The neutrino flux can be calculated from the
thermal power and the fission rate of individual fuel isotope. Based on the precisely measured baselines we can calculate the
baseline dependent reduction of neutrino fluxes at near and far detectors. we study how to calculate the time-dependent
neutrino fluxes at near and far detectors.
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Stability of Gd-loaded Liquid Scintillator in the RENO Detector
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Study on Neutrino Oscillation of Medium Baseline using GloBES
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Study of Reactor Neutrino Detection Efficiency
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Absolute flux of reactor antineutrinos at RENO detectors have been paid attention, since the reactor antineutrino anomaly
gave rise to the possibility to search a fourth neutrino. Unlike the far-to-near analysis to measure sin2(2θ13) without correlated
uncertainties between two detectors, the estimation of absolute flux requires careful computation of both correlated and
uncorrelated uncertainties. We updated the uncertainties, in particular, related to reactor antineutrino spectrum, inverse-betadecay cross section and thermal powers of reactors.
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Dark matter signal from neutrino physics
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GEM Software Validation for CMS Detector Upgrade
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The muon system of CMS detector will be upgraded in 2019 and 2023. At these upgrades, the Gas Electron Multiplier (GEM)
detector is a very powerful candidate for the upgrade because of its cost to performance. The simulation of GEM detector is
very important for feasibility studys. Our group leads this GEM upgrade effort with foil production and software
developement. We have developed a suit of validation tools for the simulations. These are useful tools for the developers and
these tools are being integrated to official software.

P4-B025

A Search for supersymmetry with multilepton signatures at the CMS experiment

KIM Zero, KIM Jae Yool1, LIM In-taek1
Hanbit High School. 1Chonnam National University.
We present the result of a study on search for supersymmetry with multilepton signatures at the CMS experiment. The data
used for this study is corresponding to 19.5fb-1 collected in proton-proton collision at 8 TeV. Neutralinos and charginos are
supersymmetric particles and the lightest neutralino is the most favorate candidate of dark matter. A fully data-driven method
is used to estimate Standard Model backgrounds. The analysis is performed on the channel of three and four leptons of muons
and electrons. This study sets the limits on the direct production of GMSB models with region of mass parameter mu between
330 and 370 for trimuons and over 310 for dimuons and one electron channel.

P4-B026

Search Prospects for Heavy Neutrinos at sqrt(s)=14 TeV with the CMS GEM Muon Detector
LEE Haneol, ALMOND John, YU Geumbong, YANG Un-ki
.
The discovery of neutrino oscillations has opened a new possibility of the existence of heavy neutrinos at the LHC
energy scale. We study a search sensitivity of heavy neutrino production in both s- and t-channels with the coming CMS
GEM muon detector at sqrt(s) = 14 TeV. Search prospects due to enhanced muon coverage in the muon trigger and
detector will be discussed.

P4-B027

Search for Heavy Neutrinos in the Same-sign Dilepton State at sqrt(s)=8 TeV Using the

CMS Detector
OH SungBin, ALMOND John, YU GeumBong, YANG Un-Ki
.
The discovery of non-zero neutrino masses has opened a new window for heavy neutrinos at TeV scale.
The CMS experiment has performed searches for heavy neutrinos at the LHC. We present the studies of heavy neutrino
searches (Majorana type) in the same-sign di-lepton plus two jets channel using proton-proton collision data at sqrt(s) = 8 TeV.
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,
CMS

.

The uncertainty study of Final State Radiation for Drell-Yan Muon decays

PARK Sang-il, LEE Sangeun, BUTANOV Khakimjan, YUSUPOV Hammid, SON Dongchul, KIM guinyun, NAM
soonkwon1
Center for High Energy Physics, Kyungpook National University.. 1Kangwon National University.
DrellYan muonpair production in hadronhadron collisions is described in the standard model by schannel r*/Z exchange.
A good understanding of the final state objects is essential for the study including leptons and photons. We present the
estimation of the uncertainty from final state radiation for DrellYan crosssection. We use the alpha correction and data MC
scale, two methods.

P4-B030*
,

The Korea-CMS RPC Construction at LS1
,

.
CMS Experiment
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P4-B031

The Electron Trigger, ID Efficiency Measurement for W Charge Asymmetry Electron
Channel at Sqrt(s) = 8 TeV
NAM Soon-Kwon, KROPIVNITSKAYA Anna, KIM Taehoon, KIM Jungmin, NAM Yeonseo, LEE Sangeun1, SON
Dongchul1, KIM Guinyun1
Kangwon National University. 1Kyungpook National University.
We present a measurement of the electron trigger efficiency and ID efficiency using Tag and Probe method. The data samples
of 22Jan2013 data sets which are collected with the CMS detector in pp collisions at Sqrt(s) = 8 TeV are used. The results
with Monte Carlo simulation are compared with those of the analysis using the SingleElectron-22Jan2013 data sets.

P4-B032

The Electron Charge-Asymmetry in pp -> W+X Production using Double Rayleigh
Function at Sqrt(s) = 8 TeV
NAM Soon-Kwon, KROPIVNITSKAYA Anna, KIM Jungmin, KIM Taehoon, NAM Yeonseo, LEE Sangeun1, SON
Dongchul1, KIM Guinyun1
Kangwon National University. 1Kyungpook National University.
The measurement of the electron charge asymmetry in inclusive W production with the CMS detector is presented. The
asymmetry is measured with 22Jan2013 dataset collected by the CMS detector of the LHC. We extracted the charge
asymmetry from MET fitted signal events with double rayleigh function. The charge asymmetry is measured in eleven bins of
the absolute value of electron peudo-rapidity and compared with that of 2011 real data of the electron charge asymmetry. We
also present the results of the uncorrected charge asymmetry.

P4-B033*
,

PDF Uncertainties and K-factor for the W' search at 13 TeV Collisions
,

,
.
We present the PDF Uncertainties and K-factor for a new heavy charged gauge boson W' decaying into a electron and a
neutrino at the LHC using pp collisions at 13 TeV center of mass energy. The PDF Uncertainties and K-factor are important to
understand the systematics in the channel. Of particular the PDF uncertainties is the biggest systematics. The PDF
uncertainties for the W' production cross-section are evaluated using LHAPDF package based on method from PDF4LHC
working group. Three PDF sets(CTEQ66,MSTW2008,NNPDF21) as next-to-leading order(NLO) level were used with 68%
C.I. The K-factor was determined from the ratio between LO and NNLO cross-section. The cross-section estimations were
calculated by the Fully Exclusive W and Z(FEWZ) package. Both PDF uncertainties and NNLO cross-sections are shown
according the mass of W' up to 7 TeV. The tools for estimating PDF uncertainties and the K-factor are available and the tasks
may be extended to other exotica channels using these tools.

P4-B034*

Search For The Standard Model Higgs Boson In The u+u- Decay Channel In pp Collisions
With Future Experimental Set Up
LEE Jangbae, PARK Inkyu, RYU Minsang1, KIM Jihyun, LEE Jason, CHOI Minkyoo, RYU Geonmo, KIM Hyuonyong,
CHOI Kijin
,
. 1
,
.
Results are presented from a search for the standard model higgs boson in the di-muons decay channel. This research includes
CMS phase 2 detector configurations having extended its detector eta region from -2.4 to 2.4. From the results, we confirm
that the number of the event are noticibly increased and present its expected significances.

P4-B035*

Calculation of expected limits of Kluza-Klein W' of split-UED from a single lepton channel
in pp collisions at sqrt(s) = 13 TeV using MC data
,

,

,
.
The search for a new heavy gauge boson Kaluza-Klein W’ derived from split universal extra dimension model(UED) is
studied at pp collisions. The data is based on MC data with the CMS experiment at 13 TeV. The observed limit obtained from
SM like W' search was directly applied to set limits on the mass of second Kaluza-Klein mode of W boson and the bound on
split-UED parameter space[1/R, mu] due to same decay kinematics.

P4-B036

Search for third-generation leptoquark and scalar top quark in pp collisions at 8 TeV

OH Youngdo, KIM DongHee
Kyungpook National University.
A search is performed for the pair production of third-generation scalar particles with lepton and two bjets in the final states
using 19.7 fb-1 pp collision data at sqrts=8TeV. The observed results are in good agreement with the prediction of standard
model. The 95% CL limits on the cross section times branching fraction are set as a function of the masses of scalar particle.
The results are used to set the lower bound mass of the third generation of leptoquark and scalar top quark at the 95% CL.

P4-B037*

Improvement of Top Quark Reconstruction Method Using the Neural Network

LEE Hyun Su, SHIM Ji Hyun
High Energy Particle Physics, Ewha Womans University.
Among the elementary particles of the standard model, the top quark is the heaviest known particle decaying before it
combines with other quarks to make a hadron. This is an unique aspect of the top quark. Therefore study of the top quark is
very important to understand properties of a bare quark. Tevatron have been studied many properties of the top quark with a
great precision. Even though LHC is now producing the top quarks with two order of magnitude large rate, the Tevatron still
have unique aspects of better detector understanding and different initial collision partons. Especially, top-quark mass as well
as the foreward-backward asymmetry of the top quark production are difficult measurements to reach similar precision of the
Tevatron from the LHC. Due to a shutdown of the Tevatron, it is quite important to effectively use the existing data for such
important measurements. That is why we conducted research to improve the method in the reconstruction of the top quark
using the neural network. We used the Monte Carlo simulation of the top quark to research the reconstruction of the
lepton+jets final state of top-antitop pair production. Here, to increase an efficiency of correct matching 4 jets to form original
quarks, we develop neutral network technique. The results are compared with the historically used kinematic reconstruction
method based on chisquare fit. First, we compared a purity (the rate which the 4 jets are correctly matched to the quarks,).
Since the purity depends on efficiency (the rate which eliminates incorrect matching,) we plot the purity-efficiency
distribution. As a result, we find that the neural network method has much greater purity at the same efficiency. Next, we adopt
this method on the reconstruction of the top quark mass. We compare the reconstructed mass to the true mass. As a result, we
obtain much better resolution using the neural network method. Also, we compare the reconstructed rapidity used in measuring
the forward-backward asymmetry and the true rapidity, and find that we obtain much improved results using the neural
network method.

CG-01

Model-independent Aspects of the Reaction Kbar N -> K Xi

, JACKSON B.C.1, NAKAYAMA K.1, HABERZETTL H.2
. 1Univ. of Georgia. 2George Washington Univ..
Various model-independent aspects of the Kbar N -> K Xi reaction are investigated, starting from the determination of the
most general structure of the reaction amplitude for Xi baryons with spin 1/2 and 3/2 and the observables that allow a complete
determination of these amplitudes. Polarization observables and symmetry of the reaction are discussed. We also discuss a
possible way to determine the spin-parity quantum numbers of the Xi baryons.

CG-02

Jet-quenching parameter of QGP

.
We investigate the jet-quenching parameter $\hat{q}$ for the quark-gluon plasma (QGP) for $N_c=3$, defined
nonperturbatively with the Wilson loop in the light-cone (LC) coordinate, at finite temperature $(T)$. Considering the
effective static (heavy) quark-antiquark potential $V_{\bar{Q}Q}=\sigma L+C-A/L$, where $L$ indicates the LC transverse
separation between the quarks, we obtain $\hat{q}\approx8V_{\bar{Q}Q}/L^2$. The $T$ dependences for $L$ and other
relevant parameters are extracted from the $T$-dependent instanton (trivial-holonomy caloron) length parameters and the
lattice QCD data. By choosing $L\approx{a}\approx\bar{\rho}_T$, in which $a$ and $\bar{\rho}_T$ denote the lattice
spacing and the $T$-dependent average (anti)instanton size, respectively, we acquire numerically that $\hat{q}=(5\sim25)
\,\mathrm{GeV/fm}$ for $T=(0\sim0.6)$ GeV, and these values are well consistent with other estimations from AdS/CFT and
experimental analyses. It turns out that $\hat{q}$ is produced almost by the Coulomb and constant potentials of $V_{\bar{Q}
Q}$. We also observe that the ratio $T^3/\hat{q}$ turns into being saturated to $\sim4.45\times10^{-2}$ for $T\gtrsim0.4$
GeV, indicating the strongly-coupled QGP, and $\hat{q}$ behaves proportionally to $T^3$ for high $T$.

CG-03

Reconstruction of photons and jets in relativistic heavy ion collisions using CMS detector at

LHC
,

,
,
.
We report the latest development on the CMS reconstruction of high-pT photons and jets in relativistic heavy ion collisions.
Prompt photons are reconstructed using island clustering algorithm and identified by several isolation criteria using
calorimeters and tracking system. Jets are found using anti-kT algorithm with an extra energy correction deployed to subtract
background energy. A new data driven method to estimate the underlying event level from the forward calorimeter energy
distribution, taking into account possible flow modulation in collective phenomenon, is presented.

CG-04

Investigates about gluonic dimension 6 operators

LEE SuHoung, KIM HyungJoo
.
The QCD phase transition is characterized by a rapid increase of E^2
condensate and mild change in B^2 at the cross over point at finite temperature. To investigate the behavior of higher
dimensional operators near the cross over point, we derive constraints and determine the independent gluonic operators at
dimension 6. We find that these are two scalar operators and three spin2 operators. Specifically, we can represent them in
terms of E, B fields and external current J. In an attempt to calculate them from lattice simulation, we also represent them
using link variables.

CG-05*

Generalized Form Factors and Transverse Charge Densities of the Pseudoscalar Mesons
from the Instanton Vacuum.
,
.
We investigate the vector generalized form factors A10 and A20 of the pion and the kaon from the instanton vacuum by taking
into account the SU(3). The corresponding transverse charge densities are discussed. The quark components of the form
factors and the transverse charge densities are examined as well.

CG-06*

Study of np→dγ reaction up to a few MeV region using extended chiral perturbation theory
with vector mesons and Δ(1232)
,

1,

1

,
. 1
,
.
The radiative neutron capture on the proton, np→dγ, figures importantly in astrophysics as well as in many other fields. Being
a process of a two-nucleon system where microscopic calculations can be applied, the reaction can also serves as a good
testing ground for effective field theories. Both chiral perturbation theory (ChPT) and pionless effective theory are known to
describe well its cross section near threshold. In this work, we study the process up to a few MeV region using an extended
ChPT which consists of massive vector mesons (ρ and ω) and Δ(1232) isobar as well as pions and nucleons. Calculations are
performed up to next-to-leading order, and the low-energy constants of massive fields are determined so that the experimental
cross section at threshold is correctly reproduced. The role of those heavy degrees of freedom is then discussed by comparing
our results with and without them.

CG-07
,

Effects of the time-dependent non-thermal distribution on the big bang nucleosynthesis
,

1

. 1
.
As a trial of resolving the so called lithium problem in BBN, we study the consequences of introducing a small portion of nonthermal distribution. By modeling the portion as a Gaussian form on the $log(T)$ plane, which has 3 parameters for the
position, the height and the width, the non-thermal distribution is allowed to be effective only for a certain period of BBN
process. As for the shape of the non-thermal distribution, we adopt a simple-minded Maxwell distribution but with a different
temperature, $\zeta T$, $\zeta$ is another parameter of our work. By scanning the four-dimensional parametric space of wide
range, we can find a hyper-surface which consists of a set of points that give us a good agreement with the observational data
for all the deuteron, He4 and lithium. <!--[if !supportEmptyParas]--> <!--[endif]-->

CG-08
,

Photoproduction of scalar mesons
1,

. 1
.
We investigate f0(500)N and f0(980)N photoproduction processes within a framework of the effective Lagrangian method.
The mechanism include
exchange in the t-channel and N* resonances in the s-channel. We discuss the numerical results for
the total cross sections and the differential cross sections for the proton target.

CG-09

Double-Lambda He-6 in cluster effective field theory

ANDO Shung-Ichi, OH Yongseok1
Sunmoon University, Department of Information Display. 1Kyunpook National University, Department of Physics.
The bound state of ${}_{\Lambda\Lambda}^{\ \ 6}$He is studied in cluster effective field theory at leading order by treating
it as a three-body ($\Lambda$-$\Lambda$-$\alpha$) cluster system. We discuss the separation scale between relevant low and
irrelevant high energy degrees of freedom as well as the counting rules of the theory. We study the correlation between the
double $\Lambda$ separation energy $B_{\Lambda\Lambda}$ from ${}_{\Lambda\Lambda}^{\ \ 6}$He and the scattering
length $a_{\Lambda\Lambda}$ of the $S$-wave $\Lambda\Lambda$ scattering, and discuss the scale dependence of the
system.

CG-10
,

Rescattering contributions in $\Lambda(1520)$ photoproduction off the proton
1

. 1
,
.
In the present work we investigate the contributions of coupled-channel
in $\Lambda(1520)$ photoproduction within the effective Lagrangian
method. Beside the Born term and resonances, $\phi$ and $\Lambda
(1405)$ intermediate processes are considered. We found that these
rescattering processes gives finite and important contribution to
reproduce data. We compare our result with recent LEPS and CLAS
data.

CG-11

Production of J/Psi mesons in heavy ion collisions

CHO Sungtae, LEE Su Houng
Yonsei University.
It has been found that the nuclear modification factor of a J/Psi meson shows no significant dependence on centrality when
going from Relativistic Heavy Ion Collider (RHIC) energy to Large Hadron Collider (LHC) energy, and it is believed that the
regeneration of the J/Psi meson plays an important role in the production of J/Psi mesons. In this work we investigate the
effects of the J/Psi meson production by charm quark coalescence on the nuclear modification factor in heavy ion collisions.
We find that the charm quark coalescence of J/Psi meson is mainly responsible for the J/psi production in low transverse
momentum region.

CG-12*
,
Hermann4

QCD phase transition at RAON?
1,

2,

.

1

GAITANOS Theodoros3, WOLTER
,

2

.
. 3Giessen U.. 4Munich U..
QCD phase diagram at finite baryon density with large isospin
asymmetry is an interesting and important topic in modern nuclear and hadron physics. In this talk, we present some
properties of dense nuclear matter, say RAON nuclear matter, that RAON may be able to create in near future. We estimate
the maximum baryon number density and isospin asymmetry of the RAON nuclear matter as a function of time using a
transport model and discuss if a QCD phase transition can be realized in RAON nuclear matter. In the figure,
the nucleon density profile of Tin-132 is shown as a function of time, which demonstrates the stability of initialization.

CG-13*
,

,
,

CG-14

,
.

1IBS(

,

,

,

1

).

Simulation and design of the low-energy LAMPS system at RAON

1
,
,
,
,
. 1IBS.
Understanding the characteristics, in particular the equation of state and its symmetry energy term, of the nuclear matter with
large isospin asymmetry is one of the prime interests in contemporary nuclear physics. The nuclear symmertry energy at subsaturation desities can be explored in details at RAON by using the low-energy beams at 18.5 MeV per nucleon. As a result,
the low-energy setup of the Large Acceptance Multi-Purpose Spectrometer (LAMPS) is being designed. Presently, the large
acceptance Si-CsI system and the forward plastic scintillator array are considered for the charged particle detection and the
neutron measurement, respectively. In order to optimize the granularity and the detector size of each unit detector, the two
event generators, AMD and PHITS, were employed for 132Sn + 124Sn collisions at about 20 MeV/u. In this presentation, we
summarize the current design of the low-energy LAMPS with the detector simulation using the events generated by the nuclear
models.

,

CG-15*
,

Simulation and test results of the low-energy neutron detector for LAMPS at RAON

,
,
.
Low-energy nuclear collision is a very useful tool to study the nuclear equation of state and its symmetry energy term at
densities below the saturation value (~0.16 per cubic fm). The nuclear symmetry energy is critical to determine the structure
and the characteristics of the core of neutron star. Therefore, the Large Acceptance Multi-purpose spectrometer (LAMPS) at
the low-energy experimental area at RAON is being designed to detect the neutral as well as the charged particles emitted in
isospin asymmetric nuclear collisions. Here, the neutron is particularly important to study the nuclear symmetry energy in the
ratios of mirror nuclei and the flow parameters. So we have simulated the performance of the forward neutron detector array of
the low-energy LAMPS setup at RAON by using the GEANT4 toolkit. We have also built the prototype neutron detector
supermodule that consists of seven scintillator blocks. In this talk, we present the summary of the GEANT4 simulation and the
response of the prototype detector to the 252Cf source.

CG-16*

,

Nuclear Symmetry Energy in QCD degree of freedom

,
.
We are interested in the isospin asymmetric nature in cold – dense QCD
matter. We calculated the cold-matter symmetry energy from the
thermodynamic potential in HDL approximation. In cold matter, all
gluonic ring diagrams can have only soft mode with hard dense quark
loop corrections. In the region of quark chemical potential ~ 500 MeV,
the symmetry energy has a value ~20 MeV. The HDL approximated strong interaction reduces the symmetry energy in 3 MeV
and seems to vanish at high iso-spin asymmetry (IB≥ 2.5). The ratio, the symmetry energy to the energy per a baryon number,
has not been changed in the two phases: the normal nuclear matter [Ref. Kie Sang Jeong and Su Houng Lee, Phys. Rev. C 87,
015204 (10.1103/PhysRevC.87.015204)] and the cold – dense quark matter.

CG-17

Thin Gaseous Ionization Detectors for Measurements of High-energy Hadron Beams and for dose
verification in particle therapy
,
,
,
,
,
.
In the present R&D we have developed thin gaseous ionization detectors based on a current-integration mode for
measurements of high-energy hadron-beams and for precision dose verification in particle therapy. In the present detector
R&D, two different types of prototype detectors each equipped with 256-signal processing channels and operated at a
maximum data transfer speed of 35 kHz, were manufactured and tested with x rays with a mean energy of about 20 keV and
43-MeV protons provided by the MC50 proton cyclotron at the Korea Institute of Radiological and Medical Science
(KIRAMS). The first one was equipped with a single gas electron multiplier (GEM), and the second one was a thin-plane
ionization detector without the GEM foil loaded. The quantitative accuracies for the channel-response data and for the total
detector responses measured for the x rays and for the protons were 0.4% and 0.34%, respectively. Especially for the GEM
loaded detector, the uniformity of the amplification for gas electrons by the GEM foil appearing in the channel responses were
carefully measured with low-intensity x rays. We conclude from the radiation tests that operating both types of detectors in the
current-integration mode will allow quality measurements of hadron beams and for dose verification in particle therapy with
accuracies of better than 1%.

CG-18
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CG-19*

Low $p_{T}$ non-photonic electron production in Au+Au collisions at $\sqrt{s_{\rm NN}} =

$ 200 GeV
OH Kunsu
Pusan National University.

CG-20*

Bottomonia Production in pp, pPb, and PbPb Collisions in CMS

1,
,
,
,
,
1
Korea University. University of Illinois at Chicago.
The production of three individual Υ states (1S, 2S, 3S) has been investigated using the Compact Muon Solenoid (CMS) in pp
and pPb collisions at the center-of-mass energies of 2.76 and 5.02 TeV respectively. The datasets used in this analysis
correspond to the recorded integrated luminosities of about 31/nb (pPb) and 5.1/pb (pp), collected in 2013 at LHC.We study
upsilons which decay into muons of transverse momentum above 4 GeV/c and pseudo-rapidity in the nucleon-nucleon centerof-mass frame of |η_CM| < 1.93. In particular the upsilon yields are studied as a function of two measures of “event activity”,
the charged-particle multiplicity measured in |η| < 2.4, and the transverse energy deposited in forward region 4.0<|η|< 5.2.
The ratios of the excited to the ground state Υ(nS)/Υ(1S) are measured in both datasets and compared to the PbPb results. The
ratios decreases with the charged-particle multiplicity, and show a smaller variation with the transverse energy. The double
ratios, [Υ(nS)/Υ(1S)]pPb/[Υ(nS)/Υ(1S)]pp, integrated by the event activity are 0.83 ± 0.05 (stat.) ± 0.05 (syst.) and 0.71 ± 0.08
(stat.) ± 0.09 (syst.) for Υ(2S) and Υ(3S), respectively.

CG-21*

Measurement of Electrons from Beauty-Hadron Decays in p-Pb Collision at $\sqrt{s_{\rm
NN}}=5.02 \textrm{TeV}$ and in Pb-Pb Collision at $\sqrt{s_
{\rm NN}}=2.76 \textrm{TeV}$ with ALICE at the LHC
KIM Minjung, YOON Jin-Hee, KWEON MinJung
Inha University.

CG-22*
,

Azimuthal anisotropy of prompt J/psi in PbPb collisions in CMS
1,

1UIC.

,

,

,

.
At very high temperature and energy densities created by heavy-ion
collisions at the Large Hadron Collider(LHC), quarks and gluons are
expected to be deconfined, forming the Quark-Gluon Plasma (QGP)
predicted bt Quantum chromodynamics(QCD). One of the golden
probes to explore the detailed properties of the QGP is quarkonia which
are bound states of heavy flavor quark and anti-quark. As created early,
the quarkonia are expected to carry out information on the initial state
and the medium effects.The elliptic flow is the second Fourier
coefficient in the expansion of the momentum distribution in the
azimuthal angle relative to the reaction plane of the nuclear collision.
One of the sources for a non-zero elliptic flow is the path length
difference for absorption of the probed particles traversing the reaction
zone. Another source is the asymmetry in the collective flow due to
stronger pressure gradients across the short axis of the overlap region of
the two colliding nuclei.In this presentation, the azimuthal anisotropy
analysis of prompt J/psi to dimuon measured in PbPb collisions at center-of-mass energy 2.76 TeV is summarized. The data
sample corresponds to an integrated luminosity of 160/ub, collected by the Compact Muon Solenoid (CMS) experiment at
(LHC).

CG-23*

Nuclear Modification Factor of Prompt and Non-prompt J/psi in PbPb Collisions at 2.76

TeV
,
,
,
,
,
Korea university.
The quark-gluon plasma (QGP) is a deconfined partonic matter under the conditions of high energy density and temperature
which is predicted by Quantum Chromodynamics (QCD). The QGP is expected to be created via heavy-ion collisions (AA) at
ultra-relativistic energy regime. The measurement of quarkonium states as well as open heavy-flavor could provide essential
information on the QGP since they experience the medium from the early stage of the collisions. Quarkonia are bound states of
heavy quark and anti-heavy quark, and characterized by their binding energy. In the QGP, the color-screening effect would
lead a sequential dissociation of quarkonium states depending on the binding energy. As this effect can be revealed by
different levels of suppression for various states we often refer quarkonium as a thermometer of the QGP. On the other hand,
the dead-cone effect predicts that the radiative energy loss is larger for open heavy-flavor than light flavors and gluons. The
nuclear modification factor, R_AA, is a sensitive observable to quantify the relative production of particles in heavy-ion
collisions. In this presentation, the nuclear modification factors for prompt J/psi, representing the quarkonium state, and nonprompt J/psi, representing the open heavy-flavor, will be presented. The current results are based on an integrated luminosity
of 150/μb PbPb collisions, collected by the Compact Muon Solenoid (CMS) experiment at LHC.

CG-24

Study of the production of B mesons in p-Pb collisions using displaced electrons in ALICE

KWEON MinJung, YOON Jin-Hee, CHO Soyeon
Inha university.
Heavy-flavor hadrons which mean hadrons containing charm or beauty
quarks are produced at an early stage in the initial hard scattering
processes. Thus, in heavy-ion collision, heavy-flavor hadrons are
considered as probes to provide constraints on parton energy loss
mechanisms in the medium produced. Especially, the medium-induced
parton energy loss is expected to depend on the parton mass and the
color charge factor. This implies that the nuclear modification factor
RAA, defined as the ratio of the yield measured in A-A to that observed
in pp collisions scaled with the number of binary nucleon-nucleon
collisions, is larger for the beauty hadrons compared to charm and light
hadrons. Therefore the separate measurement of charm and beauty
production allows us to test theoretical predictions. In order to
investigate the final state effect by the produced medium, proton-nucleus
(p-A) collisions are measured as references for cold nuclear matter
effects such as gluon shadowing and color glass condensate. Using
ALICE detector, electrons can be identified with high purity down to
low transverse momentum. Due to their long lifetime (cτ ~ 500 μm),
electron tracks from semi-leptonic beauty hadron decays feature a rather
broad impact parameter distribution. A track selection cut on the impact
parameter is applied in order to enhance the signal-to-background ratio
(S/B) of electrons from beauty hadron decays. The remaining electron
backgrounds are subtracted based on other ALICE measurements as it is
done in pp collisions at $\sqrt{s}$ = 7 TeV [Fig. 1]. We present the
status of the analysis of the electrons from beauty decays measured at mid-rapidity in p-Pb collisions with ALICE at the LHC.

CG-25*
,

Isolated photon measurements in pp and PbPb collisions with CMS
,

,
.
Measurements of photon-jet correlation allow an unbiased characterization of the in-medium parton energy loss. We report
new measurements using isolated photons based on the high statistics 2.76 TeV pp reference data and 5.02 TeV pPb data
collected in 2013. For events containing a high pT isolated photon with an associated jet, the photon+jet pT imbalance is
studied as a function of collision centrality and compared to pp data and model calculations. The fraction of photon with an
associated away-side jet Rj,gamma is studied as a function of collision event centrality and photon transverse momentum. A
significant reduction on the Rj,gamma was observed in central PbPb collisions, while no significant modification was observed
in 0-100% pPb collisions.

CG-26
for PHENIX collaboration.

CG-27

Status of the W-to-Muon Analysis in the Run 12 of PHENIX

KIM Chong
Korea University / RIKEN.
The question on the origin of the proton spin, triggered by the EMC results in 1980s, is still remained to be understood. The
proton spin can be understood as the total sum of the contributions from (anti)quarks, gluons, and their orbital angular
momenta. The ongoing W physics program at RHIC targets, especially, the flavor separated sea quark polarizations. The
information on the sea quark polarization can be obtained by the single spin asymmetry constructed by the high-momentum
leptons decayed from the parity-violating W bosons in the longitudinally polarized proton collisions. In this talk, we report the
current status and the recent results of the W-to-muon analysis using the data set obtained by the PHENIX collaboration in
2012.

P2-C001

Analysis of TL Glow Curve on Calcite

,
.
The physical characteristics of the overlapping peaks in the thermoluminescence glow curves of a calcite sample are
investigated. The Tm-Tstop method is employed to identify the number of hidden glow peaks, and the kinetic parameters of
each separated glow peak, including thermal activation energy, kinetic order, and frequency factor, are evaluated using a
computerized glow curve deconvolution (CGCD) method. The Tm-Tstop method indicates that the glow curve of the calcite is
the superposition of at least five components. In the bleaching experiment, it is found that the bleaching rates of each peak
show two exponential decays. Additionally, in the study of the radiation dose response for three peaks, the P3 and P4 peaks
have a similar pattern, but the P5 peak shows little growth for an additional beta dose.

P2-C002
,

Photo-transferred Thermoluminescence in Quartz
,

,
.
Photo-transferred thermoluminescence (PTTL) is the phenomenon of optically stimulated transfer of electrons from deep
traps into shallow traps, yielding subsequent thermoluminescence peaks depending on light source intensity, wavelength and
illumination time. It is observed in many natural artificial materials and has been proposed as useful tool for dosimetry and
dating. Regarding the quartz, various interpretations can be found in literature. In this work, some considerations about the
recombination pathway of the optically stimulated electrons from deep traps for bleached and heated quartz are discussed.

P2-C003

Relativistic Analyses of the 22Ne(p,p')22Ne Reaction at 800MeV

SHIM Sugie, KIM Moon-Won
Kongju National University, Physics Department.
800MeV proton inelastic scatterings from an s-d shell nucleus 22Ne are analyzed relativistically using optical potential model.
Lorentz covariant scalar and vector optical potentials are considered for the direct potentials and the first-order collective
rotational model is used for the transition potentials to describe the low lying excited states of the ground state rotational band.
The complicated Dirac coupled channel equations are solved phenomenologically using a computer code called ECIS. The
deformation parameters for the excited states obtained by solving the Dirac coupled channel equations are analyzed and
compared with those of the other s-d shell nuclei such as 20Ne, 24Mg and 26Mg and those of nonrelativistic calculations.The
first-order collective model calculation using phenomenological optical potentials in Dirac coupled channel formalism could
describe the low-lying excited states of the GSRB at the 800 MeV proton inelastic scatterings from an s-d shell nucleus 22Ne
reasonably well.

P2-C004

Measurement of the 14O(alpha,p)17F Reaction at Ecm =2.2~5.3 MeV

KIM Aram, LEE Nam Hee1, YOO Jung Sook2, HAN Mi Hee2, HAHN In Sik2, CHOI Seon Ho3, MOON Jun Young4, KWON
Young Kwan4, JUNG Hyo Soon5, LEE Chun Sik5, YAMAGUCHI H.6, WAKABAYASHI Y.6, BINH D.6, HASIMOTO H.6,
KAWABATA T.6, KAHL D.6, KURIHARA Y.6, KOMATSUBARA T.4, GUO B.7, WANG B.7, WANG Y.7, LIU W.7,
KUBONO S.8, HAYAKAWA S.9
Department of Physcis, Sung Kyun Kwan University. 1Department of Physcis, Ewha Womans University. 2Department of
Science Education, Ewha Womans University. 3Department of Physics, Seoul National University. 4RISP, Insititute for Basic
Science. 5Department of Physics, Chung Ang University. 6Center for Nuclear Study, University of Tokyo. 7China Institute of
Atomic Energy, China. 8RIKEN Nishina Center, Japan. 9INFN-LNS, Italy.
The direct measurement of the astrophysically important 14O(alpha,p)17F reaction was performed using a low-energy
14Obeam at the Center for Nuclear Study, University of Tokyo. The excitation function for Ex =7.3~ 10.4 MeV in 18Ne was
measured with the thick targetmethod and several new states as well as previously known states havebeen observed. In this
study, we did not observe strong double proton decayevents, compared to a previous study. We analyzed singleproton decay
events using the TOF (Time of Flight) information ofthe recoiled protons. Consequently, we report the excitation functionof
14O(alpha,p)17F, when we consider that two channels,which are decaying to the groundand 1st excited states of 17F, are
mixed.

P2-C005

Development Of Fast Ionization Chamber And MWPC For KOBRA Recoil Spectrometer

GWAK Minsik, CHAE Kyungyuk, CHA Soomi, LEE Eunji
Physics department, Sungkyunkwan University.
Detection of beams and beam-like heavy recoils is crucial for nuclear physics experiments. For detecting heavy recoils, one of
the most popular devices is an ionization chamber, since it is very sturdy against radiation damage and easy to make and/or
use. We have designed and manufactured a prototype of a fast ionization chamber by reducing travel distance of ionized
electrons and positive ions. MWPC is also a popular device for a beam tracking detector. Together with the fast ionization
chamber, a prototype of a MWPC was fabricated and tested by using an alpha-emitting source at Sungkyunkwan University.
Details about the design and preliminary experimental results shall be discussed.
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P2-C007
,

Radioactive Decay Simulation using Geant4 with New Evaluation of Structrure Data
,

.
Decay data of Geant4 are originated from ENSDF (Evaluated Nuclear Structure Data File). ENSDF includes gamma transition
information as well as decay data all together while decay data library of Geant4 stores them separately. Decay data and
energy levels of gamma transition can be inconsistent at times and this inconsistency can result in improper conclusion. To
resolve this problem, evaluation of structure data should be performed to square the decay data with the energy levels. In this
study, structure data of 66Co, which shows inconsistency in the decay data and energy levels, has been newly evaluated and the
simulation results are compared with previous one.

P2-C008

Development of Sm3+ or Tb3+ doped Gd3Ga2Al3O12 Phosphors for X-ray imaging

HONGJOO Kim, MYEONGJIN oh1
Department of physics, kyungpook national university. 1Department of physics kyungpook national university, Department of
Radiology Daegu Heath Colleage.
Sm3+ or Tb3+ doped Gadolinium Gallium Aluminum Garnet (Gd3Ga2Al3O12) phosphors are developed by solid state reaction
with gadolinium oxide, gallium oxide, aluminum oxide, samarium oxide and Terbium oxide as starting materials. The powders
are calcined at 1300 ℃ for 5 hours by using a horizontal furnace. For this study, Gd3Ga2Al3O12:Sm3+, Tb3+ phosphors are
characterized by XRD (X-ray diffraction) and FE-SEM (field-emission scanning electron microscopy). In addition, the
luminescence properties for X-ray induced luminescence and photoluminescence are measured. The emission spectrum shows
the range of 500~800 nm wavelength roughly. Meanwhile, Gd3Ga2Al3O12 has high effective Z-number (Zeff = 51) which is
sensitive to X-ray and gamma-ray. Therefore Gd3Ga2Al3O12:Sm3+, Tb3+ Phosphors are good candidates for diagnostic X-ray
imaging.

P2-C009*

Water NMR Prototype for Polarized 129Xe NMR Signal Calibration,using bird cage coils

KAVTANYUK Vladimir, TAN Joshua Artem, STEPANYAN Samuel,
,
.
We present water NMR measurements, for polarized 129Xe NMR signal calibration, with using birdcage coils, which were
installed parallel in the center of the Helmholtz coils. The oscillating RF and Pick-up signals are managed by Tecmag Apollo
LF-1. We set two LC circuits (driver and receiver) to resonance frequency – 34.5 kHz, by using a capacitance decade box for
the driver circuit and a conventional capacitor for the receiver circuit. In the static magnetic field, nuclear spin of nuclei, gets
flipped and precesses around the vector of the field, with Larmour frequency. When an oscillating magnetic field is
perpendicularly applied to the static magnetic field, with Larmour frequency, this leads to resonance absorption and emission
of electromagnetic energy of water, due to the reorientation of the magnetic moments of atomic nuclei. The resonance emitted
signal is captured by Pick-up coil and sent to the Apollo LF-1 software for the investigation

P2-C010*

Design of the polarized radioactive ion beams with RAON for nuclear structure, reaction
and astrophysics experiments
1,
1
, VLADIMIR Kavtanyuk,
,
.
Isotope Science Project (RISP), Institute for Basic Sciences (IBS).
The projectile fragmentation technique has become an extremely useful tool in nuclear structure studies and revealed multiple
rare nuclei far from stability as well as their special characteristics. We have been working on study and simulations of
polarized radioactive ion beams production and analysis through this method. An overview of the method and its features will
be presented with respect to the radioactive ion beam facility RISP which is being designed and developed currently in Korea.

GLADKOV Aleksey,

1Rare
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P2-C012*

ALICE-ITS Pixel Chip Test-System at Pusan National University

KIM Jiyoung, CHOI KyungEon, LIM Bong-Hwi, YOO In-Kwon
Pusan National University, Department of Physics.
For the ALICE collaboration
The ALICE (A Large Ion Collider Experiment) is a general purpose experiment dedicated to the study of heavy ion collisions
at the LHC. The main goal of the ALICE-ITS (Inner Tracking System) upgrade project is to improve the vertexing and the
tracking capabilities at low pT according to projected increasing luminosity at LHC. The new ITS is, therefore, based on the
latest silicon pixel technology and designed to raise the data taking rate with new readout system and to reduce the pixel size
and the material budget. We construct a pixel chip test system at Pusan National University to measure the characteristics of
the pixel chips. We present the first result of the prototype pixel chip.

P2-C013*

The relation between dibaryon field and nucleon contact interactions with a Gaussian cutoff

IN EunJin, PARK TaeSun1, HONG Seung-Woo1
Department of Energy Science, Sungkyunkwan University. 1Department of Physics, Sungkyunkwan University.
A link between the nucleon contact interactions up to NLO and dibaryon field is studied with a Gaussian regulator that
suppresses off-shell contributions, <!--[if !vml]--><!--[endif]--> where k is the on-shell momentum and <!--[if !vml]--><!-[endif]--> is the momentum cutoff. For this, we first turn off the contact interactions and determine the values of dibaryon
parameters, <!--[if !vml]--><!--[endif]--> and <!--[if !vml]--><!--[endif]--> , as a function of <!--[if !vml]--><!--[endif]--> so
that the experimental values of the 1S0 scattering length and effective range be correctly reproduced. We then turn on the
contact interactions and repeat the above renormalization procedure with <!--[if !vml]--><!--[endif]--> and <!--[if !vml]--><!-[endif]--> , varying the parameter t from 0 to 1. The coefficients <!--[if !vml]--><!--[endif]--> and <!--[if !vml]--><!--[endif]-> are found to be smoothly varying from t=0 (NN contact interactions limit) to t=1 (dibaryon field limit). The calculated phase
shifts agree well with the experimental data for all <!--[if !vml]--><!--[endif]--> .
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P2-C016

GEANT4 and PHITS simulations for the shielding of neutrons from 252Cf source

,
.
Neutron shielding simulations by using GEANT4 and PHITS codes are performed, and the results are compared with each
other. As a neutron source, 252Cf is considered and the energy distribution of the neutrons emitted from 252Cf is assumed to be
the Watt fission spectrum. The neutron dose equivalent rates with and without the shield are estimated for several shielding
materials such as graphite, iron, polyethylene, NS-4-FR and KRAFTON-HB. For the neutron shielding simulations by using
GEANT4, high precision (G4HP) model with G4NDL 4.2 based on ENDF-VII data are used. For PHITS simulations, JENDL4.0 library are used for the same purpose. It is found that differences between the simulation results by using GEANT4 with
G4NDL 4.2 and PHITS with JENDL-4.0 library are not significant for all the cases considered in this work. We investigated
the accuracy of the neutron dose equivalent rates obtained from GEANT4 and PHITS by comparing our simulation results
with experimental data and other values calculated earlier. Calculated neutron dose equivalent rates agree well with the
experimental dose equivalent rates within 20% errors except for polyethylene. For polyethylene material, discrepancy between
the calculations and the experiments are up to 40%.

P2-C017
,

New charge exchange model for GEANT4 simulation for 9Be(p, n)9B reaction
1,

,

1,

,
. 1
,
.
9
A new
n) B charge exchange model of GEANT4 is developed in this work. The model is based on evaluated nuclear
data. The differential cross section data from ENDF/B-VII.1 are used for the description of the charge exchange reaction.
Significant improvements are made for the neutron spectrum by using this model. Our model is benchmarked against
experimental data and is found to be useful for the calculations of neutron yields produced by proton incident on 9Be target.
9Be(p,

P2-C018

A comparison of the radiation dose rate for beam dump materials

CHOI Y. G., KIM Y. S.
Department of Nuclear & Energy System Engineering, Dongguk University.
.
.
.
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P2-C019

A study of the $f_0(980)$ structure as $K\bar{K}$ bound state

LEE Hee-Jung
.
We discuss if the scalar meson $f_0(980)$ can exist as a bound state of $K$ and $\bar{K}$ mesons within the QCD sum rule.
Using the operator product expansion, we obtain the QCD sum rule up to the operators of energy dimension 10. We showed
that it looks difficult to consider $f_0(980)$ as a simple bound state of $K$ and $\bar{K}$ mesons.

P2-C020

Dose measurement of the Micro CT X-ray

KIM HyoJin, RO Tae-IK, KANG Yeong-Rok1, LEE Man Woo1, JEONG Dong-Hyeok1, KIM Jeung-Kee1, RHEE Dong Joo1
Dong-A University,Department of Physics. 1Research center, Dongnam Inst. of Radiological &Medical Sciences..
In this study, The micro-CT X-rays energy spectrum were measured by CdTe semiconductor detector (X-123, Amtek,
U.S.A). The detector is used to measure the energy spectrum of X-rays from a micro-CT scanning for small animal
examination. The energy linearity and resolution of the detector has been calculated using the spectra of several radioisotopes.
We used the GEANT4 simulation code to determine the x-ray energy spectrum. This Geant4 simulating results were compared
with experimental results.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 (50491-2014)

P2-C021*

Study about energy loss dependence of path-length by using inclusive RAA and flow

harmonics
,

1,
1Jyvaskyla

.
university.
One of the prediction of parton energy loss calculation is the average energy loss can be represent as a function of the mean
free path in medium. And energy loss in medium can be indirectly evaluated from nuclear modification factor, Raa.
With combination of using inclusive RAA and flow, we can estimate the dependence of suppression on geometry which
related to mean free path length. We are going to present about study result of path-length dependence of RAA by using flow
harmonics and calculation of path-length from glauber simulation corresponding to LHC energy \sqrt_{NN} = 2.76 TeV. As a
result, we are going to show the RAA values as function of pt and path-length.

P2-C022*

Characterization Test Of The Pixel Chip For The LHC ALICE Silicon Pixel Detector

Upgrade
PARK Jong-han, KWEON Min-jung
INHA University.
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New Evaluation of Gadolinium Neutron Resonance Parameters

KANG Yeong-Rok, LEE Manwoo, RO Tae-IK1, KIM Guinyun2, Y. Danon3, D. Williams3
Research Center, Dongnam Inst. of Radiological & Medical Sciences. 1Dong-A University. 2Kyungpook National
University. 3RPI.
The neutron resonance parameters of Gd isotopes were obtained in the energy range 10 eV to 1keV from SAMMY ReichMoore analysis of high resolution capture measurements performed at Rensselaer Polytechnic Institute using isotopically
enriched Gd samples (155Gd, 156Gd, 157Gd, 158Gd, and 160Gd). The neutron capture measurements were made at the 25-m
flight station with a 16-segment sodium iodide multiplicity detector. We observed 2, 169, 96, and 1 new resonances from
154Gd, 155Gd, 157Gd, and 158Gd isotopes, respectively. Resonances in the ENDF/B-7.1 evaluation that were not observed in the
current experiment and could not be traced to a literature reference were removed. This includes eleven resonances from 156Gd
isotope, one resonance from 157Gd, and one resonance from 158Gd, and six resonances from 160Gd isotope. The resulting
resonance parameters were used to calculate the capture resonance integral in the energy region from 0.5 eV to 20 MeV and
were compared to calculations obtained when using the resonance parameters from ENDF/B-7.1 and the previous RPI results.
The present parameters gave a resonance integral value of 395.1±1.7 barn, which is ~0.8% higher and ~1.7% lower than that
obtained with the ENDF/B-7.0 parameters and with the previous RPI parameters, respectively. The measured distribution of
neutron widths for 155Gd and 157Gd are a better match to a ENDF/B-7.1 than those of porter-Thomas distribution. Neutron
strength functions for Gd isotopes were measured and compares to ENDF/B-7.1 and the Atlas of Neutron Resonances. The
measured radiation width distribution for 155Gd and 157Gd are compares to those of ENDF/B-7.1 and χ2 distributions.
Significant aspects of this analysis are the assignment of radiation widths, the determination of the capture resolution function,
and the propagation of experimental uncertainties into resonance parameter uncertainties.

DF-01(

) Nanostructure and molecular orientation in organic photovoltaics

KIM Hyo Jung
Department of Organic Material Science and Engineering, Pusan National University, Busan 609-735, Korea.

In organic photovoltaics (OPVs) with a mixed donor and acceptor structure, the formation of interpenetrating networks for charge transport is very important to increase the device performance. In
addition, the light absorption of a device is dependent on the molecular orientation due to the alignment
of the polarization of light and the dipole moment of the organic molecule. Therefore, the nanostructure
and molecular orientation have been considered one of the most important factors in OPVs. In this
presentation, we show how to investigate the nanostructure and molecular orientation in organic thin
layers using synchrotron x-rays. First, the results of structural studies about P3HT:PCBM films are
introduced to make reference to a typical system in polymer based OPVs. In small molecular (SM) OPVs,
we show the modified thermal deposition technique to improve nanostructure. We also show the effect of
temperature and substrate surface energy on the formation of nanostructure in SM systems. Finally, the
results about the insertion of a buffer layer are introduced in SM based OPVs.

DF-02(

)

Noble Features of Graphene-Mediated Nano Thin Films

CHUNG Jinwook
Physics Department, Pohang University of Science and Technology (POSTECH).
After such an exciting period of research endeavor on exploring the exotic properties of graphene, a new trend begins to
appear to adopt graphene as a mediating material with other substances to produce more advanced functional materials. In this
talk, some examples of graphene-mediated functional materials in the form of thin composite films will be discussed. We first
describe various noble features of metal-intercalated graphene systems, for example, one finds a clue for the two-dimensional
superconductivity with a relatively high Tc while one also observes distinct splitting of the Dirac bands of graphene due to the
injected spin from intercalated magnetic atoms. We then discuss how the surface state of topological insulators (TIs) such as
Bi2Te3 and (Bi2)1(Bi2Se3)3 can be preserved when TI films are grown on graphene. These graphene-mediated TI films may be
utilized as sources of spin-sensitive nanomaterials for future nano-spin devices in spintronics

DF-03(

) Real-time X-ray Scattering as a Nanostructure Probe for Organic and Inorganic Nano-

materials
JEON Tae-Yeol, LEE Hyun Hwi
Pohang Accelerator Laboratory, POSTECH, Pohang 790-784, Korea.

Synchrotron radiation can provide highly bright hard x-rays which have lower than one angstrom
wavelength. This hard x-ray has been widely used for basic science including materials science and
structural analysis by various scattering methods. Most x-ray scattering measurements have been
performed for as-grown or somewhat treated samples after thermal, chemical or mechanical processing.
However, synchrotron source gives us a non-destructive in-situ or real time tool to investigate materials
nature in an ultrahigh vacuum, high/low temperature, liquid environment, high pressure conditions and so
on. In this talk, modern x-ray scattering methods will be presented with some selected applications
including nano-structured organic/inorganic materials, real time annealing behavior of organic thin films,
and high-pressure experiments. In addition, current status of x-ray scattering beamlines at Pohang Light
Source-II (PLS-II) also will be briefly introduced.

DF-04(

)

X-ray resonant magnetic scattering study of interlayer antiferromagnetic coupling in a
GaMnAs/GaAs multilayer
LEE Dong Ryeol, KIM Dong-Ok, CHO Byeong-Gwan1, LEE Ki Bong1, CHOI Yongseong2, CHUNG Jae-Ho3
Department of Physics, Soongsil University. 1Department of Physics, POSTECH. 2Argonne National Lab.,
USA. 3Department of Physics, Korea University.

We present an x-ray resonant magnetic scattering (XRMS) study of antiferromagnetic coupling between
the magnetic GaMnAs layers across the nonmagnetic GaAs spacer layer in a magnetic/non-magnetic
multilayer. It has been already reported that an intriguing multiple-step behavior in magnetoresistance
measurements during magnetization reversal in this system.[1] In our XRMS measurements we also
observed this multiple-step behavior in XRMS intensities measured at the antiferromagnetic multilayer
peaks. Distinct from the MR measurement, the change in the XRMS intensities were reversed for
opposite field sweeping directions, i.e., a hill-shaped intensity change for one sweeping direction and a
valley-shaped change for the other when compared with the x-ray intensity under no magnetic field. A
quantitative analysis of the XRMS intensities revealed that this behavior is originated from different
sequences in restoring and saturation processes for opposite field sweeping directions. This result shows
clearly an advantage of surface sensitivity in XRMS technique.

DF-05(

)

Multi-scale Computational Screening of Doped Graphene Catalysts for PEM Fuel Cells

HAN Byungchan, KWAK Dohyun, NOH Seunghyo1
DGIST. 1Tokyo Institute of Technology.
Using first principles density functional calculations we screen optimum materials of N-doped graphenes for high functional
electrocatalysts in fuel cell application. More than a thousands of model systems are studied for their thermodynamic stabilities
with varying the doping levels, from which the ground state structures are identified. By calculating thermodynamic free
energy diagrams we evaluiate catalytic mechanism and activity for oxygen reduction reactions of the doped graphenes.
Futhermore we propose novel ways how to improve the properties with metallic supports.

DF-06(

) Computer Simulations of Hydrogen Storage in Porous Materials

,
,
,
)
.
Computer simulation is one of the powerful tools for understanding the hydrogen storage mechanism and designing new
storage materials. As the hydrogen storage materials should be improved with regard to the gravimetric and volumetric
capacities to be practically applicable, fundamental aspects of the materials at the atomistic level have to be understood. In this
respect, computational simulation studies have been giving a lot of valuable informations. In this presentation, computational
modeling of new storage materials and hydrogen atom diffusion in graphite will be presented. Based on the COF-1 structure,
one of covalent organic frameworks (COFs), we inserted pyridine molecules as “pillar” molecules between the organic layers
for the improvement of physisorption ability for the hydrogen molecules. The structures of pillared covalent organic
frameworks (PCOFs) have been modeled using the density functional theory (DFT) calculations with periodic boundary
conditions. With this calculation, we propose new PCOF structures to enhance hydrogen storage capacity. Besides the
physisorption of hydrogen molecules in the porous materials, chemisorption of catalytically dissociated hydrogen atoms has
been also widely investigated. Especially, an approach called “spillover” effect has attracted much interest due to its possibility
to store a considerable amount of hydrogen gas at room temperature. However, how the hydrogen atoms spilled over from the
catalysts surface can diffuse on the reservoir surface such as graphite is not still well known. We examined the diffusion of
hydrogen atoms in few-layered graphenes with AB stacking and stacking faults. Inside the graphene layers with AB stacking,
the diffusion pathways have lower energy barriers than the diffusion on the outermost surface and inplane duffusion is more
favorable than inter-plane jumping. We also found that the stacking faults introduced by sliding layer planes could lower the
energy barrier more. In particular, the inter-plane jumping paths have lower energy barriers with the larger effective
frequencies. Since the stacking faults are bulk defects, our result indicates chemically adsorbed hydrogen atoms can diffuse
over long distance inside few-layered graphenes with stacking faults.
(

DF-07(
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Electronic structure calculations within or beyond Born-Oppenheimer approximation for
energy storage and energy conversion
PARK Noejung, ODKHUU Dorj, SHIN Dong-bin, CHOI Min
Department of Physics, Ulsan National Institute of Science and Technology, Ulsan 689-798, Republic of Korea.
ABSTRACTWe studied electronic and geometric structures of layered configurations of thin oxide or graphene on metal
surface, in the perspective of energy storage and energy conversion. In this talk, we first present the particular electron and
phonon structure of the interface between metal and oxides. Then, we show that the electron tunneling through the thin
insulator over-layer can activate the oxygen reduction process on the exposed insulator surface, which can lead to a tuned
catalytic activity for direct four-electron reduction. We also present the hydrogen adsorptions on metal-graphene complex
layers. We discuss that the metal-carbon interface can simulate a hole-doped diamond layer with a strong electron-phonon
coupling. For these phenomena, atomic motions are delicately interrelated with electron dynamics, and thus the inadequacy of
the Born-Oppenheimer approximation becomes apparent. We present some of our study with the real-time time-dependent
density functional theory to deal with such a correlated motion of electrons and atoms.
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DF-09(

) New Anode Materials for Li Ion Batteries: Ab initio Study

KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
There have been extensive studies to improve Li ion batteries, which would be major components in future sustainable
technology. Especially there is a demand for new anode materials that will be much higher Li capacity than carbon graphitic
materials used currently in Li ion batteries. Here, we report our study on a new carbon nanostructure called schwarzite and
transition metal di-sulfides MS2 (M=Cr, Mo, W). To investigate their Li capacity, Li diffusion property, and volume expansion
behaviors, we use ab initio density functional theory implemented with van der Waals correction. Various Li adsorption sites
on those materials are identified based on the Li binding energy and find that Li atoms can diffuse freely within these materials
due to relatively small diffusion barriers. We also evaluate the energy gain tendency and the volume expansion as well as the
average binding energy while adding Li atoms to estimate the Li-capacity and recyclability of the system, which are important
characteristics for anode materials. Our results imply that new carbon nanofoam structure and CrS2 would be much better as an
anode material than graphite in Li capacity and volume expansion.

DF-10(

)

A Key Player for Designing Novel Energy-Related Materials: Reactive Force Field

Simulation
HAN SANG SOO
Center for Computational Science, Korea Institute of Science and Technology (KIST).
A reactive force field (ReaxFF) was first developed to make practical the molecular dynamics simulation of large scale
reactive chemical systems by van Duin and Goddard in 2001 (J. Phys. Chem. A 2001, 105, 9396-9409). In contrast to classical
molecular dynamics (MD) simulations with empirical force fields (FFs), one can predict chemical reactions including bond
breaking and formation in large scale systems by using the ReaxFF-MD simulation where all of the ReaxFF parameters are
from quantum mechanical (QM) calculations such as density functional theory to provide high accuracy. It means that the
ReaxFF-MD simulation provides accuracy of QM calculations as well as description of large scale systems of atomistic
simulations at the same time. Accordingly, the ReaxFF has been extensively used to simulate various materials including
metals, ceramics, polymers, and other organic materials. Here, I will briefly introduce a theory in the ReaxFF and then discuss
recent results on lithiation in silicon nanowires for Li-ion battery

DF-11*

First-Principle Study on Vibrational and Thermal Property of Graphynes

KIM Cheol-Woon, KANG Seoung-Hun, LEE Hyeonsu, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Using first-principles density functional theory, we study the vibrational and thermal properties of α, β and γ-graphynes, a
class of carbon allotropes of carbon with sp and sp2 hybridization. The equilibrium structure of each graphyne is determined by
minimizing its total energy while changing all inequivalent C-C bond lengths. With the determined equilibrium configuration,
we explore its thermal properties, such as phonon dispersion relation, and vibrational spectrum, and its thermal expansion
behaviors, within the quasi-harmonic approximation. We find that the thermal expansion coefficients of graphynes can be
negative values at low temperatures resulting from the ripple effect usually observed in a two-dimensional layered system, and
eventually become positive values at high temperatures

DF-12*

First-Principles Study of Structural, Electronic, and Defect Properties of Inorganic
Perovskites CsPbX3 (X = Cl, Br, I)
,

,

,

.
Perovskite has attracted much intention recently because of its potential
in solar cell and other optical applications. Several experimental studies
have demonstrated an energy conversion efficiency over 15% by using
organic-inorganic perovskite as a solar cell material. In this work, we
report a comprehensive study of structural and electronic properties for
cubic and orthorhombic inorganic perovskite CsPbX3 (X = Cl, Br, I) and
formation energetics of cation vacancy (VCs and VPb). We performed
first-principle density-functional theory calculations including the van
der Waals correction for describing ionic bonds in perovskite. All of the
CsPbX3 materials have a direct band gap. The valence band maximum
(VBM) is characterized as an antibonding hybrid state of Pb-s and X-p
orbitals, and the conduction band minimum (CBM) is dominantly characterized Pb-p orbitals. We also propose that hole
doping can be induced by a cation vacancy.

DF-13*

Graphdiyne as a high-capacity lithium ion battery anode material

LEE Hoonkyung, JANG Byungryul, KOO Jahyun, PARK Minwoo, LEE Hosik1, NAM Jaewook2, KWON Yongkyung
Konkuk Univ, Sch Phys, Seoul 143701, South Korea. 1Ulsan Natl Inst Sci & Technol UNIST, Sch Mech & Adv Mat Engn,
Ulsan 689798, South Korea. 2Sungkyunkwan Univ, Sch Chem Engn, Suwon 300, South Korea.
Using first principles calculations, we studied utility of α – graphdiyne that has a sp and sp2 carbon network for lithium ion
battery anode. We found that lithium intercalated α-graphdiyne was C6Li7.31. Specific and volumetric capacities of αgraphdiyne were 2719mAhg-1, 2013mAhcm-3 greater than 372 mAhg-1, 818mAhcm-3 for graphite and 1117mAhg-1,
1589mAhg-1 for γ graphyne, repectively. Calculation method was GGA in Perdew – Burke – Ernzerhof scheme and point
sampling 4 X 4 X 2 for multilayer structures was done. GGA – D2 method was also used when Van der waals force interaction

DF-14(

) The quantum and classical world of atomic spins on surfaces

HEINRICH Andreas
IBM Research, Almaden Research Center.
The scanning tunneling microscope has been an extremely successful experimental tool because of its atomic-scale spatial
resolution. In recent years this has been combined with the use of low temperatures, culminating in precise atom manipulation
and spectroscopy with microvolt energy resolution. In this talk apply these techniques to the investigation of the electronic and
magnetic properties of atoms and small clusters on surfaces. A particular focus will be on the emergence of classical behavior
in chains of atoms that are assembled one atom at a time.

DF-15

Reduced Dimensionality Induced Helimagnetism in Fe Nanoislands

PHARK Soo-hyon, NAKAMURA Kohji1, FISCHER Jeison A.,
CORBETTA Marco, SANDER Dirk, KIRSCHNER Juergen
Max-Planck-Institute of Microstructure Physics, Germany. 1Mie
University, Japan.
Low-dimensionality in magnetic materials often leads to non-collinear
magnetic order [1] (NCMO), such as a helical spin order and skyrmions.
These NCMO have received muchattention due to envisioned
applications in spin transport and in future data-storage. The magnetic
order, as described by the Heisenberg model, suggests that competing
exchange interactions can drive non-collinear magnetic ground states
[2]. We report a NCMO in individual nanostructures of a prototypical
magnetic material, bilayer Fe islands on Cu(111). Spin-polarized
scanning tunneling microscopy reveals a magnetic stripe phase with a
period of 1.28 nm, which is identified as a one-dimensional helical spin
order (figure). Ab initio calculations identify competing exchange
interactions due to the reduced dimensionality of bilayer Fe nanoislands
as the driving force for the formation of this NCMO. Our findings point
at the potential of nano-structured magnets as a new experimental arena
of NCMO, in systems of negligible spin-orbit interaction, stabilized by reduced dimensionality. [1] Mühlbauer et al. Science
323, 915 (2009). [2] Kurz et al., Phys. Rev. Lett. 86, 1106 (2001).

DF-16(

) Measurement of the Magnetic Penetration Depth by Magnetic Force Microscopy

KIM Jeehoon, KIM Yonwon, PARK Minju, YANG Jinho, YEOM H. W.
CALDES, IBS and POSTECH, Department of Physics.
Recently, we developed a novel technique to measure the absolute value of the magnetic penetration depth in superconductors
by magnetic force microscopy (MFM). This technique has been applied to unconventional superconductors, such as
borocarbides, pnictides, and YBCO films irradiated by heavy ions to investigate intrinsic superconducting properties as well as
vortex dynamics. We will present instrumentation of our new 4He MFM and its application to superconductors via magnetic
penetration depth.

DF-17(
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Confocal absorption spectral imaging of MoS2: Evolution of optical spectra with the atomic

thickness of MoS2
, DHAKAL Krishna, DUONG Dinh Loc1
IBS Center for Integrated Nanostructure Physics, Institute for Basic Science (IBS);
. 1IBS
Center for Integrated Nanostructure Physics, Institute for Basic Science (IBS), Sungkyunkwan University.
We performed the submicron spatial resolution confocal absorption spectral imaging on mono-, bi- and multi-layer MoS2.
Correlated PL, Raman and AFM measurements were also carried out to confirm the thickness of MoS2 layer. Confocal
absorption spectral mapping images provided the full absorption spectra from micro sized regions of different layer number of
MoS2 to study their systematic evolution with the increasing atomic thickness. Two absorption bands at 1.90 eV and 2.03 eV,
known as A and B excitions, respectively, and a stronger and broader background (BG) absorption band at ~2.8 eV were
observed for monolayer MoS2, and they showed the gradual red-shift with the increasing thickness of MoS2. The BG
absorption peak gradually moved up to ~2.6 eV for bulk MoS2 and A exciton peak of MoS2 showed the larger red-shift of ~
30 meV than B exciton peak, which resulted in the increase of the splitting energy between A and B exciton peaks from 130
meV for mono-layer to 170 meV for bulk MoS2. We explained the absolute and relative position of each observed absorption
band and its dependence on the atomic thickness of MoS2 with exciton transitions and the band-to-band transition at K-position
of 1st Brillouin zone. Our result should help to understand the variation of the optical transition of MoS2 with different atomic
thickness. Systematic change of absorption band position and strength also suggests that these information can be used as a
new measure to verify the layer number of MoS2.

DF-18(

) Dirac Fermions in Graphene Superlattices and in Nanopatterned Two-Dimensional

Electron Gases
PARK CHEOL-HWAN
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University.
Charge carriers in graphene show linear and isotropic energy dispersion relation and chiral behavior, like massless neutrinos
in particle physics. Because of these novel properties, many interesting and unconventional phenomena occur in graphene.
On the other hand, since the 1970's, metallic and semiconducting superlattice structures have been extensively studied
regarding their fundamental electronic and optical properties as well as many applications. In the first part of the talk, I will
present the results of our theoretical studies on the electronic and transport properties of graphene under an external periodic
potential (graphene superlattices) [1-4]. On the other hand, if a lateral periodic potential with triangular (or honeycomb) lattice
symmetry is applied to a conventional two-dimensional electron gas (2DEG), the charge carriers behave like massless Dirac
fermions [5]. A very interesting and useful point of these newly-generated massless Dirac fermions is that, unlike the case of
graphene, their properties can be tuned through the external periodic potential. In the second part of my talk, I will review the
electronic properties of those newly-generated massless Dirac fermions in an artificial 2DEG superlattice system and discuss
how the elecctronic structure of those massless Dirac fermions changes depending on the external periodic potential [6].1. C. H. Park, L. Yang, Y. -W. Son, M. L. Cohen, and S. G. Louie, Nature Phys. 4, 870 (2008).2. C. -H. Park, Y. -W. Son, L. Yang,
M. L. Cohen, and S. G. Louie, Nano Lett. 8, 2920 (2008).3. C. -H. Park, L. Yang, Y. -W. Son, M. L. Cohen, and S. G. Louie,
Phys. Rev. Lett. 101, 126804 (2008).4. C. -H. Park, Y. -W. Son, L. Yang, M. L. Cohen, and S. G. Louie, Phys. Rev. Lett. 103,
046808 (2009).5. C.-H. Park and S. G. Louie, Nano Lett. 9, 1793 (2009).5. C.-H. Park, in preparation.
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) Molecular Graphene: Designing Dirac Fermions by Atom Manipulation

.
The realization of massless Dirac fermions in graphene has led to new opportunities for exploring exotic physics stemming
from relativistic quantum mechanics and quantum field theory. To expand the opportunities even more, the artificial systems
with graphene-like properties have been desired. Exploiting the capability of Scanning tunneling Microscopy (STM) to
manipulate individual atoms, we assembled an artificial graphene-like structure by arranging molecules to create a honeycomb
lattice of electrons drawn from normal 2D surface states, from which the name “molecular graphene” coined [1]. Spectroscopy
reveals a spectacular transformation of nonrelativistic massive 2D electrons into massless Dirac fermions. Tailoring this new
class of graphene reveals signature topological properties, such as the Kekulé bond distortion, electric and magnetic gauge
fields, quantum Hall-like states, and topologically confined edge states. These experiments provide an unprecedented level of
control over Dirac fermions and allow experimental access to a set of phenomena that has previously been considered only
theoretically. <!--[if !supportLists]-->[1] <!--[endif]-->Kenjiro K. Gomes, Warren Mar, Wonhee Ko, Francisco Guinea, and
Hari C. Manoharan, Nature 483, 306 (2012).
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Magnetic ordering on edges of topological insulators

.
We present our recent theoretical study on a possible topological electromagnetic coupling on edges of three dimensional
topological insulators (3D TI). When two topological surface states join continuously on edges of 3D TI, different surface
characteristics of each surface will affect their couplings at the boundary such that induced magnetic induction along the edges
occurs due to built-in surface potential gradients. We explicitly demonstrate that the accumulation of magnetic monopoles with
opposite magnetic charges near the edges is its origin.

DF-21

Electronic Structures of 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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Conductance recovery and spin-polarized currents in B-N binary edge doped graphene

nanoribbons
KIM Yong-Hoon, KIM Seong Sik, KIM Hyo Seok, KIM Han Seul
Graduate School of EEWS, KAIST.
Opening a bandgap by forming graphene nanoribbons (GNRs) and tailoring their properties via doping is a promising direction
to achieve graphene-based advanced electronic devices. Applying a first-principles computational approach combining density
functional theory andnon-equilibrium Green’s function calculations, we herein study the structural, electronic, and charge
transport properties of the B-N-complex edge co-doped GNRs and show that it can achieve novel doping effects that are absent
for the single B or N doping. We find that the B-N edge co-doping almost perfectly recovers the transmission functions of
pristine GNRs. Especially with the zigzag GNRs, it is found to be slightly incomplete and generate spatially and energetically
spin-polarized currents in the absence of magnetic electrodes or external gate fields. This suggests a simple yet effective
scheme of graphene band engineering and realizing graphene-based spintronic devices.
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Universal conductance fluctuation behavior in disordered graphene topological insulators

CHOE Duk-Hyun, CHANG Kee Joo
Department of Physics, KAIST.
The spin-orbit interaction plays an important role in determining the electronic and transport properties of low dimensional
systems. For instance, it was proposed that graphene turns into a topological insulator by enhancing the spin-orbit coupling,
exhibiting a peculiar spin-Hall conductance fluctuation. Despite much interest in graphene topological insulators,
understanding of their conductance fluctuation behavior remains unclear. In this work, we investigate the universal
conductance fluctuation behavior of disordered graphene in the presence of spin-orbit interactions. We consider both the
intrinsic and extrinsic spin-orbit interactions described by Kane-Mele and Rashba Hamiltonians, respectively, and show that
their universal conductance fluctuations are very different from each other. We also discuss the effect of an external magnetic
field on the universal conductance fluctuation.
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First principle study of chemically modified Bismuth and Antimony bilayer

,
,
.
Capability to engineer the electronic band structure of topological insulators allows the design of topological materials with
tailor-made properties. Using first-principles calculations we demonstrate a promising way to realize the Kane-Mele-type
quantum spin-Hall (QSH) phase and the quantum anomalous Hall (QAH) phase in chemically-modified bismuth and antimony
bilayers. We show that single bismuth and antimony bilayers exhibit transitional behavior from the band-inversion QSH phase
or the normal insulator phase to Kane-Mele-type QSH phase upon changing the spin-orbit coupling or decorating the
hexagonal lattice with hydrogen or fluorine atoms. It is also shown that other chemical species with magnetic moments can
realize the QAH phase.
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) Inhomogeneous superconducting phase in the quantum critical compound CeCoIn5

SEO S., LU XX.1, THOMPSON J.D.2, PARK Tuson
Sungkyunkwan University, Suwon 440-746, Korea. 1Sungkyunkwan University, Suwon 440-746, Korea and Zhejiang
University, Hangzhou 310027, China. 2Los Alamos National Laboratory, NM 87544, U>S>A>.
Superconductivity in strongly correlated electron systems is often found in proximity to magnetically ordered states, implying
that magnetism plays an important role in the formation of superconductivity [1]. In most cases, however, intrinsic disorder
associated with electron/hole doping to parent compounds leads to a glassy behavior, puzzling the relationship between
superconductivity and magnetism. The heavy fermion superconductor CeCoIn5 is one of the few examples that are quantum
critical without chemical substitution, therefore offering the opportunity to explore the consequences of a chemical disorder. In
this talk, we discuss Cd-doping effects on the unconventional superconductor CeCoIn5, where a slight amount of Cd impurities
induce magnetism. Applied pressure was expected to reverse the doping effects, which turned out to be otherwise.
Experimental evidences underlie that extended magnetic islands are formed surrounding Cd impurities and the overlapping
among the objects is the source of the long-range ordered antiferromagnetic state. [2] keywords : superconductivity,
magnetism, heavy fermion systems, pressure, disorder [1] T. Park et al., "Isotropic quantum scattering and unconventional
superconductivity", Nature 456, 366 (2008).[2] S. Seo et al., "Disorer in quantum critical superconductors," Nature Physics 10,
120 (2014)* This work was supported by the Creative Research Center and Global Research Network from the National
Research Foundation of Korea through a grant provided by the Korean Ministry of Science, ICT & Future Planning (MSIP).
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) Chiral Electronic Structures in Quasi Two-Dimensional Bi-based Layered Compounds

,
.
Bismuth is the heaviest element among non-radioactive ones in the periodic table. Once Bi provides electronic states in
compounds, they are considered to have large spin-orbit coupling. Using the two-dimensional (2D) Bi layer as a building
block, we have synthesized various layered compounds having different types of Bi lattices with different neighboring layers.
In this talk, I present our recent results on chiral electronic structures realized in the Bi-based layered compounds, providing
interesting platform for studying chiral electrons in the quasi-2D systems.
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A New Emerging 2 dimensional Materials : Bulky 2-dimensional electron gas system based

on Electride
KIM SungWng
Department of Energy Science, Sungkyunkwan University and IBS Centre for Intergrated Nanostructured Physics, Institute for
Basic Science.
Electride, which is regarded as a new electronic material, is ionic crystal in which electrons serve as anions. The physical
properties of electrides are determined by the topology of cavities or channels which confine anionic electrons. Recently, it
was demonstrated that the intralayer space of 2D layered materials can be the confining sites for anionic electrons,
encompassing 2 dimensional electron gas (2DEG). This new 2D electride is fundamentally different from the 2DEG system in
topology and physical properties of 2DEG. In this talk, the layered structured 2D electride, [Ca2N]+(e-) will be introduced and
highlighted with transport properties exhibiting the two dimensionally (2D) confined electron gas. A 2D transport
characteristic of the bulky material is evidenced by a high electron mobility exceeding 500 cm2×V-1s-1 and a large mean
scattering time of 0.6 psec with a macroscopic mean free path of 0.12 mm. Further, the characteristics of 2D electrides will be
compared to those of previous 2DEG systems of oxides and pnictides. Also, several candidates as a new 2DEG system
including chalcogenide and carbide compounds will be discussed.
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Observation of magnon decay and non-linear spin waves in LuMnO3

OH Joosung, LE Manh Duc1, LEE Jung-hyun2, SONG Wan-Young2,
WOO Hyungje3, PERRING Toby3, BUYERS William J L4, YAMANI
Zahra4, PARK Je-Geun
Dept. Physics and Astronomy, Seoul National University. 1Center for
Correlated Electron Systems, Institute for Basic Science. 2Dept.
Physics, SungKyunKwan University. 3ISIS Facility, STFC Rutherford
Appleton Laboratory. 4Chalk River Laboratories, National Research
Council of Canada.
We report the observation of magnon decay in a non-collinear
antiferromagnet, LuMnO3, in line with recent theoretical work.
LuMnO3 has a triangular lattice of Mn3+ ions (S=2), which adopts the
non-collinear 120 degrees order below TN=90K. At points in the
Brillouin zone, the highest energy spin wave mode becomes exceptionally broad (see figure right panel), indicative of two
magnon decay. Other features of the spin wave dispersion (e.g. minimum in the dispersion, left panel) also point to a departure
from linear spin wave theory. The system is complicated by a spin trimerisation due to a giant off-centering of the Mn ions in
the plane, which allows short ranged correlations to persist well above TN. These features have, as yet, no theoretical
treatment, but we present new polarised inelastic scattering data that may shed light on the problem.
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Infrared spectroscopic study on highly insulating three-dimensional topological insulators

LEE Yunsang
Soongsil University, Physics.
The initial theoretical prediction and subsequent experimental realization of the Dirac like surface state (SS) in threedimensional topological insulators (TI) have initiated a new body of research dedicated to the study of this new class of
materials. The unique properties found in TIs are derived from their band structure which is topologically inequivalent to
conventional insulators. However, in order to experimentally observe these exotic properties, it is necessary to obtain TI
samples where the Fermi level is in the bulk band gap, and transport is dominated by SS conduction. The situation is further
complicated by dramatic band bending effects in these small gap semiconductors that lead to the additional formation of
topologically trivial surface states. In this talk, we report on the infrared spectroscopy on high insulating materials Bi1-xSbxTe3ySey

in comparison with previous optical studies, addressing the above-mentioned issues.
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Exotic Ordering Behaviors in a 5d Layered Compound IrTe2

PARK Jae-Hoon
,
.
The strong spin-orbit coupling has become a key issue in the condensed matter physics in the last decade since discovery of its
related emerging phenomena such as multiferroicity, topological insulator, noble Jeff = 1/2 Mott state. Recently, the 5d
transition metal compound IrTe2 system has been reported to exhibit an exotic charge density wave (CDW) behavior.
Furthermore, the system also exhibits superconductivity with suppression of CDW by Pt or Pd doping on the Ir sites.
Differently from the 3d electrons, which show strong localized characters governed by the on-site Coulomb repulsion U, the
5d electrons have been widely considered as band-like itinerant electrons since their on-site U is much reduced and the band
width W largely increases. On the other hand, the relativistic spin-orbit coupling energy, which is small to be treated as a
perturbation term in the 3d transition metal, becomes so large that it can completely disturb the electronic structure in the 5d
system. Here we discuss the exotic ordering behaviours in IrTe2 based on comprehensive studies of the macrsoscopic transport
data, the microscopic synchrotron based spectroscopic and scattering results, and Atomic scale scanning tunnelling microscope
results.
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) Weyl metal: Toward interacting topological states of matter

KIM Ki-Seok, KIM Heon-Jung1, SASAKI M2, JHO Yong-Soo, KIM Kyoung-Min
POSTECH, Department of Physics. 1Daegu Univ. Department of Physics. 2Yamagata Univ. Department of Physics.
Weyl metal is regarded as a platform toward interacting topological states of matter, where its topological structure gives rise
to anomalous transport phenomena, referred to as chiral magnetic effect and “negative” magneto-resistivity, the origin of
which is chiral anomaly. Such anomalous transport phenomena have been verified based on the Boltzmann equation approach,
where the topological structure of Weyl metal is introduced by semi-classical equations of motion. First, we discuss the
anomalous transport phenomena based on the Boltzmann equation approach. Although the Boltzmann equation framework
combined with semi-classical equations of motion explains various topological aspects of Weyl metal, our microscopic
understanding on these phenomena is incomplete in the respect that we do not know how to evaluate such transport
coefficients based on the diagrammatic approach. In particular, an effective field theory has not been proposed yet, which must
incorporate both the Berry curvature and chiral anomaly. Second, we construct an effective action for Weyl metal. We justify
our effective theory, deriving its corresponding Boltzmann equation framework and reproducing the anomalous transport
phenomena. Based on the effective field theory, we re-derive both the chiral magnetic effect and negative magneto-resistivity
in the diagrammatic way, confirming the validity of the field theory. We expect that our theoretical framework takes the first
step toward “topological” Landau Fermi liquid theory, incorporating both electron correlations and topological aspects.
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Search for topological materials via first-principles calculations

YU Jaejun
Department of Physics and Astronomy, Seoul National University.
Recently first-principles calculations have been playing a crucial role in predicting a variety of topological insulators. After
the initial discovery of a two-dimensional topological insulator HgTe, many other three-dimensional insulators have been
reported. In the band structure picture, the band inversion has a clear and general physical picture for most topological
insulators, where the spin-orbit coupling interaction is a key to the determination of the band topology. In this talk, I will
introduce a basic concept of topological insulators and the band structure methods for identifying the topological character. I
will review a class of topological insulators such as chalcopyrite compounds as well as Bi2Se3-type compounds, and further
discuss recent progress in search of new type of topological materials including J=1/2 insulators, Dirac and Weyl semimetals.
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Effect of Ti substitution on the spin-flop transition of Li2MnO3 single crystal with
honeycomb lattice
K Balamurugan, LEE Sang-Hyun, KIM Jun-Sung1, OK Jong-Mok1, JO Youn-Jung2, SONG Young-Mi3, CHOI E. S.4, LE
Manh Duc, PARK Je-Geun5
Center for Correlated Electron Systems, IBS. 1Dept. of Physics, POSTECH. 2Dept. of Physics, Kyungpook National
University. 3National Center for Inter-University Research Facilities. 4National High Magnetic Field Laboratory, Florida
State University. 5Dept. of Physics and Astronomy, Seoul National University.
In recent years, 2D honeycomb lattice systems have become very famous among the condensed matter community, partly due
to the massless Dirac Fermions discovered in graphene. We focus on magnetic interactions in the honeycomb lattice, which
may lead to spin liquid phases according to the Kitaev model. Li2MnO3 is an antiferromagnet (TN = 36.5 K) with a modified
honeycomb lattice network of Mn4+ ions. Recently, we completed studying the magnetic phase diagram of Li2MnO3 single
crystal using high field magnetization measurements (up to 35 T) and mean field calculations based on a Heisenberg
Hamiltonian with single ion anisotropy. Our study revealed two successive first order spin-flop phase transitions around 9 T
fields applied perpendicular to the ab-plane. Further, we studied the magnetic properties of Li2Mn1−xTixO3 (with x = 0, 1/3
and 1/2) single crystals using magnetization measurements up to 14 T. Both the spin-flop fields (HSF) and TN were found to
decrease with increasing Ti content. Remarkably, the spin-flop transition in Li2Mn1/2Ti1/2O3 starts, relatively, at a very low
field (H < 0.03 T). But, the magnetization was found to increase with increasing Ti content. The experimental observations are
compared with the results of a phenomenological mean field calculations performed using McPhase.
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Molecular $j_{\rm eff}$ states in Lacunar spinel chalcogneides
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Atomic spin-orbit coupling manifests itself as a formation of complex orbital basis, in which distinct spin and orbital
components are coupled to each other with nontrivial phase relations. When the atomic spin-orbit coupling prevails in the lowenergy states, the electronic structure should be described in terms of the spin-orbital entangled state, and exotic quantum
phases such as topological insulators or anisotropic spin Hamiltonians emerge. Here we report a series of lacunar spinel
chalcogenide compounds Ga$M_4X_8$ ($M$ = Nb, Mo, Ta, W, $X$ = S, Se, Te) as an ideal platform for such spin-orbital
entangled molecular $j_{\rm eff}$ states. The low-energy electronic structure can be understood in terms of the molecular
states on the tetramerized $M_4$ cluster, which is characterized by the effective total angular momentum $j_{\rm eff}$ = 1/2
and 3/2 induced by strong spin-orbit coupling of the 4d- and 5d-transition metal atoms. By changing the atoms as well as
exerting hydrostatic pressure, one can control a list of physically relevant parameters - bandwidth, electron occupations, and
the magnitude of spin-orbit coupling and on-site correlation - while retaining the $j_{\rm eff}-ness intact. As illustrative
examples, a two-dimensional topological insulating phase and an anisotropic spin Hamiltonian are investigated in the weak
and strong coupling regimes, respectively. Our finding can provide an ideal platform for exploring j eff physics and the
resulting emergent phenomena.

,

1,
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Detection of Dzyaloshinskii-Moriya Interaction and Chiral Domain Wall Dynamics driven
by Spin-Orbit Torque
JE Soong-Geun, KIM Duck-Ho, YOO Sang-Cheol, MIN Byoung-Chul1,
LEE Kyung-Jin2, CHOE Sug-Bong
Department of Physics and Astronomy, Seoul National
University. 1Center for Spintronics Research, Korea Institute of Science
and Technology. 2Department of Materials Science and Engineering,
Korea University.
The spin-orbit torque (SOT) and Dzyaloshinskii-Moriya interaction (DMI) have been newly introduced to explain the
anomalous domain wall (DW) motion along the current flow in perpendicularly magnetized material. Recently, many studies
are conducted to clarify the role of DMI in current-induced domain wall motion (CIDWM). However, the determination of
DMI in these studies has limitations because of the artifacts from SOT and spin-transfer torque. Here we present a simple
method for DMI quantification from the asymmetry in the field-induced domain wall motion (FIDWM) under in-plane
magnetic field. We demonstrate the DW chirality and the strength of DMI-induced field in Pt/Co/Pt films. With this
demonstration of DMI in perpendicularly magnetized materials, the interplay of DMI and SOT in CIDWM and some
anomalies will be discussed.
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Pressure Tunable Giant Rashba Effect in the BiTeI Proven by Shubnikov-de Hass

Oscillations
PARK Joonbum, JIN Kyung-Whan, JO Y. J.1, KANG W.2, CHOI E. S.3, RHYEE J.-S.4, JHI Seung-Hoon, KIM Jun Sung
Department of Physics, Pohang University of Science and Technology, Korea. 1Department of Physics, Kyungpook National
University, Daegu, Korea. 2Department of Physics, Ewha Woman's University, Seoul, Korea. 3National High Magetic Field
Laboratory, Florida State University, Tallahassee, Florida, USA. 4Department of Applied Physics, Kyung Hee University,
Yongin, Korea.
We report the pressure dependent Shubnikov-de Hass oscillations from the bulk Rashba bands of BiTeI single crystals. The
pressure dependence of the Fermi surface cross section and the cyclotron mass of the inner and the outer Fermi surfaces of the
Rashba bands changes systematically upto P~1.6 GPa. This indicates a systematic variation of the electronic band dispersion
with monotonic increase of the Rashba energy(ER) under pressure, consistent with our ab-initio calculations. These findings
demonstrate that the giant Rashba effect in noncentrosymmetric BiTeI can be further enhanced by pressure, reaching ER
~200meV, twice larger than at ambient pressure.
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) Surface polar optical phonon interaction induced many-body effects and hot electron

relaxation in 2D structures
SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University.
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) Spin and orbital caloritronics in a mesoscopic quantum dot system

, LOPEZ Rosa1, SANCHEZ David1
. 1IFISC.
Since the discovery of the spin Seebeck effect in ferromagnetic materials, the spin current generation using thermal gradients is
attracting much research interests. In this talk, first I explain a local heating driven spin current generator. The device is based
on a molecule embedded in a spin-orbit interferometer and it is shown that the device works even in the absence of voltage and
temperature gradient applied to the electronic terminals. In the second part of the talk, a two-terminal strongly interacting
quantum dot with two orbitals is analyzed and it is found that the orbital thermopower acts as an excellent tool to describe the
transition between SU(4) and SU(2) Kondo physics. Finally, charge and heat responses to oscillatory voltage and temperature
shifts in mesoscopic capacitors is discussed. Employing the Kubo formula, it is proven that there is a heat relaxation resistance
quantum.
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) Peierls distortion and chemical potential tuning in n-type Indium-Selenides

,
.
Recently, we proposed that the Peierls distortion is one of the routes for high thermoelectric performance because it gives rise
to the lowering of thermal conductivity and high Seebeck coefficient due to phonon softening with lattice distortion and quasione-dimensional electronic transport, respectively. As a representative for Peierls distortion, the In4Se3-x bulk crystals
exhibited high ZT value (1.48 at 705 K) for n-type thermoelectric materials. From the Boltzmann transport calculation, the
power factor S2σ of the compound is not optimized yet. We attempted cationic substitution at the In-site, Te-doping in Se-site,
and Chlorine doping in Se-site. The power factor and ZT value are increased further as a ZT = 1.53 at 425 oC for Cl-doped
bulk crystals. From the investigations on the chemical potential tuning, we propose that the thermoelectric performance can be
increased further as a multiple co-doping in Indium Selenide bulk crystals and ingots.
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Calibration of thermo-mechanical motion in doubly-clamped beam resonator using in-situ
optical and capacitive sensing
CHO Sungwan, KIM Sang goon, CHO Sung Un1, SHIM Seung Bo
Korea Research Institute of Standards and Science. 1Seoul National
University.
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Cell-to-cell Heterogeneity In EGFR Signaling Revealed By Single-Cell Single-Molecule

Analysis
RYU Ji Young, KIM jihye1, BAE jiseob1, LEE Wonhee1, YOON Tae-young
KAIST, Physics Department. 1KAIST, graduate school of nanoscience and technology.

Recent advances in single molecule imaging technique, such as single molecule CoIP and SimPull(Singlemolecule
pull down) assays, have allowed us to probe interactions between weakly binding proteins in cell lysates. Taking
one step further, single molecule techniques are applied to spatially localized bait proteins from single cells in
Microfluidic device. Our approach gives cell to cell variation information which was previously averaged out
during lysis process. Even in the same cell line, protein expression and activity levels are different. This technique
would provide a detailed picture of proteinprotein interactions within a cell line.
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Destabilization Of I-motif Structure By High Li+ Concentration

KIM Sung Eun, LEE Il-Buem, HYEON Changbong1, HONG Seok-Cheol
Korea University, Department of Physics. 1Korea Institute for Advanced Study, School of Computational Sciences.
At the end of human chromosomes, a special DNA sequence is frequently found and thought to play important roles in
protecting their termini from nucleases. The cytosine-rich sequence was known to form a folded quadruplex structure named imotif. It has been shown that the i-motif structure can be formed in acidic conditions and further stabilized by the presence of
monovalent cation. In order to examine the nano-scale conformational transition of the cytosine-rich sequence and the effect of
the aforementioned chemical factors on the transition at the molecular level, we utilized the single-molecule FRET technique.
Based on the well-resolved FRET efficiency values, we clearly distinguished the folded i-motif structure from unfolded
extended forms and were able to construct the population of the two states under various chemical conditions such as pH
ranging from 6.0 to 6.4 and three different cations (Li+, Na+, and K+) ranging from ~ 30 mM to 500 mM. We also checked the
length dependence of cytosine repeats.We found that the i-motif structure is more easily formed in lower pH conditions.
Surprisingly, Li+ appears to destabilize the i-motif structure, which is in sharp contrast with other physiological monovalent
cations. We discuss a possible physico-chemical principle behind the phenomena.In summary, we gain insight into the
formation of the i-motif structure and demonstrate that single-molecule FRET technique is a versatile tool to investigate nanoscale conformational transition occurring to non-canonical DNA structures.This work is supported by
NRF2012R1A1A2021736
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Elasticity driven single stranded gap creation mechanism by exonuclease III

,
.
DNA damage occurs as many as 1 million individual molecular lesions per cell per day. One of the most frequently occurring
DNA lesions is base damage. The damaged bases are quickly processed into AP (apurinic/apyrimidinic) sites, resulting in
missing tooth” in DNA. AP endonuclease catalyzes them for the Base excision repair (BER) process. Exonuclease III (exoIII)
in E.coli functions as not only an AP endonuclease but also a 3’→5’ exonuclease. We used single molecule FRET to examine
how the multifunctional enzyme plays a physiological role during the BER process. When the substrate is a blunt-ended DNA,
the enzyme works as a distributive exonuclease, performing multiple binding and dissociation events during the cleavage
reaction. However, in the presence of an AP site, exoIII cuts the AP site as an AP endonuclease and then acts as a processive
exonuclease, as anchoring to the AP site and digesting a series of nucleotides without dissociation from the substrate. This
finding reveals an elasticity-based gap creation mechanism in which exoIII becomes a processive enzyme due to the strong
affinity onto the AP site so that it creates a single stranded gap of DNA during the BER process. We hypothesize that the size
of gap may rely on the physiological salt concentration.
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Single-molecule Studies on Oligomeric State of Werner Syndrome Protein

LEE Jinwoo, HYUN Kwang-Beom1, KIM Jaehoon1, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University. 1Department of Biological Sciences, KAIST.
Werner syndrome protein (WRN), whose mutation causes an autosomal recessive disease characterized by premature aging
and predisposition to cancer, is a member of the RecQ helicase family that is highly conserved from bacteria to human. WRN
has several different function in molecular levels for various type of DNA, for example, unwinding of duplex DNA and Gquadruplex, DNA annealing, fork regression of stalled replication fork, etc. Various biochemical and single-molecule studies
revealed that function and mechanism of WRN. How many WRN monomer acts cooperatively to various substrates is,
however, still remains unclear. Previous results using electron microscope (EM) revealed that WRN binds to DNA Holliday
junction as a tetramer form. However, actual oligomeric state for functional form of WRN was not studied because activities
and number of WRN monomer could not be obtained simultaneously by EM. Here, we report oligomeric state of WRN by
single-molecule fluorescence technique. The number of WRN monomer could be obtained by simple counting of bleaching
step of GFP tagged WRN, and activity of WRN was observed simultaneously by single-molecule FRET.
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Single-Molecule Study on Gene Regulation Mechanism of Human Argonaute 2

JO Myung Hyun, SHIN Soochul1, JUNG Seung-Ryoung, KIM Eunji2, SONG Ji-Joon2, HOHNG Sungchul
Seoul National University, Department of Physics and Astronomy. 1Seoul National University, Department of Biophysics and
Chemical Biology. 2KAIST, Department of Biological Sciences.
How to control the expression of gene, whose information is encoded as DNA, is a current big question of biology. Gene
expression is regulated at various levels by RNA induced silencing complex (RISC), and it is known that RISC recognize its
target RNAs based on the sequence of guide RNA which is loaded in RISC. Intensive studies on listing those target and guide
pairs have been done, but traditional biological approaches were limited to figure out the complex kinetic mechanism of RISC.
By using single-molecule immobilization and fluorescence imaging techniques, we observed detailed kinetics of human
Argonaute 2 (hAgo2) RISC in real-time and measured kinetic parameters. In addition to observe cleavage activity for gene
silencing, unexpected ultra-stable binding mode of RISC, which is assumed to be related to miRNA’s gene regulation
pathway, was observed. Kinetic parameters and populations of the pathways were measured with various sequences or
mismatched substrates, and it offered the insight into the role of each RNA guide domain in RISC’s gene regulation activity.
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Effects of RNA Polymerase Concentration Variation on the Downstream Protein
Expression Noise in Living Cells
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Cell-to-cell variation resulting from noise in gene expression is a general phenomenon in cells, which often determines cell’s
variability, adaptation, and fate. Transcription, a process of generating mRNA, is the key stage of noise generation in cells.
However, how the noise, or variation, in the copy number of RNA polymerase (RNAP) itself propagates to the downstream
gene expression noise has remained unknown. Here we investigated this problem by monitoring how the noise in the
expressions of two fluorescent protein reporter genes driven by the same T7 RNAP promoters, CFP and mCherry, vary with
the concentration of T7 RNAP, which is reported by YFP fluorescence. We found that the intrinsic noise, variations between
the CFP and mCherry expression levels within the same cell, was independent of T7 RNAP noise, but the extrinsic noise,
variations of CFP or mCherry expression levels between different cells, scaled linearly to T7 RNAP noise. Specifically, the
propagation of RNAP noise to the downstream protein noise was inversely proportional to the RNAP concentration, which
suggests that the propagation of the RNAP noise is determined by the unoccupied fraction of the promoter by RNAP. Our
result also indicates that the transcriptional noise is the dominating source of the extrinsic noise of high-copy proteins in
bacteria.
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NSF Disassembles the SNARE Complex in One-Round of ATP Hydrolysis

RYU Je-Kyung, MIN Duyoung, RAH Sang-Hyun, PARK Yongsoo1, KIM Soojin2, KIM Homin2, JAHN Reinhard1, YOON
Tae-Young
KAIST, Dept. of Physics. 1Max-Planck-Institute for Biophysical Chemistry, Dept. of Neurobiology. 2KAIST, Graduate School
of Medical Science and Engineering.
The SNARE complex vital in membrane fusion is disassembled by the proteins NSF and α-SNAP, and then the dissociated
SNARE proteins are recycled. However, it is uncertain in what molecular mechanism the NSF/α-SNAP dismantles the stable
SNARE complex. Here we show that NSF disassembles SNARE complex in one burst step exploiting only one-round of ATP
hydrolysis. Using the single-molecule fluorescence assay, the disassembly of SNARE complexes were observed even by the
hydrolysis of ATP pre-bound to the NSF, without additional ATP molecules in the solution. Furthermore, we found that the αSNAP destabilized selectively the C-terminal part of the SNARE complex near the membrane, not only to connect NSF with
SNARE complex as an adaptor protein. We further probed, using the magnetic-tweezers technique, the structural changes in
the SNARE complex with sub-nm accuracy and confirmed the abrupt disassembly by NSF within ~20 ms. Our results implies
that the NSF should be very high efficient ATPase so that only one-round hydrolysis is enough for the SNARE-complex
disassembly, assisted by the preliminary destabilization by α-SNAP.

DG-08*

The behaviors of spherical colloidal particles of weak anchoring energy in homogeneous
nematic colloidal system
KIM Sung-Jo, KIM Jong-Hyun
Department of physics, Chungnam National University.
We have investigated the behaviors of spherical colloidal particles of
weak homeotropic anchoring energy in homogeneous nematic colloidal
system. To understand the behaviors, we used the method of image
charge. The interactions of particle-wall and inter-particle have been
represented as the electric dipole-dipole or quadrupole-quadrupole
interactions. The concept of effective radius is introduced to avoid the
weak anchoring boundary condition of the colloidal particles for the
method of image charge. Effective radius indicates the effect of
anchoring energy. The effective radius is smaller than mechanical
radius. The reduction of radius, ζ, is in the range of 0.52 to 0.78. We
calculated the surface anchoring energy of particle using ζ and it is in the
range of 8×10-6 ~ 1.4×10-6 J/m2. We reconfirm that the anchoring
energy is the important factor explaining the behavior of the nematic
colloidal system.

DG-09

AT content as a determinant of the chromosome structure

KIM Hajin
,
.
The chromosome spends most of its lifetime in the interphase in whichit is only loosely condensed and hence viewed as a
dynamic polymer.Its structure and dynamics globally affect the gene expression but it isonly recent that its average structure
was presented through the Hi-Ctechnique by showing the intra- and inter-chromosomal contact map ofthe whole DNA. We
recently discovered that the Hi-C contact maphighly and universally correlates with the local AT content. From
allatommolecular dynamics simulations,we hypothesized that the polycationdrivencondensation of the DNAexplains such
global behavior. Weproved the hypothesis by designing asimple in vitro system for the singlemolecule measurement of DNAto-DNAinteraction.

DG-10

Biological modeling of pancreatic islets

JO Junghyo
APCTP; POSTECH, Physics.
Glucose is a primary fuel in life. Maintenance of the normal glucose level is controlled by the islets of Langerhans in pancreas.
The micro-organ consists of mainly three cell types: alpha and beta cells secrete glucagon and insulin, respectively, which are
reciprocal hormones for increasing and decreasing blood glucose levels; the the role of third population, somatostatin-secreting
delta cells, is still mysterious. The three cell types generate pulses of hormones, and they interact to each other through the
hormones. We introduce a biological modeling of the three-component homeostasis system, and suggest a possible role of the
delta cells for controlling glucose levels.
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Single-molecule Dynamics with Sub-millisecond Resolution and Tens of Millisecond
Observation time by Liposome Tethering
1
,
,
. 1
,
&
.
Single-molecule fluorescence resonance energy transfer (smFRET) has been one of the most powerful techniques to study the
dynamics of biomolecules in an unsynchronized condition. However, smFRET has a limitation in its temporal resolution for
observing the real-time dynamics in a single-molecule. Here we applied liposome tethering method on diffusion-based
smFRET, ALEX-FRET, for observing the real-time FRET dynamics in sub-millisecond resolution without a surfaceimmobilization. By tethering FRET molecules to 100 nm-sized liposomes, the diffusion of single-molecule was increased from
~1 ms to ~20 ms and the observation time was extended up to 100 ms. Using this method, we measured the transition rates
between two conformers of Holliday junction up to 1500 s-1 (0.75 ms dwell time). The fast diffusion of dimeric SSB from
Deinococcus radiodurans on single-stranded DNA was clearly distinguished in FRET time-traces at room temperature, which
is nearly 10 times faster than the tetrameric E. coli SSB. These results clearly demonstrate that our approach is a powerful
method to study the conformational dynamics and movements of biomolecules in millisecond time scales.

,

DG-13

STORM for live cells: super-resolution fluorescence microscopy via single-molecule

localization
UNIST,
.
Super-resolution fluorescence microscopy has overcome the diffraction limit of optical microscopes over an order of
magnitude. One major group of such methods utilizes photoswitching probes for separating fluorophores in time, thereby
localizing single molecules at high precision. This group was first introduced by the names of STORM (stochastic optical
reconstruction microscopy) and PALM (photoactivated localization microscopy). STORM/PALM has demonstrated up to 10nm resolution as well as multicolor and 3D capabilities using standard optical microscopes. Here, I will present STORM
imaging methods for living cells. Proteins in live cells were imaged with photoswitchable cyanine dyes whose brightness and
fast switching enabled 3D resolutions of 30-50 nm within 1-2 seconds. Membranes in live cells were stained with smallmolecule probes that allowed us to resolve previously obscured details on dynamics of the plasma membrane, the endoplasmic
recticulum (ER) and mitochondria. The live-cell STORM methods open new windows for visualizing nanometer-scale
dynamics in vivo.

DG-14

Systems Biology of Human Gut Microbiota

KIM Pan-Jun
Asia Pacific Center for Theoretical Physics.
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 construct a global interaction network of microbial
species from microbiome samples of the human gut. Analysis of
network dynamics across different phenotypes can reveal novel insight
into the relationship between microbiota and host health.

DG-15

Photo-luminescent Hybrid Mesoporous Silica: A Competent and Tunable Tool for
Theranostic Application
GANDHI Sakthivel, KWON Bong-Joon, WOO Hyun-Joo1, SHIN Dong-Soo2, JANG Kiwan1
,
. 1
,
. 2
,
.
Highly aligned organic-inorganic mesoporous materials are well known for their functionalities and thereby their chemical
tunability. Synthesis of these hybrids along with the incorporation of the photo-luminescent material like superparamagnetic
crystal that contains rare-earth metal (RE3+) as dopant, offer the desired efficiency along with the biocompatibility. Primarily,
the mesoporous silica was synthesized by co-operative self-assemble technique using P-123 & TEOS as structure directing
agent and silica source, respectively. The as-synthesized material was dispersed in water and Gd & Eu sources were introduced
in it, to make Eu3+ doped Gd2O3 inside the pores of mesoporous silica. As Gd is well known for its longitudinal relaxation
property under MRI system, Gd2O3 was chosen. It was also doped with Eu3+ to track the material in the body using its
luminescence property. The folic acid was also linked with the material to target the folic acid receptors which is overexpressed in the cancerous cells. The results showed an excellent T1 contrast property, when it is compared with commercial
Gd-contrast agents. This may be due to the presence of special properties in our hybrid theranostic tool such as the high
surface area, ordered porous system and the microporosity present in the walls of mesoporous silica. These assure that this
hybrid tool can be the next generation of theranostic tool to treat cancer in the initial stage itself.

DG-16*

Electrical Conductivity and Local Structure Controlled by Oxygen Vacancy Level in

BaSnO3-

G LEE Woong-Jhae, KIM Hyung Joon, KIM Tai Hoon, SEO
SOHN Egon,
Dongmin1, CHOI E. J.1, KIM Kee Hoon
Seoul National University, Department of Physics and
Astronomy. 1University of Seoul, Department of Physics.
Other than the widely known transparent oxide materials, In2O3, ZnO
and SnO2, our group reported the physical properties of perovskite
structured barium stannate single crystals, BaSnO3, (Ba,La)SnO3 [1] and
Ba(Sn,Sb)O3 [2]. Especially, (Ba,La)SnO3 has exhibited high mobility,
320 cm2V-1s-1, while maintaining its transparency. Also, there were
efforts to grow (Ba,La)SnO3 film with high mobility, but due to the
lattice mismatch between (Ba,La)SnO3 and the substrate, the mobility
remained low, 70 cm2V-1s-1 [3]. Thus, undoped BaSnO3 comes in fore
as a lattice-matched substrate. However, previous data show that
undoped BaSnO3 has a carrier concentration of ~1018cm-3 which its
origin is oxygen vacancy. Herein, we present that we successfully
reduced oxygen vacancy in undoped BaSnO3 crystals by adding an
oxidizer. The reduction of oxygen vacancy led to a metal-insulator
transition where the resistivity changed drastically from ~10-3 :cm to
~1011 :cm at room temperature. By optical spectroscopy ranging from
mid-IR to UV, we observed that crystals grown with an oxidizer have
significantly lowered Drude carrier absorption. Moreover, through
Raman spectroscopy, we noticed that the oxygen vacant BaSnO3
crystals show first-order Raman scattering which means that it is locally distorted even though the x-ray diffraction patterns
show a cubic perovskite structure. This reflects the presence of carrier in BaSnO3 single crystal is closely related to local
structure distortion. In all, we present that a truly cubic and insulating BaSnO3 single crystal was synthesized.
[1] H. J. Kim et al., Appl. Phys. Express 5, 061102 (2012).
[2] H. J. Kim et al., Phys. Rev. B 88, 125204 (2013).
[3] H. Mun et al., Appl. Phys. Lett. 102, 252105 (2013).
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Growth and Structural Properties of BiInO3-PbTiO3 Thin Films Deposited by Pulsed
Laser Deposition
JIN Hye-Jin, OH Seol Hee, JO William
Department of Physics, Ewha Womans University.
Morphotropic phase boundary (MPB) system as a new piezoelectric material attracts interests because of its high dielectric and
piezoelectric performances. Two equivalent energy states are coupled at the MPB and it makes enhanced polarizability.[1]
BiInO3-PbTiO3(BI-PT) is a MPB system which can possess large dielectric constant and high transition temperature. But
manufacturing stable BI-PT system is still on the issue. We used pulsed laser deposition(PLD) and deposited thin films on Pt
(111)Ti/SiO2/Si and MgO(100). BI-PT thin films were grown as multilayers by depositing each materials BI and PT
sequentially. We optimized deposition conditions for each materials BI and PT separately. With two optimized conditions, BIPT thin films were grown on the substrates. Using x-ray diffraction, phase formation and texture of the BI-PT thin films were
investigated. We measured component ratios of each films with energy dispersive spectroscopy(EDS). And relation between
lattice parameters and component ratios are discussed. [1] R. E. Eitel et al., Jpn. J. Appl. Phys., Part 1 40, 5999 (2001)
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Structural, optical, and magnetic properties of PbVO3 thin films epitaxially grown on

LaAlO3 and SrTiO3 substrates
JO William, OH Seol Hee, JIN Hye-Jin, SHIN Hae-Young, SHIN Ran Hee, YOON Seokhyun, SEO Yu-Seong1, AHN JaiSeok1
Department of Physics, Ewha Womans University. 1Department of Physics, Pusan National University.
PbVO3 (PVO) with a tetragonal structure which is similar to ferroelectric PbTiO3 is an intriguing polar magnetic material with
antiferromagnetism and pyroelectricity [1]. Its large distorted structure would be linked to enhanced ferroelectric polarization
which is estimated to ~152 μC/cm2 [2]. It is notable that the tetragonally distorted PVO with c/a = 1.23 has VO5 squarepyramidal structure which is a distinct with the normal VO6 octahedral structure. In this study, we succeed to synthesize stable
single phase PVO thin films on LaAlO3 and SrTiO3 substrates from a chemically stable Pb2V2O7 pyrochlore target through
pulsed laser deposition. Only under an optimized condition with no oxygen, epitaxial growth of the PVO thin films is
achieved. The phase formation and texture of the films were investigated by x-ray diffraction and Raman spectroscopy. In
addition, surface morphology and in-plane magnetic domain structure were demonstrated by magnetic force microscopy. [1]
A. A. Belik et al. Chem. Mater. 17 269 (2005), [2] Y. Uratani et al. Jpn. J. Appl. Phys. 44 7130 (2005)

DG-19

Crossing the thermal lubricity and electronic effects in Nanotribology: vanadium dioxide
under metal–insulator transition
KIM Jong Hung, FU Deyi1, KWON Sangku, LIU Kai1, WU Junqiao1, PARK Jeong Young
Center for Nanomaterials and Chemical Reactions, Institute for Basic Science (IBS) ; Graduate School of EEWS, Korea
Advanced Institute of Science and Technology (KAIST). 1Department of Materials Science and Engineering, University of
California, Berkeley,USA.
Nano-mechanical and electrical properties of vanadium dioxide (VO2) thin films across thermal-driven phase transition are
investigated with ultra-high vacuum atomic force microscopy (UHV-AFM). VO2 thin films with preferential orientations of
(100) and (120) in the monoclinic phase were deposited on a silicon wafer using pulsed laser deposition. Variable temperature
UHV-AFM revealed that the phase transition at ~ 70 °C leads obvious changes in both friction and conductivity at the nano
scale. From the friction and current images, we found that the friction decreased with temperature on the insulating domains,
and increased with temperature on the metallic domains. We attribute this observation to the combined effect of the thermal
lubricity and electronic contribution in mediating dissipation of friction energy.

DG-20

Observation of Andreev Reflection (AR) Signal using an Atomic Filament in a Resistive
Switching (RS) System
HWANG Inrok, LEE Keundong1, JIN Hyunwoo, PARK Bae Ho1, LEE
Suyoun
KIST (Korea Institute of Science and Technology). 1Konkuk University.
Andreev reflection (AR), where an incident electron in the metal side is
retro-reflected as a hole at the N/S interface. The imbalance between the
up-spins and down-spins at the Fermi level, i.e. spin polarization (P),
can be probed by measuring the conductance of the N/S interface. We
suggest a much simpler method for AR measurement, where a clean
point contact between SC and N is formed by a metallic filament selfaligned during electrical breakdown. This method has been verified
using a breakdown junction between Nb and NiOx, where the P of Ni is
probed to be about 40% consistent with the known value. This method
can also be applied to investigate the properties of a superconductor.

DG-21

Tunneling Electroresistance by Interfacial Phase Transitions in Ultrathin Oxide
Heterostructures
CHOI Woo Seok
Department of Physics, Sungkyunkwan University, Suwon, Gyeonggi-do 440-746, Korea.
The ferroelectric (FE) control of electronic transport is one of the emerging technologies in oxide heterostructures. The
conventional wisdom on electroresistance in ultrathin FE tunnel junctions (FTJs) exploits solely the differences in the
electrostatic potential across the FTJs that are induced by changes in the FE polarization direction. Here, we show that in
practice the junction current ratios between the two polarization states can be abnormally larger than suggested by those simple
argumentations. To understand these surprising results, an additional control parameter is employed which is related to the
crossing of electronic and magnetic phase boundaries of the correlated electron oxide. The FE-induced phase modulation at the
heterointerface ultimately results in a colossal electroresistance. We used both experimental and theoretical approaches to
investigate the underlying mechanism of electroresistance in PbZr0.2Ti0.8O3/La1-xSrxMnO3 oxide heterostructures. A
comparative study of out-of-plane and in-plane transport properties on heterostructures with different LSMO hole-doping
levels clearly attested to the relevance of the phase modulation described above.

DG-22

The Electronic Structure of Sodium Dihydrogen Phosphate (NaH2PO4) Crystal: More

Insight into the Hydrogen Bond Interaction
LEE Kwang-Sei, LEE Cheol Eui1
Department of Nano Science & Engineering, Center for Nano
Manufacturing, Inje University, Gimhae. 1Department of Physics and
Institute for Nano Science, Korea University, Seoul.
The electronic structure of sodium dihydrogen phosphate (NaH2PO4)
crystal has been studied by means of core level x-ray photoelectron
spectroscopy (XPS). Wide set of experimental results on binding energy
of photoelectrons emitted from Na 1s, Na 2s, Na 2p, P 2s, P 2p, and O
1s core levels has been observed. The assignment of peaks in the
photoemission spectra were made on the basis of structure which have
two crystallographically non-equivalent sodium [Na(1) and Na(2)],
phosphorous [P(1) and P(2)] and four independent proton environments
[H(1), H(2), H(3) and H(4)] involved in O-H---O hydrogen bonds,
resulting in more insight into the hydrogen bond interaction.
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Investigation of New Lead-Free BiFeO3-BaTiO3 piezoelectric ceramics
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Recently, a BiFeO3-BaTiO3 (BF-BT) solid solution bulk ceramic
system was presented as a potential lead-free piezoelectric ceramic
system. Due to the morphotropic phase boundary in which the
rhombohedral (BiFeO3) and tetragonal (BaTiO3) phases coexist
together, excellent piezoelectric properties in BF–BT system can be
expected. In this study, (1-x)BiFeO3-xBaTiO3 (x=0.20 to 0.50) bulk
ceramic system was prepared via a typical solid-state reaction process.
The ferroelectric, leakage current, and piezoelectric properties as functions of composition were investigated. Quenched
ceramic at x=0.33 showed optimal piezoelectric properties of small field d33 = 229 pC/N and high field d33* = 280 pm/V.
Detailed structural and electrical properties of BF–BT ceramic is presented in concern with piezoelectric application.

DG-24*

The Mn doping effect of the lead-free (K0.5Na0.5)(MnxNb1-x)O3 ferroelectric thin films
fabricated by chemical solution deposition
,

,
EHSRC,
680-749.
Lead oxide-based piezoelectric materials such as Pb(Zr,Ti)O3 films are
widely used for various actuators, sensors and transducers in the microelectro-mechanical systems (MEMS) due to their excellent ferroelectric
and piezoelectric properties. However, in recent years, lead-free
piezoelectric films have received increasing attention for environmental
protection. K0.5Na0.5NbO3 (KNN) is a promising candidate, as it has a
good ferroelectric and piezoelectric properties as well as
biocompatibility. But the main hindrance of KNN thin films fabrication
is the loss of stoichiometry because Na and K are very sensitive to
humidity and easy to volatilize during the thermal process. In this study,
we have deposited (K0.5Na0.5)(MnxNb1-x)O3 (KNMN) thin films having submicron meter thickness on Pt
(111)/TiO2/SiO2/Si(100) substrates by the chemical solution deposition method. The behaviors of Mn substitution on
dielectric, ferroelectric and leakage current properties of KNMN-x thin films was investigated by measuring on the surface
morphology, crystal structure, electrical, ferroelectric properties and ultraviolet photoelectron spectroscopy (UPS). The
KNMN-0.0050 thin film exhibited a low leakage current density of 106 A/cm2 at high electric field of 100 kV/cm. As a result,
well-saturated ferroelectric P-E hysteresis loop with a large remanent polarization of ~19.2 μC/cm2 was obtained in the 0.5
mol% Mn-doped KNMN-x film.

DG-25*
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Preparation of K-dependent Piezoelectric (KxNa1-x)NbO3 Thin Films by Chemical

Solution Deposition
KIM Ill Won, WON Sung Sik, AHN Chang Won, KIM Seung-Hyun1
University of Ulsan, Department of Physics and EHSRC. 1Brown
University, School of Engineering.
The development of lead-free ferroelectric and piezoelectric materials
has been required from the viewpoint of environmental preservation.
Piezoelectric materials, especially in the form of thin films, offer a
number of advantages in microelectromechanical systems (MEMS), due
to the large motion that can be generated, often with low hysteresis, the
high available energy densities, as well as the high sensitivity with wide
dynamic ranges and low power requirements. It is thus worth
considering the impetus for integrating thin films into MEMS devices.
Recently, (K,Na)NbO3 (KNN) has been considered as one of the key
lead-free ferroelectric and piezoelectric materials. However, KNN thin
films with K and Na ratio studies are not reported in detail. So, we focused the lead-free (KxNa1-x)NbO3 (KNN-100x;
x=0,0.3,0.5,0.7,1.0) system and their precursor solutions were prepared by a sol-gel process. The K dependent KNN-100x
films were fabricated on Pt/Ti/SiO2/Si substrate by spin-coating process. The effects of ferroelectric and piezoelectric
properties were investigated by measuring on the surface morphology, crystal structure, P-E hysteresis loop, strain and currentvoltage characteristics.

DG-26*

Frequency-dependent P-E hysteresis loops of BiFeO3 film grown on different electrodes

SHIN Yeong Jae, JEON Byung Chul, YANG Sang Mo, YOON Jong-Gul1, LEE Seung Ran, NOH Tea Won
Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science (IBS), Department of Physics and
Astronomy, Seoul National University,Seoul 151-747, Korea. 1Department of Physics, University of Suwon, Gyunggi-do 445743, Republic of Korea.
Frequency (f) dependent P-E hysteresis loops of BiFeO3 (BFO) films are investigated. Interstingly, BFO films exhibits the
significant differences in the domain dynamics by employing the different bottom electrodes (BEs) of SrRuO3 (SRO) and
La0.66Sr0.33MnO3 (LSMO). The coercive field (Ec) of BFO/LSMO is proportional to fβ and the exponent has two values with
respect to the different f ranges. On the other hand, β of BFO/SRO does not vary in the same f ranges, which is much smaller
than those of BFO/LSMO. The nulceation fields of BFO/LSMO are lower than those of BFO/SRO, indicating it has the lower
nucleation energy. Such distinctive behavior is also found in the modified piezoresponse force microscopy (PFM). The PFM
images show that the domain velocity of BFO/SRO is much faster than that of BFO/LSMO, which is roughly estimated by the
Kolmogorov-Avrami-Ishibashi (KAI) model. To understand the distinctive switching characteristics of the BFO films grown
on the different BEs, we employed three distinguishable regions with respect to the applied field: the nucleation, the creep, and
the flow regions, which was introduced in the previous study [Yang et al., PRB 82, 174125 (2010).]. With the proposed
schematics, we will clearly explain our findings on the ferroelectric domain dynamics. Eventually, our experimental results
will give a significant insight to the future device applications of the ferroelectric thin films.
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Development of femtosecond x-ray pump-probe instrumentation using a laser-plasma x-ray

source
IQBAL Mazhar, IJAZ M., SON JoonGon, SEO Okkyun, AN Kangwoo, STIEL H.1, JANULEWICZ K. A., NOH Do Young
Department of Physics and Photon Science, Gwangju Institute of Science and Technology, 1 Oryong-dong, Buk-gu, Gwangju,
500-712 Rep. of Korea. 1Max Born Institute, Max-Born Str. 2A, 12489 Berlin, Germany.
A compact, table top, short pulse hard X-ray (Kα) source generating by irradiation of a thin metal foil with an ultra-short
pulse kHz Ti:saphire laser system has become a popular and convenient tool for time-resolved spectroscopy and diffraction. Its
clear advantage is femtosecond pulse duration and small overall dimensions. A pump Laser beam from Ti-sapphire laser
system is focused by an off axis parabolic mirror to a spot size of smaller than 10 µm providing a peak intensity of 1017
W/cm2. This is sufficient to generate Cu Kα line about 8 keV. The estimated photon flux is equal to 5.9 × 1010 ph/s emitted in
4π steradian. The performance enhancement is achieved by employing large aperture thin film mosaic of highly annealed
pyrolytic graphite (HAPG) spectrometer whose energy resolution (E/ΔE) is comparable with that of a device including a Ge
(111) single crystal. The separated Cu Kα1 and Kα2 lines were observed with energy resolution (E/ΔE ~ 1800). Moreover the
setup is augmented with optical delay line for pump-probe experiments and preliminary results are obtained for Ni foil
irradiation. The effect of pump laser of fluence 1 mJ on the sample is studied for the change in transmission of x-rays. The
sudden drop in transmission at the temporally overlap point of pump and probe pulse is attributed to the change in the
distribution of electrons in the valence band but physics is still to be understood.
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Possible Fermi loevel tuning and Shubnikov-de Haas oscillation in Bi2-xCuxSe3 single

crystals.
RHYEE Jong Soo, LEE Min Ho
Department of Applied Physics, Kyung Hee University.
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Thermoelectric Properties of Se-deficient and Pb-/Sn-codoped In4Pb0.01Sn0.03Se3-x
Polycrystalline Compounds.
KIM Jin-Hee, RHYEE Jong-Soo, KIM Min Jae, OH Sue kyung
Department of Applied Physics, Kyung Hee University.
We investigated the thermoelectric properties of Se-deficient and Pb-/Sn-codoped polycrystalline compounds of
In4Pb0.01Sn0.03Se3-x (x=0.1, 0.2, 0.3, 0.4, and 0.5). The X-ray diffraction measurement shows a gradational change of lattice
parameters without any impurity phases indicating systemic change of Se-deficiency. The Se-deficient compounds exhibit gaplike behavior below 600 K from the electrical resistivity and Seebeck coefficient measurements. When we increase the Sedeficiency, the electrical resistivity decreases, which is due to the increase of Hall mobility compared to the polycrystalline
pristine compound In4Se3. The thermal conductivity of In4Pb0.01Sn0.03Se2.9 compound, annealed at 753K for 5days, shows
low value of thermal conductivity (0.55 Wm-1K-1 at 723 K). The maximum thermoelectric figure-of-merit ZT reaches at
about 723 K for In4Pb0.02Sn0.03Se2.9 compound, which is relatively high value for polycrystalline materials.
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Thermoelectric Properties of Single Crystalline Mg3Sb2 grown by Bridgman method
,
.

, J. Kajino1, T. TAKABATAKE1
University, Advanced Sciences of Matter.

1Hiroshima

Single crystal of Mg3-xMnxSb2 (x = 0, 0.3, 0.4) are grown by Bridgman method. X-ray diffraction peaks of Mg3Sb2
compounds are aligned to c-axis direction. Thermoelectric properties of these compounds are executed by electrical resistivity,
Seebeck coefficient, thermal conductivity and Hall coefficients between 5 K and 500 K. Electrical resistivity values as a
function of temperature decrease as the Mn ratio is increased. The slop of electrical resistivity changes from semiconductor to
metallic as the Mn content is doped. By the Hall measurement, it is confirmed to change charge carrier from p-type (hole) to ntype (electron) for Mn doped Mg3Sb2. This result is consistent with Seebeck results. The obtained Seebeck coefficient and
electrical resistivity values at 500 K are 700 uV/K and 2.30 Ohm cm for x = 0. As x is increased to x = 0.3 and 0.4, the
Seebeck coefficient value slightly decreases and the electrical resistivity value strongly decreases which may be the increase
of carrier concentration and mobility. And the thermal conductivity displays 1/T behaviour at high temperature due to
umklapp process of phonon-phonon scattering which is common in crystalline materials. The thermal conductivity shows
almost equivalent behaviour regardless of x. As a result, we obtain the dimensionless figure of merit, ZT = 0.11 at 500 K for x
= 0.4, which is one order of magnitude higher than Mg3Sb2
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Effect of thermal annealing on physical properties of bulk and thin films
1

,
. 1
,
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Physical properties of the deposited films and/or bulk are highly influenced by the deposition conditions such as growth
ambient, working pressure, deposition power, and growth temperature. In addition, to improve the crystalline quality of thin
films the widely known effective technique of thermal annealing can be implemented. However, residual stress always exists
unavoidably in the thin films due to lattice mismatch between the film and substrate as well as thermal mismatch induced by
difference in the thermal expansion coefficients of the film and substrate. X-ray diffraction is often used to measure stress of
film because strain can be calculated directly by Bragg’s equation. In addition, it is also a nondestructive measurement method.
In this work, the effects of the thermal annealing in bulk and thin films were investigated by studying the structural, electrical,
magnetic, and optical properties.
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Metamagnetic Transitions Induced by Formation of Magnetic Clusters in Single Crystal

Eu2CoMnO6
2,
, SEO M.S.1, PARK S.Y1,
1
. Division of Materials Science, Korea Basic Science Institute, Daejeon. 2
.
Double perovskite single crystals of Eu2CoMnO6 were first synthesized using flux method and their magnetic properties were
investigated. Magnetic field dependence of magnetization reveals a metamagnetic transition in as-grown crystals. Controlling
valences of magnetic ions in different gas annealing conditions leads to the complete change of shapes and locations of
metamagnetic transitions in the isothermal magnetization. This remarkable variation originates from the formation of magnetic
clusters with different valences of magnetic ions.

,
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Anisotropic magneto-thermal transport in the S=1/2 frustrated spin ladder BiCu2PO6

JEON Byung-Gu, KOTESWARARAO B., SHU G. J.1, CHOU F. C.1,
KIM Kee Hoon
CeNSCMR, Dept. of Physics and Astronomy, Seoul National University,
Republic of Korea. 1Center for Condensed Matter Sciences, National
Taiwan University, Taiwan.
Studies on the quasi low-dimensional antiferromagnetic spin systems are
stimulated for understanding exotic ground states emerged in these
materials. Recently, S=1/2 frustrated two-leg ladder arrangements are
realized in BiCu2PO6 [1]. The zig-zag chains formed by the Cu atoms
are along the b-axis of the crystal, and these chains are coupled each
other along the c-axis to form a quasi-2D layers with frustrated two-leg ladder structure in the bc-plane. Here, we report the
thermal conductivity (k) of the BiCu2PO6 single crystals. In this material, an enhanced heat transport along the leg direction (baxis) is observed above 10 K. This is in good accordance with the previous observation of dispersive, anisotropic magnetic
excitation along the reciprocal b-axis [2], which suggests the presence of anisotropic magnetic heat transport along the leg
direction. The suppression of the k(T) and its magnetic field dependence are also observed around 15 K which probably leads
to the clear double-peak feature in the k(T) at about 6 K and 60 K. Based on the Debye model, this can be interpreted by the
resonant scattering between phonon and magnetic energy levels which affects the phonon heat transport. [1] B. Koteswararao
et al., Phys. Rev. B 76, 052402 (2007).[2] K. W. Plumb et al., Phys. Rev. B 88, 024402 (2013).
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Application of dynamical vertex approximation to cuprates

LEE Choong-KI, HAN Mancheon, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University. Center for
Computational Studies of Advanced Electronic Material Properties,
Yonsei University.
The spatial correlation in strongly correlated system plays a crucial role
in a various phenomena such as magnons and quantum criticality. Using
dynamical vertex approximation(D$\Gamma$A), we can investigate the
strongly correlated electronic states beyond the local correlation effects
which are usually considered in dynamical mean field theory(DMFT).
With band parameters obtained from first-principles calculations, we
apply this methodology to investigate electronic states of cuprates. We
compute local vertex functions and local Green’s functions, the basic
ingredients of D$\Gamma$A, within the framework of DMFT using
exact diagonalization impurity problem solver. This work is supported by the NRF of Korea (Grant No.2011-0018306).
Computational resources have been provided by KISTI Supercomputing Center (Project No. KSC-2013-C3-062)
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Temperature Dependence of Thermoelectric Properties in V2O5 Films

KANG Manil, LEE Jaeran, KIM Sok Won, RYU Ji-Wook1
University of Ulsan. 1Kongju National University.
Vanadium pentoxide (V2O5) exhibits highly anisotropic electrical and
optical properties due to its orthorhombic structure and these properties
have been extensively investigated by many researchers. On the other
hand, the thermophysical properties including thermal conductivity (κ),
thermopower (or Seebeck coefficient), and dynamic heat capacity have
received less attention. One of the most important parameters for
characterizing the thermophysical properties of materials is the Seebeck
coefficient (S). The variation of S with temperature is very important for
thermoelectric applications. In the present study, we investigate the
thermophysical properties of crystalline V2O5 films prepared using an rf
sputtering system. The electrical and thermoelectrical properties as well as the thermal transport of the films are characterized
by measurements of the Hall and Seebeck coefficients at temperatures ranging from 25 to 500 °C.
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Electric Field Driven Dynamic Percolation in Electronically Phase Separated Manganite

Thin Films
JEEN Hyoungjeen, BISWAS Amlan1
Department of Physics, Pusan National University. 1Department of Physics, University of Florida, USA.
Competing ferromagnetic metallic (FMM) and insulating phases in the manganite (La1-yPry)1-xCaxMnO3 lead to a phase
separated state in which micrometer scale FMM regions behave in a fluid-like manner over a narrow temperature range. Here
we present that an electric field can realign the fluid-like FMM phases embedded in an insulating matrix, resulting in
anisotropic in-plane resistance in microstructures of (La0.4Pr0.6)0.67Ca0.33MnO3 thin films. Time and voltage dependent
resistance and magnetization measurements show that the dynamic percolation of the FMM regions leads to an insulator to
metal transition due to electric-field induced realignment of the FMM regions, which is analogous to the dielectrophoresis of
metallic particles suspended in fluid media. In-plane strain anisotropy plays an important role in determining the speed of
dynamic percolation of the FMM regions by modifying the local electric fields in the phase separated state.
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Strong Ferromagnetic-dielectric Coupling in Multiferroic Lu2CoMnO6 Single Crystals

CHOI Young Jai, LEE Nara, CHOI Hwan Young, JO Younjung1, SEO
Min Su2, PARK Seung-Young2
Yonsei University. 1Kyungpook National University. 2KBSI.

We have first grown single crystals of multiferroic doubleperovskite Lu2CoMnO6 and studied the directional
dependence of their magnetic and dielectric properties. The
ferromagnetic order emerges below TC≈48 K along the
crystallographic c axis. Dielectric anomaly arises along the b
axis at TC. Through the strongly coupled ferromagnetic and
dielectric states, the highly non-linear variation of both
dielectric constant and magnetization was achieved in
application of magnetic fields.
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Kondo Screening near the Mott Transition - the Signatures of Nozieres’ Exhaustion

LEE, Hyun-Jung, PARK, Kwon
KIAS, School of Physics.
Wilson’s numerical renormalization-group method is used to study the paramagnetic ground state of the doped Hubbard
model within the dynamical mean-field approach. In the metallic regime, where the band-filling is reduced from one by few
percent, we find characteristic signatures of Nozieres’ exhaustion scenario, including a strongly reduced lattice Kondo scale
and a significant suppression of the density of states slightly below the Fermi level. The fact that similar features are also
observed in the low-energy scale of the periodic Anderson model slightly away from half-filling, where a (pseudo) gap opens
beside the Kondo resonance peak due to hybridization between c and f electrons, suggests that exhaustion physics is the
generic situation for correlated metals.
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Continuous-time impurity solver implementation for DMFT

HAN Mancheon, LEE Choong-Ki1, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University, Center for
Computational Studies of Advanced Electronic Material Properties,
Yonsei University. 1Center for Computational Studies of Advanced
Electronic Material Properties, Yonsei University.
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Extended X-ray Absorption Fine Structure Study of MgB2 Films with Different Thickness

Crystalline SiC Buffer Layers
KANG Byeongwon, PUTRI Witha Berlian Kesuma, KANG W. N.1, MIYANAGA T.2, YANG D. S.3
. 1
. 2Hirosaki University, Department of Physics. 3
.
Extended X-ray absorption fine structure (EXAFS) spectroscopy is a powerful method to investigate the local structure of thin
films. Here, we have studied EXAFS of MgB2 films grown on SiC buffer layers. Crystalline SiC buffer layers with different
thickness of 70, 100, and 130 nm were deposited on the Al2O3 (0001) substrates by using a pulsed laser deposition method,
and then MgB2 films were grown on the SiC buffer layer by using a hybrid physical-chemical vapor deposition technique.
Transition temperature of MgB2 film decreased with increasing thickness of SiC buffer layer. However, the Tc dropping went
no farther than 100 nm-thick-SiC. This uncommon behavior of transition temperature is likely to be created from electronphonon interaction in MgB2 films which is believed to be related to the ordering of MgB2 atomic bonds, especially in the
ordering of Mg–Mg bonds. Analysis from Mg K-edge EXAFS measurements showed interesting ordering behavior of MgB2
films. It is noticeable that the ordering of Mg–B bonds is found to decrease monotonically with the increase in SiC thickness of
the MgB2 films, while the opposite happens with the ordering in Mg–Mg bonds. Based on these results, crystalline SiC buffer
layers in MgB2 films seemingly have evident effects on the alteration of the local structure of the MgB2 film.
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Current status of superconducting qubit

CHONG Yonuk, HA Dong-Gwang
Korea Research Institute of Standards and Science.
We will present an overview of the current status of our superconducting qubit research that we have been pursuing in KRISS.
As an introduction, a brief, quick overview of the current topics in the field of superconducting qubit research will be given,
from a quantum circuit engineers's point of view.
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Hall conductivity in the normal and topological superconducting phases of the Rashba

systems
, ROY Rahul1
IBS CCES
,
. 1Department of Physics and Astronomy, UCLA.
The study of the intrinsic Hall conductivity in superconductors is attracting considerable theoretical and experimental efforts
in recent years. In this paper we focus on the effect of Cooper pairing on a metallic system with non-zero intrinsic Hall
conductivity - the Rashba metal with under the perpendicular Zeeman field. We find that there is a qualitatively larger change
in the intrinsic Hall conductivity when there is interband pairing, with the change in magnitude linear in the pairing gap. Since
the topologically non-trivial phase is unlikely to allow for significant interband pairing, our work leads to an interesting
prediction : that the observation or lack thereof of the linear dependence of the intrinsic Hall conductivity on the pairing gap
could be used to determine if the Rashba superconductor is topologically trivial or not. Our results are consistent with other
investigations of interband pairing in the context of the proposed chiral p-wave superconducting state of Sr2RuO4.
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Quality factor measurement of superconducting microwave resonators at single-photon
level and mK temperature
HA Dong-Gwang, PARK Gwan Yeol, KIM Seon Hoo, CHOI Jiman, PARK Jung Hwan, SONG Woon, LEE Soon Gul1, IM
Hyunsik2, KIM Hyungsang2, CHONG Yonuk
Korea Research Institute of Standards and Science. 1Korea University. 2Dongguk University.
We present our measurement results of the quality factor of superconducting microwave resonators. The measurement was
performed in the dilution refrigerator below 10 mK. The power dependence of the quality factor was measured down to the
single-photon level. We report results on two different types of resonators, a half-wavelength coplanar waveguide resonator
made of superconducting niobium thin film and a rectangular box resonator made of machined superconducting aluminum
alloy. The results are well understood within the two level fluctuator model. These high-quality microwave resonators are key
components in realizing superconducting qubit.
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Superconductivity at 3.4 K in the misfit layered compound (SnSe)1.2(TiSe2)2

,
,
.
Polycrystalline sample of the structural misfit compound (SnSe)1.2
(TiSe2)2 is successfully synthesized by solid state reaction method. The
compound consists of an alternating stacking of TiSe2 layers and SnSe
slabs, which could be viewed as a natural superlattice. (SnSe)1.2(TiSe2)
2 derives from a parent compound, TiSe2, which shows a charge-density
wave transition and no superconductivity. It is a superconductor with a
Tc of 3.4K via the measurement of the temperature dependent electrical
transport and magnetic measurements. The estimated anisotropic
resistivity, γ_ρ=ρc /ρab, was ~ 2.6 at Tconset. The upper critical field
exhibits small value Hc2(0)=2.9T at Tconset ,which is estimated by using
the WHH formula. And, all the shapes of the field depedence of
magnetization indicate a typical type II-superconductor behavior.
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First-principles supercell calculations for accurate defect transition levels in silicon

nanowires
KIM Sunghyun, PARK Ji-Sang1, CHANG K.J.
Korea Advanced Institute of Science and Technology, Dept. Physics. 1National Renewable Energy laboratory.
Semiconductor nanowires have attracted much attention because of their unique electronic properties and building blocks of
nanoscale devices. Periodic boundary conditions are commonly used to calculate the formation energy of defects within
density functional theory. For charged defects, the formation energy converges slowly with respect to the supercell size due to
the long-range Coulomb interaction between the defect and its images. Several correction schemes have been proposed to
remove the long-range Coulomb interaction in bulk and slab systems. However, difficulties remain in removing the spurious
electrostatic interaction in complex systems. Very recently, we have proposed a finite-size supercell correction scheme for
charged defects in one-dimensional systems subject to periodic boundary conditions. We implement our scheme in density
functional calculations to study the transition levels of B and P impurities and a dangling-bond defect in Si nanowires. Without
finite-size corrections, large supercells are required to achieve satisfactory convergence for the transition levels. On the other
hand, the corrected transition levels converge very rapidly with the supercell size, demonstrating the successful application of
our scheme to charged defects in one-dimensional systems.
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First-Principles Calculations of the Electronic and Optical Properties of GaAsxSb1-x

PARK Jejune, KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.

It is very important to understand the electronic structure of GaAs and GaSb for fabrication of electronic and
optoelectronic devices. Recently, tenary compounds, GaAsxSb1-x began to attract much attention from researchers
because they were synthesized and expected to be new materials for optoeletronic devices. For x = 1 and x = 0,
there have been a lot of computational studies to investigate their structural, electronic and optical properties, but
few studies for general cases. Moreover, it has been known that “regular” density functional calculations does not
describe the correct electronic structures including underestimated band gap and incorrect band splitting. To
resolve such issues, we consider spin-orbit coupling effects and GW corrections on GaAsxSb1-x with the
composition of x = 0, 0.25, 0.5, 0.75, and 1. To calculate their band structures, we make use of maximally localized
Wannier functions to interpolate GW quasiparticle band structures. Based on our GW calculations, we discuss the
trend of band gaps at various high symmetric points in the Brillouin zone with the composition x and compare with
the experimental data obtained by ellipsometry. We further discuss their optical properties based on the calculated
absorption spectra
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First-principles Calculations of the Phonon Transport in Carbon Atomic Chains Based on
Atomistic Green’s Function Formalism
KIM Hu Sung, KIM Yong-Hoon
Korea Advanced Institute for Science and Technology, Graduate School of EEWS.
In this work, we first report on the development of a non-equilibrium Green’s function theory-based computational tool for
atomistic thermal transport calculations of nanojunctions. Using the developed tool, we investigated phonon dispersion and
transmission properties of polyethylene and polyene structures as well as the cumulene and polyyne. The resulting phonon
dispersion from polyethylene and polyene showed agreement with previous results. Compared to the cumulene, the gap was
found near the Gamma point of the phonon dispersion of polyyne as the prediction of Peierls distortion, and this feature was
reflected in the phonon transmission of polyyne. We also investigated the range of interatomic force interactions with increase
in the size of the simulation system to check the convergence criteria. Compared to polyethylene and polyene, polyyne and
cumulene showed spatially long-ranged force interactions. This is reflected on the differences in phonon transport caused by
the delicate differences in electronic structure.
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The electronic properties of oxygen interstitial defects in amorphous In-Ga-Zn-O

semiconductors
HAN WooHyun, OH YoungJun, CHANG KeeJoo
Department of Physics, Korea Advanced Institute of Science and Technology.
Amorphous indium-gallium-zinc oxide (a-IGZO) semiconductors have attracted much attention because they are used as an
active channel material in transparent thin film transistors (TFTs). Despite higher field-effect mobility as compared to
amorphous Si TFTs, oxide TFTs suffer from a high density of charge traps which cause device instability, especially under
negative bias illumination stress (NBIS) and positive bias stress (PBS). Recently, it was proposed that O-vacancy defects are
responsible for the NBIS instability. Although the NBIS instability was shown to be suppressed by annealing under high
pressure O2 ambient, it was also reported that excess oxygen treatments increase the PBS instability.
In this work, we investigate the electronic properties of interstitial oxygen (Oi) defects in a-IGZO through first-principles
density functional calculations. The atomic configuration of Oi strongly depends on its charge state. In neutral state, Oi forms
an O-O dimer bond with the host O atom, whereas the O–O bond is easily broken in the -2 charge state. We examine the defect
levels of Oi in various charge states and discuss the role of Oi in the PBS instability observed under excess oxygen treatments.
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Critical effect of universal “extended metallic contact” on charge injection properties in
metal-organic interfaces: A model study
KIM Han Seul, KIM Yong-Hoon
Graduate School of EEWS, Korea Advanced Institute for Science and Technology.
Understanding the structural and electronic properties of interfaces between metal and organic semiconductor ( -conjugated
molecules) has been an important research topic for decades with critical implications for the organic device applications such
as organic light emitting diodes, organic photovoltaics, and organic thin film transistors. Even though there have been several
important progresses, not only the fundamental understanding but also the implication on device characteristics of the
interface-related-phenonmna still remains unclear. In this work, we apply a density-functional theory-based non-equilibrium
Green’s function approach to study the energy level distributions and charge injection characteristics of ideal models consist of
various pentacene derivatives adsorbed on metal electrodes with different work functions. By systematically analyzing energy
level alignment and broadening in varioius molecule-metal interfaces, we observe the formation of extended metallic state
(cause by significant hybridizations between molecular orbitals and metal Shockley surface states) and find its generality. It is
also found that the metal-monolayer molecule complex with such extended metallic states indeed acts as “extended
pseudometal”, by observing the energy level alignment and charge injection capacity of extended pseudometal-additional
adsorbate interface. Our findings provide the formal background in recent experimental understanding on the extended
metallic states of molecular adsorbates[1][2], and suggest a new design rule for improved organic device applications.
References
[1] Glowatzki, H. et al., Nano Lett. 8, 3826 (2008).
[2] Heimel, G. et al., Nature Chem. 5, 187 (2013).
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Exotic Geometrical and Electronic Properties in Hydrogenated GraphyneTailoring the
Electronic Band Gap of Graphyne
KOO Jahun, HWANG Ho Jun, HUANG Bing1, LEE Hyunpyo, 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, Colorado 80401, United States. 2School of Mechanical and Advanced
Materials Engineering, Ulsan National Institute of Science and Technology (UNIST), Ulsan.
We present electronic properties of functionalized graphyne, a 2D sp-sp2 hybrid carbon network, by hydrogenation and
halogenation. Hydrogen atoms adsorbed onto sp-bonded carbon can form both sp2 and sp3 hybridized bonds and can exist in
three different geometries: in-plane, out-of-plane, and oblique-plane. The band gap can be tunable by ~3 eV as the geometry
changes and ~5 eV as the hydrogen concentration varies. Unlike hydrogenated graphene, in which H atoms show a tendency to
cluster, H atoms are dispersed on graphyne, making band-gap tuning feasible.We also discuss the band gap tuning of graphyne
by halogenation.
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Effect of the Coulomb correlation and strain on the orbital andcharge orderings in
LaTiO$_3$/SrTiO$_3$ superlattice
LEE Alex Taekyung, HAN Myung Joon
KAIST, Department of physics.
LaTiO$_3$/SrTiO$_3$ heterostructure has attracted much attention recently, because of the unexpected twodimensionalelectron gas and superconductivity at the interface.We study the effect of the Coulomb $U$, strain, and
thickness of the STO layers on the orbital, spin, and charge orderings of the LTO/STO through first-principles calculations.Our
calculations show that the orbital ordering, $t_{2g}$ occupation,and the metallicity of the LTO/STO superlattice strongly
depend on $U$.We also show that the checker board type charge ordering and$d_{xy}$-AFM phase is stabilized by applying
$\sim$2.8\% of tensile strain.In this case, the LTO/STO becomes insulating and there is no chargetransfer from the LTO to
STO region.
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Dipolar polarization and piezoelectricity of a hexagonal boron nitride sheet decorated with
hydrogen and fluorine
, NOOR-A-ALAM Mohammad,
,
.
Having been noncentrosymmetric, hexagonal boron nitride (h-BN) monolayer, in contrast to graphene, is a piezoelectric.
However, it shows neither in-plane nor out-of-plane dipole moment due to its complete flatness and three fold symmetry on
the plane. Here, we show that the controlled adsorption of hydrogen and/or fluorine atoms on both sides of a pristine h-BN
sheet distorts the flatness and introduces both in-plane and out-of-plane dipole moment (only in chair form– while boat form
has no out-of-plane dipole due to its atoms’ position in the unit cell). Consequently, the chair form of surface-modified h-BN
shows both in-plane and out-of-plane piezoelectric responses; while pristine h-BN has only in-plane piezoelectric response.
These in-plane and out-of-plane piezoelectric responses of the modified h-BN are comparable to those in known threedimensional piezoelectric materials. Such an engineered piezoelectric two-dimensional boron nitride monolayer can be a
candidate material for various nano-electromechanical applications.
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The electronic properties of MoS2 supported on SiO2 substrate

SUNG Ha Jun, CHOE Duk-Hyun, CHANG Kee Joo
KAIST.
Recently, MoS2, one of transition-metal dichalcogenides, has attracted much attention because of its unique electronic
properties and possible applications to nanoscale devices. The indirect gap of bulk MoS2 changes to a direct gap of visible light
range in the monolayer limit. In monolayer MoS2, combination of inversion symmetry breaking and strong spin-orbit coupling
leads to a spin-valley coupling at the K point in the Brillouin zone, whereas the valley polarization is absent in bilayer MoS2
due to the recovery of inversion symmetry. In this work, we investigate the effect of SiO2 substrate on the electronic structure
of MoS2 through first-principles density functional calculations. We consider both monolayer and bilayer MoS2 supported on
SiO2 [0001] surfaces. We find that the electronic structure of MoS2 is affected by the type of surface polarity, Si- or O-polar
surface. We also find that surface dangling bonds significantly modify the emerging valley polarization of bilayer MoS2.
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Tunable Band Gap Of MoS2 Monolayer Through Strain Or Functionalization

,
.
Using first-principles calculations, we investigated electronic properties of MoS2 monolayer by strain as well as adsorption by
hydrogen and halogen atoms. We found that the band gaps are tuned from 0.54 to 1.58 eV through the strain and to 0 eV
through the functionalization. We also found that the band gaps can transfer from direct to indirect or vice versa by the strain.
Our results show the possibility of modifying electronic properties of MoS2 monolayer for electronic device applications.
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A Finite-Size Supercell Correction Scheme for Charged Defects in 2-Dimensional System

KIM Young-Sung, NOH Ji-Young1, KIM Hanchul1
Korea Research Institute of Standards and Science. 1Sookmyung
Women's University.
First-principles calculations for a defect in a crystalline solid usually use
a periodic supercell. For charged defects, there is a spurious electrostatic
interaction between image charges in the supercells. It is especially
serious in 2-dimensional systems, since the vacuum out of the slab
weakly screens the Coulomb interaction between charges in the
supercells. Thus, the total energy strongly depends on the supercell
sizes. In order to get the total energy of an isolated charged defect, this finite-size supercell effect has to be eliminated. Several
correction schemes have been proposed [1,2], but they work only for homogeneous dielectric systems, such as atoms or
molecules in vacuum and defects embedded in homogeneous bulk. We suggest a general correction scheme that can be applied
to inhomogeneous dielectric systems. As a demonstration, the correction scheme is applied to charged defects and dopants in
single-layer MoS2. It is found that the corrected formation energies of the defects are in a good agreement with the
extrapolated values, improving the supercell size convergence rate. The formation energies in various charge states of the
isolated defects and the transition levels are obtained, and the stability and doping-ability of defects in single-layer MoS2 are
discussed.
[1] G. Makov and M. C. Payne, Phys. Rev. B 51. 4014 (1995)
[2] C. Freysoldt, J. Neugebauer, and C. G. Van de Walle, Phys. Rev. Lett. 102, 106403 (2009).
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Atomic Structure of the Au/Si(111)-5x2 Surface: Density-fuctional Calculations

KANG Myung Ho, KWON Se Gab
,
.
We study by using density-functional theory calculations the atomic structure of the Au/Si(111)-5x2 surface, which is a longstanding problem in surface science. The structural model proposed by Erwin et. al. [1] in 2009 has been considered the best
one so far. However, one critical problem with this model is that it is basically a 5x1 structural model and so has difficulty in
explaining the measured 5x2 scanning tunneling microscopy images when Si adatoms are absent. In the present work, we
propose a new structural model with the distinct 5x2 periodicity. The validity of the new model will be discussed based on the
energetics calculations and the electronic-structure analyses in comparison with the previously-reported STM images (the
empty-state V-shaped and the filled-state Y-shaped features) [1] and angle-resolved photoemission spectra [2]. [
] [1]
S. C. Erwin, I. Barke, and F. J. Himpsel, Phys. Rev. B 80, 155409 (2009). [2] W. H. Choi, P. G. Kang, K. D. Ryang, and H. W.
Yeom, Phys. Rev. Letts. 100, 126801 (2008).
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Itinerant Magnetic Order Driven by Resonant Surface State in Sn/Si(111)

LEE Jun-Ho, KIM Sun-Woo, CHO Jun-Hyung
Hanyang University, Department of Physics and Research Institute for
Natural Sciences.
The insulating ground state of a frustrated triangular lattice formed by
the adsorption of Sn atoms on the Si(111) surface is investigated by a
hybrid density-functional theory (DFT) calculation. We find that the
surface state originating from the dangling-bond electrons of Sn atoms is
strongly hybridized with Si substrate states, leading to the formation of a
resonant state. This strong resonance between the Sn 5pz orbitals and the
Si 3pz orbitals gives rise to an itinerant magnetic order with a much
reduced Sn magnetic moment of ~ 0.25μB, contrasting with the previous
localized picture of Mott-Hubbard mechanism. We show that the
correction of the self-interaction error inherent in previous local or
semilocal DFT calculations plays a crucial role in describing the recently
proposed antiferromagnetic ground state. The results illustrate that the insulating phase in Sn/Si(111) can be represented as a
Slater insulator via itinerant magnetism.
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Structural Phase Transition in Nanowire Controlled by Electron Doping and Electric Field
,

,
.
Using a hybrid density-functional theory calculation including van der
Waals interactions, we investigatethe effects of electron doping and
external electric field on the structural phase transition of In nanowires
formed on Si(111). We find that the relative energy stability of the hightemperature metallic 4x1 and low- temperature insulating 8x2 phases is
reversed as the amount of electron doping increases. Furthermore, we
find that, when an electric field is applied along the outward (inward)
normal to the surface, the stability of the 8x2 phase relative to the 4x1
phase increases (decreases) as a consequence of the different
electrostatic energy contributions arising from surface dipoles. The
results illustrate the efficient control of the structural phase transition in
the In/Si(111) system via electron doping and electric field.
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Comparative Study of Pyridine and Pyrimidine Adsorption on Si(5 5 12)

KIM Gyu-Hyeong, JEONG Sukmin
Chonbuk National University, Department of Physics and Research Institute of Physics and Chemistry.
Understanding of the initial stage of molecular growth on the Si surface provides helpful informations to both of the
academical research and practical application of the molecular device. Si(5 5 12) is a unique Si surface templet to study the
initial stage of the molecular growth because it consists of variety reaction sites such as the dimer, tetramer, adatom, and
honeycomb. Pyridine and pyrimidine molecules are well known basic molecules of the benzene ring-like structure with one
and two N atoms respectively. By using the theoretical calculation, we find that the adsorption structures of the pyridine and
pyrimidine molecules are different on the Si(5512) surface due to the distinct symmetry and the different resonance energy of
the molecules. The most stable structure of pyrimidine molecule shows the parallel configuration onto the Si(5 5 12) surface,
while the pyridine molecule shows vertical configuration in the previous study, even though they similarly react to the Si(5 5
12) surface via the N-Si dative bond. Calculated adsorption energy differences (E_pyri - E_pyrimi) of the vertical and parallel
configurations are about 0.14 ~ 0.23 eV and -0.16 ~ -0.20 eV respectively, which originate from the distinct symmetry of the
adsorption structure and the different resonance energy between the pyridine and pyrimidine molecules, respectively. We
expect that the symmetry- and resonance energy-dependent adsorption will give intuitive information on the initial stage of the
molecular growth on the Si surface.
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Fermi velocity renormalization in graphene

HWANG Choongyu, SIEGEL David1, LANZARA Alessandra1
Pusan National University, Department of Physics. 1University of
California, Berkeley, Department of Physics.
Electron-electron interaction bears important information on
fundamental electronic properties such as electron effect mass,
conductivity, and charge mobility. By using angle-resolved
photoemission spectroscopy, we study unusual electron self-energy in
graphene induced by the electron-electron interactions. The observed
electron self-energy is clearly distinguished from that of an ordinary
Fermi liquid, resulting in the deformation of the linear energy spectrum
of graphene as shown in the figure. Our findings provide a new venue
for device engineering based on two-dimensional electron systems.
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Multifunctional Material Using Heterostructure Composed of Transition Metal Oxide

,
.
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. This has led to the
emergence of properties absent in the original building blocks of a heterostructure, including metallicity, magnetism and
superconductivity. Here we report the discovery o ferroelectricity in artificial tri-layer superlattices consisting solely of nonferroelectric NdMnO3/SrMnO3/LaMnO3 layers. Ferroelectricity was observed below 40K exhibiting strong tenability 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 valence, because of cationic
asymmetry and interfacial polar discontinuity, respectively, give rise to the observed behavior. 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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Effect of phase coherence in entangled mesoscopic Kondo systems

HONG Jongbae
.
I report my recent study on phase coherence in an entangled two-reservoir mesoscopic Kondo system. Entanglement between
the left and right Kondo singlets determine the line shapes of tunneling conductances observed in two-reservoir mesoscopic
Kondo systems under bias. The analogy with Josephson junction is used.
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Electro-Optical Manipulation Of Plasmon Transmission On Graphene

MOON Kyungsun, PARK Suk-Young
Dept. of Physics, Yonsei Univ..
We have studied an electro-optical plasmonic waveguide, which controls the transmission of incident light by switching the
coupling of the surface plasmon polariton (SPP) localized on graphene. It has been previously shown that the propagation
length of the SPP localized on the copper surface can be effectively reduced by a factor of two or three by applying external
bias potential. In our study, we have demonstrated that the propagation length of the SPP localized on graphene can be
dramatically reduced by a factor of ten or so and the wavelength of SPP can be reduced by several hundredths of that of the
incident light as well. We have also investigated the effect of scattering times of graphene and active Si layer on switching line
shape. Switching occurs upon varying the carrier density of Si layer by Dn/nc~1% in the vicinity of switching region. For a
fixed bias voltage applied just below the critical value, signal laser beam shone into the metal nano-particles may increase the
carrier density as such, which will induce switching. This may help develop an all-optical nano-scale plasmonic switch. * This
research was supported by Basic Science Research Program through the National Research Foundation of Korea(NRF) funded
by the Ministry of Education, Science and Technology(NRF-2012R1A1A2006927).

DG-67

Ab initio study of electronic and transport Properties of Single Layer 2H and 1T MoS2

Heterostructures
SUNG Dongchul, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University.
The concern with 2-dimensional (2-D) materials such as graphene, h-BN sheet, and MoS2 has been increasing since the
discovery of graphene in 2004. It was shown that the good performance in 2-D nanodevices using heterostructures between
semiconductors and metallic materials can be obtained. The thin 2-D film of molybdenum disulfide (MoS2) has peculiar
characteristic that the MoS2 exhibits semiconducting and metallic properties depending on its structure configuration. Single
layer 2H and 1T MoS2 structures show semiconducting and metallic behaviors, respectively, and are chemically monolithic
and single crystalline. The aim of this work is to find the atomic and electronic structure of metal-semiconductor MoS2
heterostructures having 2H-1T lateral configurations using density functional theory calculations. Moreover, we investigate
transport properties of the hybrid MoS2 structure. Especially, we focus on the interfacial region between 2H and 1T structures.
Our calculations reveal that the MoS2 heterostructures are metallic. We also investigate adsorption properties for atoms or
molecules at the several sites on MoS2 heterostructures. Finally, we discuss electric transport properties of single layer 2H-1T
MoS2 heterostructures with various molecules.

DG-68*

First-principles Study of Doping Effect in Graphene on Oxide Substrates

MIN Kyung-Ah, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
It is well known that graphene represents different doping behaviors, depending on the supported substrate. Especially, many
experimental researches have shown that graphene exhibit the p-type behavior on oxide substrates.Here, we report the doping
effect in graphene on oxide substrates such as MgO and SiO2 using first-principles calculations. To investigate different
doping behaviors in graphene on oxides in various conditions, we consider oxygen-terminated and hydroxylated surfaces for
each substrate. Details in doping effect in graphene are analyzed in terms of charge density difference, band structure and
partial density of states (PDOS).

DG-69*

Strain Effect on Electronic Structure of Several Graphyne Structures : First Principle

Study
LEE Hyeonsu, KANG Seoung-Hun, PARK Sora, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University, Seoul, 130-701, Korea.

Using first-principles density functional theory, we study
the relation between structural and electronic properties of
three types of graphynes called α, β, and γ graphynes. These
2
materials consist of hexagonal carbon rings (with a sp bonding character) connected by acetylenic
linkages (with a sp bonding character) in common. Due to the acetylenic linkages, they are very different
not only from graphene, but also from each other. Electronically, α, β graphynes are semi-metallic
containing dirac cones in their momentum space, while γ graphyne is semiconducting with 0.4 eV direct
band gap at M point. To understand the strain effects on their electronic structures, we consider the strain
applied along various directions and their effects on band structures, which undergo drastic modification.
We decompose several atomic scale deformations, such as buckling, torsion, due to strain, and analyze
the effect of each on the electronic properties.

DG-70*

Study of adsorbed molecules on MoS2 nanostructures using first-principles calculations

CHA Janghwan, SUNG Dongchul, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
Recently, molybdenum disulfide (MoS2) nanostructures have been studied for applications of lithium-ion batteries, solar cell,
and gas sensors. In this regard, we have investigated atomic and electronic properties of MoS2 nanostructures with adsorbed
atoms and molecules using density functional theory calculations. It is shown that the band gap is direct (about 1.64 eV) for
monolayer MoS2 in our results. We reveal that the several atoms such as H, C, N, and F are chemically bound to several sites
on the two-dimensional (2D) MoS2 surface. On the other hand, various contamination molecules such as CO, CO2, NO, NO2,
and NH3 do not bind to the surface. Next, adsorption of various molecules on the one-dimensional (1D) armchair MoS2
nanoribbon is studied because this structure has a suitable band gap (about 0.58 eV) and possible adsorption edge sites.
Contrary to the case of 2D MoS2 monolayer surface, some molecules (CO, NO, and O2) are bound well to the edge of the
MoS2 nanoribbon. We find that the molecular states due to adsorption are located near the Fermi level, which makes the band
gap narrower. Therefore, we suggest that monolayer MoS2 nanoribbons be used as the gas sensors or detectors.

DG-71

p-type conductivity generated by ferromagneticordering via percolative anionic H chain
formationin ZnCoO
LEE Hosik, SHIN Jong Moon1, CHO Yong Chan1, LEE Seunghun1, PARK Chul Hong1, PARK Noejung, JEONG Se-Young1,
KIM Sung Youb
UNIST. 1Pusan National University.
We report the simultaneous realization of p-type conductivity and andstrong ferromagnetism in heavily Co-doped ZnO thin
films in the presence of a highconcentration of hydrogen impurities. Through ab initio calculations, we find thatthe
microscopic origin of hole carrier generations and ferromagnetic ordering is due tothe partially occupied band of the
percolative structures wherein the carrier-inducedmagnetic interactions can stabilize the strong spin-parallel state.

DG-72*

Thickness Dependence of Magnetic Anisotropy of GaMnAs Film

BAC Seul-Ki, LEE Hakjoon, LEE Sangyeop, SHIN Jinsik, CHOI Seonghoon, JEONG Yujin, LEE Sanghoon, LIU X1,
FURDYNA J. K.1
,
. 1University of Notre Dame, Physics.
Magnetic anisotropy of GaMnAs ferromagnetic film depends on material parameters, such as Mn composition, carrier
concentration, and strain. Such dependence on material parameters implies that film thickness could be another important
parameter in determining magnetic anisotropy of the GaMnAs layer. We, therefore, investigated thickness dependence of
magnetic anisotropy of GaMnAs epilayer. A GaMnAs film with 5.0 % of Mn was grown on a GaAs (001) substrate to a
thickness of 480 nm by molecular beam epitaxy. The film was annealed at 250 C for 90 min in gas atmosphere to improve
the uniformity of Mn concentration in the sample. After annealing, the sample was divided into three regions and then each
region was selectively etched for 3 different time durations, leaving 407 nm, 369 nm, and 307 nm film thickness for each
region. The Hall device was patterned in each region and the properties are investigated by transport measurements. The
resistance measurement showed the peak near 55 K for all three layers indicating high uniformity of Mn concentration in the
film. However, the angular dependence of the planar Hall effect measured during the magnetization reversal process shows
clear difference for the three GaMnAs layers. For example, the angle dependence of planar Hall resistance becomes
asymmetric during the magnetization reversal process and the polar plot of magnetization switching field shows large step at
the <110> crystallographic direction. We will discuss such film thickness dependent phenomena in terms of change in the
magnetic anisotropy, specially related with uniaxial anisotropy field along the [010] direction in the film.

DG-73*

Surface Dependence of Magnetic Anisotropy of Fe Films Grown on Semiconductor Buffer

Layers
JEONG Yujin, LEE Hakjoon, LEE Sangyeop, YOO Taehee, LEE Sanghoon, LIU X.1, FURDYNA J.K.1
Physics Department , Korea University. 1Physics Department , University of Notre Dame.
We have investigated the effect of crystal surface on the magnetic anisotropy of Fe film. The Fe films were grown on four
different buffer layers, such as GaAs, ZnTe, ZnSe, and Ge, by molecular beam epitaxy (MBE) and Hall measurements were
used to study magnetic anisotropy of the films. To perform Hall measurement, we have fabricated Hall devices from Fe films
grown on four different surfaces. We found that the magnetic anisotropy properties of the Fe film strongly depend on the types
of surfaces. For example, the relative strength of uniaxial anisotropy with respect to the cubic anisotropy systematically
decreases in order of GaAs, ZnTe, ZnSe, and Ge surfaces. Specially, the uniaxial anisotropy is almost disappeared in the Fe
film grown on the Ge surface. We will discuss such dependence of magnetic anisotropy on the crystal surface based on the Fe
film growth process in MBE crystal growth methods.

DG-74*

The variation of exchange bias in [Pt/Co]3/IrMn

YOON Seungha, CHO B. K.1
Gwangju Institute of Science and Technology. 1Gwangju Institite of
Science and Technology.
The exchange biased Pt/Co multilayers have been intensively
investigated due to its useful phenomena for spintronic devices [1].
However, most of the studies on the exchange biased Pt/Co multilayers
have just focused on the ferromagnetic switching behavior of Pt/Co
multilayers with a field shift of the magnetic hysteresis loop, even
though the existence of AF interlayer coupling between the Co layers
has been theoretically predicted [2].
In this study, we changed the Pt thickness of [Pt(t nm)/Co(1 nm)]
3/IrMn(12 nm) multilayer. For small thickness of the Pt layer, the
multilayers showed ferromagnetic switching behaviors with an exchange
bias in the out-of-plane direction. However, the AF interlayer coupling
became dominant in the switching behaviors, when the Pt thickness was
larger than 2.0 nm, as shown in Fig. 1(a). We will discuss in detail the
exchange bias behavior with magnetoresistance effect.

DG-75*
HASHMI Arqum,

Metal free half metallicity in g-C4N3/BN Hybridized System
,

.
Synthesis of a half metallic material on a substrate is highly desirable for diverse applications. Herein, we have investigated
structural, adsorptive, and magnetic properties of metal free graphitic carbon nitride (g-C4N3) layer on hexagonal BN layer (hBN) using the van der Waals density functional theory. It is found that g-C4N3 layer can be adsorbed on BN layer due to the
change of lattice constant of the hybridized system. Interestingly, we have found that metal free half metallic behavior in gC4N3 can be preserved even on BN layer and the half metallicity originates mainly from the 2pxy planar orbitals of N atoms in
g-C4N3 layer. Characters of spin polarized planar orbitals suggest that our theoretical prediction can be verified using normal
incidence of K-edge X-ray magnetic circular dichroism (XMCD) measurement.

DG-76

Large negative magnetoresistance for SrRu1-xFexO3 thin films

JUNG Chang uk, TOREH Kirstie Raquel Natalia, TAMBUNAN Octolia Togibasa, VU Binh Nam
Hankuk University of Foreign Studies, Physics.
Large magnetoresistance (MR) refers to a significant change of the electrical resistance in response to a magnetic field. It has
been reported that the large negative magnetoresistance effect was found in Sr1-xLaxRu1-xFexO3 solid solution. In contrast to
this co-doping both at A-site and B-site, we succeed in doping Fe at Ru site of SrRuO3 (SrRu1-xFexO3) by using epitaxial strain
during the thin film growth. Comparing with Sr1-xLaxRu1-xFexO3, SrRu1-xFexO3 film does not have A-site disorder but can
have oxygen deficient problems. Thus, if we minimize the oxygen deficient problems, this material could be ideal system to
study the MR due to B-site doping.With increasing the concentration of Fe, the resistivity of SrRu1-xFexO3 film increased
especially at low temperatures. Application of an external magnetic field up to 9 T parallel to the film’s surface affected a large
negative magnetoresistance effect in this compound. The observed large negative magnetoresistance was strongly correlated
with the Fe doping concentration. In addition, magnetoresistance for all films was symmetric around zero field and was
stronger at lower temperature.
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Magnonic crystals based on coupled vortex gyration

HAN Dong-Soo, VOGEL ANDREAS1, JUNG HYUNSUNG, LEE KI-SUK, WEIGAND MARKUS2, STOLL HERMANN2,
SCHUTZ GISELA2, FISCHER PETER3, MEIER GUIDO1, KIM SANG-KOOG
National Creative Research Initiative Center for Spin Dynamics and Spin-Wave Devices, and Research Institute of Advanced
Materials, Department of Materials Science and Engineering, Seoul National University, Seoul 151-744, Republic of
Korea. 1Institut fur Angewandte Physik und Zentrum fur Mikrostrukturforschung, Universitat Hamburg, 20355 Hamburg,
Germany. 2Max-Planck-Institut fur Intelligente Systeme, 70569 Stuttgart, Germany. 3Center for X-ray Optics, Lawrence
Berkeley National Laboratory, Berkeley CA 94720,USA.
Collective spin excitation in magnetic nanodots has attracted much attention owing to its various potential implementations in information processing devices. Although
a lot of varieties of those excited modes are fundamentally understood, collective vortex-gyration modes in coupled vortex-state disks still remain elusive [1-4]. Here,
we report on the first direct experimental demonstration, by means of a time-resolved scanning transmission x-ray microscopy, of discrete wave modes of collective
vortex gyrations excited in a one dimensional chain of physically separated but dipolar-coupled permalloy disks. Furthermore, we interpret the experimentally observed
discrete modes and their dispersion relations with the help of numerical calculation, micromagnetic simulations, and analytical derivations. The results reveal that
characteristic dispersions can be expressed simply in terms of the intrinsic angular eigenfrequency of isolated disks and their specific polarization (p) and chirality (C)
ordering. The dynamic dipolar interaction determined by the specific p and C orderings governs the magnonic band structure of a given one dimensional array.
Accordingly, and promisingly, the propagation property of collective vortex gyration and its dispersion can be manipulated by vortex-state ordering, the dimensions of
each disk, and the nearest-neighbouring disks’s interdistance [5]. [1] J. Shibata et al., Phys. Rev. B 70, 012404 (2004). [2] A. Vogel et al., Phys. Rev. Lett. 106, 137201
(2011). [3] H. Jung et al., Sci. Rep. 1, 59 (2011). [4] D.-S. Han et al., Sci. Rep. 3, 2262 (2013). [5] This research was supported by the Basic Science Research Program
through the National Research Foundation of Korea funded by the Ministry of Science, ICT & Future Planning (grant no. 2013003460).

DG-80*

Magnetic Field Effect on Electroluminescence in a Top-emitting OLED with Epitaxial Si
(100)\MgO(100)\Fe(100)\MgO(100) Multilayers
LEE Nyun Jong, ITO Eisuke1, BAE Yu Jeong, JUNG Heeyoung2, LEE Changhee2, KIM Tae Hee
Department of Physics, Ewha Womans University, Seoul, South Korea. 1Flucto-Order Functions Research Team, RIKEN
Advanced Science Institute, Wako, Saitama, Japan. 2School of Electrical Engineering and Computer Science, Seoul National
University, Seoul, South Korea.
For electroluminescence (EL) of organic semiconductors (OSCs), a significant increase in magnetic field response of EL
related to the injection of spin-polarized carriers from metal contacts into OSC layers has been recently reported.[1,2]
However, the mechanism lying behind this phenomenon still remains unclear. In this work, we investigated on the relation of
spin injection efficiency and mangetoelectroluminescence (MEL=∆EL/EL≡{EL(H)-EL(H=0 Oe)}/ EL(H=0 Oe) ) in a topemitting OLED (TOLED) structure, which is formed on an epitaxial Si\MgO\Fe\MgO(100) anode. Also, our TOLED
consisted of a semitransparent Al cathode and a stack of CuPc\α-NPD\Alq3\LiF layers. At RT, MEL of ~ 6 % was observed in
a low magnetic field of 2 kG for a applied voltage in excess of ~10 V, which is obviously larger than that of the TOLEDs with
a poly-Fe anode without the 4 monolayer thick MgO(100) covering layer. Our results indicate that the large effect in MEL
could be strongly related to the magnetic and structural properties of bottom electrode, more precisely the interfacial electron
band structure between CuPc layer and the anode. In order to understand the mechanisms of spin polarized carrier injection
and transport in the spin-OLED, we focused on the interface property characterization by using surface analysis techniques
such as XPS and UPS. Furthermore, based on our IVL measurement results, numerical analysis of the charge density
distribution in each OSC layers for different voltages was carried out. Here, a possible new model of the exciton-polaron
interaction will be also discussed. [Eq.1] J = (9/8)εμ0exp(βF1/2)F2/d ; the field dependent SCLC [1] V. Alek Dediu et al., Nat.
Mater. 8, 707(2009). [2] I. Bergenti et al. Org. Electron. 5, 309 (2004).
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DP-01(

) Optical properties of iron-based superconductors

CHRISTOPHER Homes
Brookhaven National Laboratory, Condensed Matter Physics and Materials Science Department.
The multiband nature o firon-based superconductors requires at the very least a two-channel approach[1]. In the case of the
hole-doped Ba0.6K0.4Fe2As2 superconductor (Tc~38 K) the optical conductivity in the normal state may be described by a
strong, broad Drude component, and a weak, narrow component. The scattering rate for the broad component shows little or
no temperature dependence, while the scattering rate for the weaker component shows an interesting linear temperature
dependence, indicating a hidden non-Fermi liquid behavior. On the other hand, the early results for Fe1+dTe suggest that the
narrow component is quadratic in temperature, as expected for a Fermi liquid. This results of the two-Drude fits across a
number of iron-arsenic and iron-chalcogenide materials will be presented and the implications of Fermi liquid and non-Fermi
liquid behavior on the superconductivity will be discussed.[1] D. Wu, et al., Phys. Rev. B 81,100512 (2010).

DP-02(

) Charge Dynamics of the BaFe2As2 High-Tc Superconductors

MOON SOONJAE
Hanyang University.
High-Tc superconductivity in Cu oxide ceramics has been arguably one of the most intriguing and important phenomena in
condensed matter physics. The 2008 discovery of high-Tc superconductivity in Fe-based compounds undermines the
uniqueness of the cuprates and has prompted extensive researches to resolve a number of significant problems of high-Tc
phenomenon. In this talk, I'll discuss infrared perspectives on the similarities and differences between the two complementary
classes of high-Tc superconductors with an emphasis on the pseudogap phenomena. I'll present infrared data of the prototypical
Fe-based superconductor, BaFe2As2 system. The evolution of charge dynamics with temperature and doping will be discussed
in comparison with those of the cuprates.

DP-03(

) Computational studies of electronic and magnetic properties of Fe-based superconductors

CHOI Hyoung Joon
Department of Physics, Yonsei University.
Iron pnictides and chalcogenides have quasi-two-dimensional electronic structures with multiple Fermi surfaces, and their
electronic energy band dispersions are renormalized by many body effects. We perform first-principles calculations of the
electronic and magnetic properties of iron pnictides and chalcogenides with various spin configurations to obtain magnetic
exchange couplings of Fe magnetic moments. Using the magnetic exchange couplings, Heisenberg spin Hamiltonians are
constructed and magnetic excitation spectra are obtained. We compare our results with published inelastic neutron scattering
data and discuss superconductivity in Fe-based superconductors. This work is supported by the NRF of Korea (Grant No.20110018306). Computational resources have been provided by KISTI Supercomputing Center (Project No. KSC-2013-C3-062).

DP-04(

)

Quantum size effects and proximity effects of Pb ultrathin films

KIM Jungdae
Department of Physics and Energy Harvest Storage Research Center (EHSRC), University of Ulsan, Ulsan Korea.
Recent progress in growth techniques enabled the fabrication of quantum films where epitaxial metallic films can be grown
on semiconductor substrates with atomic precision. This capability opened a new field that physical properties of films might
be engineered by thickness dependent confinement effects, so called quantum size effects (QSE).1 Particularly, ultrathin Pb
films grown on Si(111) substrates have been studied intensively because of their profound quantum well states. QSE and size
dependence of superconductivity in Pb ultrathin films will be discussed.2-4 Then, I will move to intriguing proximity effects in
a heterogeneous system consisting of electronically two-dimensional superconducting Pb islands on a metallic substrate.
Depending on the local geometry, the superconducting gap induced at the metallic surface sometimes decays within ~ 20nm of
the superconductor, and sometimes survives at distances that are several coherence lengths from a superconductor.5
[Reference]1. Jungdae Kim, S. Qin, Wang Yao, Q. Niu, M. Y. Chou, and Chih-Kang Shih, PNAS 107, 12761 (2010)2. Daejin
Eom, S. Qin, M.Y. Chou, and Chih-Kang Shih, Phys. Rev. Lett. 96, 027005 (2006)3. Jungdae Kim, Gregory A. Fiete,
Hyoungdo Nam, A. H. MacDonald, and Chih-Kang Shih, Phys. Rev. B 84, 014517 (2011)4. S. Qin, Jungdae Kim, Q. Niu, and
Chih-Kang Shih, Science 324, 1314 (2009)5. Jungdae Kim, Victor Chua, Gregory A. Fiete, Hyoungdo Nam, A. H.
MacDonald, and Chih-Kang Shih, Nature Phys. 8, 465 (2012)

DP-05(

)

Density-Matrix Theory for high-Tc superconductors in non-equilibrium: Higgs mode and pairing glue

MANSKE Dirk
Max Planck Institute for Solid State Research.
We study the ultrafast dynamics of unconventional superconductors from a microscopic view point employing density-matrix
theory. In particular, we derive and solve numerically equations of motions which allow calculating the resulting Higgs mode
of the amplitude of the superconducting order parameter exactly. In a next step we study the role of phonons in the nonequilibrium state. The dynamics of coherent phonons after excitation with a short intense pump pulse can be treated at a fully
quantum kinetic level. We find that in the nonadiabatic regime the generation of coherent phonons is resonantly enhanced
when the frequency of the order parameter oscillations is tuned to the phonon energy which can be achieved by changing the
pump pulse intensity. In the case of incoherent phonons we use a bath approximation and calculate the 2-color time-resolved
Raman signal and compare with data on the high-Tc compound Bi2212. Our theory can also be used to calculate the optical
conductivity and calculations of the pairing glue in cuprates are discussed in view of recent experiments. Finally, applications
to MgB2 and Fe-pnictide superconductors are addressed.

DP-06(

) Observation of band dependent pseudogap in iron pnictide superconductor Sr2VO3FeAs

KIM Y.K., KIM C.1, OK J. M.2, KIM J. S.2, MO S.-K.3
Yonsei university; Advanced light source, Lawrence Berkeley national laboratory. 1Yonsei
university. 2POSTECH. 3Advanced light source, Lawrence Berkeley national laboratory.
The pseudogap in cuprate superconductor has been considered to have close relationship with unconventional
superconductivity and thus highly important. Despites of its importance the origin of the pseudogap is still under strong debate
even though there were extensive and intensive effort has been carried out to reveal the origin of the pseudogap. One bottle
neck of this long unresolved problem is there are myriad of other competing orders are sets in the cuprates thus all competing
orders, such as d-density wave, stripe, spin ordering, can be responsible even superconductivity itself can. In this presentation,
we present observation of band dependent pseudogap in one of the iron pnictide system, Sr2VO3FeAs. We observed opening
of the pseudogap only in hole band in zone center while electron band at zone corner does not shows any existence of
pseudogap. Our results implies that pseudogap in iron pnictide is not related to the superconductivity itself as it shows distinct
behavior with superconducting gap.
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P1-D001*
,

High Domain Wall Mobility in Pd/Co/Pt Films with thin Pd Layers

,

,
,
.
Recently, materials with perpendicular magnetic anisotropy have attracted hugh technological attention due to its perspective
application to future memory devices [1]. For better performance of such devices, it is important to obtain high mobility of
domain walls and high stability of domains. Here, we report the dependence of the domain wall mobility and the coercive field
on the layer thicknesses of adjacent Pt or Pd layers in Co films sandwished by either Pt or Pd layers. In this study, a series
Si/SiO2/5-nm Ta/[x-nm Pt or Pd]/0.3-nm Co/[y-nm Pt or Pd] films are prepared with different x from 1.5 to 3.5 with 1-nm
interval and different y from 1.0 to 2.0 with 0.5-nm interval using dc magnetron sputtering. The domain wall mobility and the
coercive field are then measured by use of a magneto-optical Kerr effect microscope. An exceptionally high domain wall
mobility is observed in Pd/Co/Pt films with thin Pd layers, which is 10 times larger than the others. The correlation with the
coercive field will be discussed.
[1] S. S. P. Parkin, M. Hayashi, and L. Thomas, Science 320, 190 (2008).
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.[1] I. M. Miron et al., Nature Mater. 10, 419 (2011).[2] S. Emori et al., Nature Mater. 12, 611 (2013).[3]
A. Thiaville, S. Rohart, É. Jué, V. Cros, and A. Fert, Europhys. Lett. 100, 57002 (2012).[4] S.-G. Je et al., Phys. Rev. B 88,
214401 (2013).
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Construction of Low Temperature Magnetic Force Microscope and Its Application to
Skyrmion Materials
YANG JinHo, KIM Yunwon, PARK MinJu, PARK S.Y1, YEOM H.W, KIM Jeehoon
Center for Artificial Low Dimensional Electronic Systems, Institute for Basic Science (IBS), 77 Cheongam-Ro, Pohang 790784, Korea. Department of Physics, Pohang University of Science and Techonlogy, 77 Cheongam-Ro, Pohang 790-784,
Korea. 1Physics Department, Chung-Ang University.
We have built magnetic force microscopy (MFM), operation temperature and field range of 4 K~300 K and up to 5 Tesla,
respectively. Our MFM can be also operated in LN2 with a home-built magnet to investigate colossal magnetoresistance
materials. We show some preliminary results in unconventional magnetic materials such as skyrmions. Skyrmions in
Cu2OSeO3 by MFM will be shown in a range of field and temperature.
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Fabrication of solid metallic cantilevers and their application for AFM

JANG gyeongsu, WULFERDING dietrich1, CHO doohee1, YEOM hanwoong1, KIM jeehoon1, YANG Illkyu2, JEONG
Yoonhee2
CALDES.IBS.Pohang.Korea, Department of Physics.POSTECH.Pohang.Korea. 1CAlDES.IBS.Pohang.Korea. 2Department
of Physics, POSTECH.
We present a method to make solid metalllic cantilevers for conducting-AFM (C-AFM) using chemically etched platinum
wires and stainless steel sheets. This method allows us to pass larger currents through the probe tips in contrast to
commercially available ones, which provides robust and reliable c_AFM studies. We apply our home-built tips for C-AFM in
a variety of testing samples and show preliminary scanning results.

P1-D008

Electric field-induced modification of magnetism on FeCo and FeCo/MgO: A first

principles study
PUREV Taivansaikhan, DORJ Odkhuu, ORYONG Kwon, SOON
CHEOL Hong
Department Of Physics,University of Ulsan.
The magnetic and electronic properties of bulk and thin film of FeCo
and FeCo/MgO have been investigated using first-principles
calculations. For the thin film FeCo, as number of layer increases from a
monolayer (ML) to 5 MLs, surface magnetic moments of Fe are feasibly
decreased from 3.19mB to 2.97mB, whereas it is enhanced from 2.16 to
2.71 for Co case. Those magnetic moments at surface are much larger
than that in bulk FeCo. However, in the presence of substrate MgO,
magnetic moments of interface Fe and Co are dramatically decreased
caused by interaction with MgO substrate. Additionally, small positive
magnetocrystalline anisotropy (MCA) energies are found for Feterminated films, while negative MCA energies for Co-terminated films
of FeCo. With the MgO substrate, the perpendicular MCA of FeCo film
enhanced to 1.74 meV/cell in the 2ML, but it showed in-plane MCA in
the 3ML to 5ML FeCo/MgO. Furthermore, the MCA at interface can be
modified by applied electric field. We will discuss external electric field
effect on magnetism and MCA depending on thickness of FeCo films
with and without MgO substrate.

P1-D009*

Magnetocrystalline anisotropy of CoFe(011)/MgO(011)/CoFe(011) systems

JEKAL Soyoung, KIM Eungu, KWON Oryong, HONG Sooncheol
,
.

Experimental study on CoFe 100 nm thickness films grown on MgO reported that the films have different
magnetocrystalline anisotropies (MCAs) depending on surface orientation of the thin films [1]: Perpendicular
MCA energy of CoFe(011)/MgO(011) was observed to be about three times larger than CoFe(001)/MgO(001).
In this study, we carried out first principles calculations of MCAs of CoFe(001) and CoFe(011) thin films with
thickness of 2 monolayers (MLs) to 6 MLs. In case of the CoFe(011) films, their MCA energies are calculated to
be about 0.34-0.50 erg/cm2 while the CoFe (001) films show 0.05-0.12 erg/cm2, which is consistent qualitatively
with the aforementioned experiment. And we also consider the system of CoFe(011)/MgO(011)/CoFe(011) in
order to confirm availability of the strong perpendicular MCA at the interface formation with MgO(011). The
MCA energy of the system of CoFe(011)/MgO(011)/CoFe(011) is even strengthened at the interface formation
with MgO(011), larger than 0.60 erg/cm2.. We will discuss the large MCA energy with single particle energy
spectra.
[1] Kim, D. Y., Kim, C. G., Kim, C. O., Shibata, M., Tsunoda, M., and Takahashi, M., IEEE Transactions on
Magnetics, 41, 2712 (2005).
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Brillouin Light Scattering Study of Ultra-Thin Fe Layer Between the MgO layers

CHO Jaehun, JUNG Jin-Yong, KOHEI Nawaoka1, SUZUKI
Yoshishige1, YOU Chun-Yeol
Department of Physics, Inha University. 1Department of Material
Engineering Science, Osaka University.
The tunnel magnetoresistance (TMR) effect in magnetic tunnel
junctions (MTJs) is the key issues in the developing of spintronics
devices [1]. There are many studied about MTJs structures but it needs
to understand for magnetic properties in ferromagnetic layer with
insulating layers. In this study, we used Brillouin light scattering (BLS)
to investigate the spin dynamics in ultra-thin Fe film sandwiched by
MgO buffer and overlayer. The samples were grown by Molecular Beam Epitaxy on MgO (100) substrate. A wedge shape Fe
(2nm to 5nm and 10nm) was grown on 2 nm MgO buffer layer and then was capped 5 nm overlayer. A sample structure is
shown in Figure 1 (a). Fe thickness above 3.5 nm in our BLS data clearly shows cubic anisotropy with easy and hard axis
along the [110] and [1-10] directions, respectively. But we found that the thickness below 3 nm Fe layer shows broken cubic
anisotropy. One of possibility reason is that thickness below 3 nm of Fe is no longer continuous films, but it forms nanoparticles [2]. Figure 1 (b) shows a schematic of Fe nanoparticle structure.
[1] S. Ikeda et. al., IEEE Transactions on Electron Devices 54, 991 (2007)
[2] Y. Suzuki et. al., Appled Physics Express, 5, 123001 (2012)
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P1-D015

Study of Spin Dynamic Properties on the Magnetic Nanowires with the Shape Anisotropy

CHO Jaehun, YOON Jungbum, YOU Chun-Yeol
Department of Physics, Inha university.
Ferromagnetic nanostructures have recently attracted much interest for
the wide potential applications in high density magnetic recording media
and logic devices and various spin orbit torque phenomena [1,2,3].
However, more studies are needed to understand the damping processes
in the nanowires. In this study, we simulate the ferromagnetic resonance
(FMR) using micromagnetics with the different shape anisotropy in xy
plane. The resonance frequencies are obtained by the fast Fourier
transformation result of stored Mx (transverse) and My (longitudinal). In
figure (1) shows the demagnetization factors of the wire width, obtained
from longitudinal and transverse directions. In the macrospin model,
they must be identical, but micromagnetic simulation reveals the
demagnetization factors different for two different magnetization states.
And we will discuss about the relationship between wire width and Gilbert damping constant for longitudinal and transverse
status.
[1] Stuart S. P. Parkin et. al., Science 320, 190 (2008)
[2] D. A. Allwood et. al., science 209, 1688 (2005)
[3] Ioan M. Miron et. al., Nature Materials 9, 230 (2010)

P1-D016

Stability of Half-metallicity of Rocksalt CaN(001) Surfaces

LEE Jae Il, BIALEK B., JANG Y.-R.1
Dept. Physics, Inha Univ.. 1Dept. Physics, Univ. of Incheon.
Recently it was predicted by first-principles electronic structure calculations that a number of IIA-V compounds, which
include no transition metal elements, have half-metallic properties [1]. The structural stability investigation for some of the
compounds, such as MgN and CaN, have shown that the rocksalt (RS) structure was found to be the most stable among other
possible crystal structures [2]. In this study, we have investigated the stability of surface half-metallicity for the (001) surfaces
of RS CaN with the lattice constant variation. We adopted a single slab model constituted of nine layers for the electronic
structure calculations for RS (001) CaN surface. In order to study the stability, we expand or contract the in-plane (x and y)
lattice constants by keeping the volume of unit cell unchanged. We used the full-potential linearized augmented plane wave
(FLAPW) method [3] based on GGA for the exchange–correlation potential to obtain electronic structures. From our
calculations we found that the RS (001) CaN slab keeps the half-metallicity up to 8% in-plane lattice expansion and 11%
contraction. We also found that for the expanded system the destruction of half-metallicity starts as the upper band edge
touches the Fermi energy, while for the contracted systems when the localized sharp peak appears at the Fermi level. [1] M.
Sieberer, J. Redinger, S. Khmelevskyi, P. Mohn, Phys. Rev. B 73, 024404 (2006).[2] A. Droghetti, N. Baadji, S. Sanvito, Phys.
Rev. B 80, 235310 (2009). [3] E. Wimmer, H. Krakauer, M. Weinert, A.J. Freeman, Phys. Rev. B 24, 6864 (1981).

P1-D017

Thickness Dependence of Locally Laser-Induced Magneto-Thermoelectric Effect in
Fe3O4/Pt Heterostructures
LEE Kyeong-Dong, KIM Dong-Jun, PARK Byong-Guk, KIM Jin-A1, YOON Soon-Gil1, JEONG Jong-Ryul1, LEE Ki-Suk2,
SONG Hyon-Seok3, SOHN Jeong-Woo4, SHIN Sung-Chul3
KAIST, Department of Materials Science and Engineering. 1CNU, Department of Materials Science and
Engineering. 2UNIST, School of Mechanical and Advanced Materials Engineering. 3DGIST, Department of Emerging
Materials Science. 4KAIST, Department of Physics and CNSM.
The spin caloritronics, a combined effect of thermoelectricity and spintronics, has gained growing attention due to its potential
application for energy harvesting using magnetic materials and also for a new spin current source in spintronic devices. Many
questions on this topic are renewed by the experimental demonstration with the ferromagnetic insulator such as YIG. Another
interesting ferromagnet of magnetite (Fe3O4) which shows a metal-insulator transition at around 121 K has shown that the spin
Seebeck effect is dominant at room temperature [1]. In this study, magneto-thermoelectric effect in Si/SiO2/Fe3O4/Pt
heterostructures is investigated in a wide range of Fe3O4 thickness from 100 to 400 nm by means of local laser heating. We
observed nontrivial nonlinear dependence of thermal voltages with increasing Fe3O4 thickness. [1] R. Ramos, T. Kikkawa, K.
Uchida, H. Adachi, I. Lucas, M.H. Aguirre, P. Algarabel, L. Morellón, S. Maekawa, E. Saitoh, and M.R. Ibarra, Appl. Phys.
Lett. 102, 072413 (2013).

P1-D018
,

Z-type hexaferrite
1,

. 1
.
Z-type hexaferrite(Ba3Co2Fe24O41: Co2Z)
,
Snoek
, 100 MHz ~ 1 GHz
Ba site Sr
Ba3-xSrxCo2Fe24O41 (x = 0, 1, 1.5, 2)
,
x,
,
,
(network analyzer)
.
Ba
(r = 1.35 Å)
Sr
(r = 1.18 Å)
.
Ba site Sr
, Fe
.
, Sr
(HA)
, Sr = 1.5
= 11.02 kOe (Co2Z

: 8.95 kOe)

Ba1.5Sr1.5Co2Fe24O41
tan δμ ≤ 0.1)

Co2Z

520 MHz

.

HA
7.2

610 MHz

.

.

,

HA

Snoek
8.3

,
,

(

P1-D019*

Excitation spectrum of the 2D triangular Heisenberg antiferromagnet hexagonal LuMnO3

OH Joosung, LE Manh Duc, JEONG Jaehong, PARK Je-Geun, LEE
Jung-Hyun1, SONG Wan-Young1, WOO Hyungje2, PERRING T.G.2,
BUYERS W.J.L.3, CHEONG S-W.4
Center for Correlated Electron Systems, Institute for Basic Science
(IBS), Seoul 151-747, Korea. 1Department of Physics, Sungkyunkwan
University, Suwon 440-746, Korea. 2ISIS Facility, STFC Rutherford
Appleton Laboratory, Oxfordshire OX11 0QX, United Kingdom. 3Chalk
River Laboratories, National Research Council, Chalk River, Ontario
K0J 1J0, Canada. 4Department of Physics and Astronomy and Rutgers
Center for Emergent Materials, Rutgers University,.
2D triangular Heisenberg antiferromagnet (2D THA) is one of the most extensively studied frustrated magnetic system. A
recent theoretical study predicted the excitation spectrum of 2D THA is largely deviated from the semiclassical spectrum due
to the three magnon interaction originated from 120° spin structure [1].
We performed inelastic neutron scattering experiment on LuMnO3, a candidate of 2D THA. The data show deviations from
the semiclassical spectrum at B point: minimum at the lowest energy mode, line width broadening at the top of the dispersion,
and high energy two magnon scattering. These features qualitatively agrees with theoretical predictions, which reveals the
importance of the three magnon interaction in 2D THA.
[1] A. L. Chernyshev et al., Phys. Rev. B 79, 144416 (2009)

P1-D020*

Investigating The Origin of Giant Dielectric Relaxation In Polycrystalline La Doped

BiMnO3
,
,
.
Colossal dielectric materials show tremendous technological applications including energy storage, device miniaturization etc.
The origin of colossal dielectric constant is still a matter of debate as its value changes from material’s synthesis point of view.
Taking an example of La doped BiMnO3; its polycrystalline form shows much higher order of dielectric constant than single
crystal as well as thin films, although later two types are regarded to have much better crystalline quality than polycrystalline
one. To separate out the origin of this discrepancy, here I will show the comparative study of magnetic field dependence
dielectric relaxation phenomena in polycrystalline La doped BiMnO3 in contrast of its thin film form. Our study shows that
there is an extrinsic mechanism involved in the observed giant dielectric relaxation in polycrystalline samples.

P1-D021

Systematic studies of magnetoelectric properties in polycrystalline Z type hexaferrites Ba3-

xSrxCo2Fe24O41 at

room temperature

KIM Kee Hoon, SHIN Kwangwoo, YOO Kyongjun, PARK Chang Bae
Center for Novel States of Complex Materials Research, Department of Physics and Astronomy, and Institute of Applied
Physics, Seoul National University.
Multiferroics provide an unprecedented opportunity of developing new functional devices for their cross-coupling properties
between magnetism and electricity. Previously, Kitagawa et al. [1] reported that polycrystalline Sr3Co2Fe24O41 shows
magnetoelectric (ME) effects with the ME susceptibility, αME = dP/dH, up to 250 ps/m at room temperature. Moreover, our
group found that Ba0.52Sr2.48Co2Fe24O41 single crystal exhibits a giant ME coupling of ~3000 ps/m [2], a record high value
among the known multiferroics at room temperature. To investigate the evolution of ME coupling strength with the variation
of Ba and Sr ratio, we have synthesized a series of high quality polycrystalline Ba3-xSrxCo2Fe24O41 (1.5 < x < 3.0) by the
solid state reaction method. High resolution X-ray diffraction measurements combined with the Rietveld refinement reveal that
all the samples have the Co2Z-type structure without significant impurities, and their lattice constants follow the Vegard’s law.
Upon being annealed in O2 atmosphere for 10 hours, all the samples reached resistivity of ~ 1GΩcm at room temperature,
allowing us to measure AC ME susceptibility. We found that the specimen with x = 2.6 has the largest ME susceptibility of
380 ps/m and the electrical polarization of 17 μC/m2 is clearly larger than that of Sr3Co2Fe24O41. We discuss the origin of such
enhanced ME coupling at the specific doping, based on the variation of superexchange interaction in the frustrated spin
network, in analogy to the previous results in the Zn2Y-type hexaferrites [3]. [1] Y. Kitagawa et al., Nature Mater. 9, 797
(2010)[2] S. H. Chun et al., Phys. Rev. Lett. 108, 177201(2012)[3] N. momozawa, J. Phys. Soc. Jpn. 55, 4077 (1986)
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Metal-insulator transition in the BaCrO3 thin film

JIN Hyo-Sun, LEE K.-W.
Department of Applied Physics, Graduate School, Korea University, Sejong, Korea.
Very recently, a thin film BaCrO3, having a 3d2 configuration, on the SrTiO3 substrate was synthesized by Zhu et al.[1] The
experimental measurements show a weak ferromagnetic insulating behavior, whereas two isovalent CaCrO3 and SrCrO3 seem
to be antiferromagnetic metals. Compared the experiment with our optimized value, the difference in cell volume is
considerably larger, indicating that the metal-insulator transition (MIT) in this system is induced by strain of the substrate. In
this presentation, we will address our first principles studies on the mechanism of the bandwidth controlling MIT.
Acknowledgements: This research was supported by NRF-2013R1A1A2A10008946. Reference: [1] Z. H. Zhu et al., Phys.
Rev. B 87, 195129 (2013).
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Room temperature ferromagnetic ordering in Fe doped CeO2 thin films

KUMAR Shalendra, PARK Jin Su, KIM Da Jeong, LEE Myang Hwan, SONG Tae Kwon, GAUTAM Sanjeev1, CHAE K.
H.1, JANG K. W.2
School Materials Science and Engineering, Changwon National University, Changwon-641-773, S. Korea. 1Advanced
Materials Analysis Center, Korea Institute of Science and Technology, Seoul 136-791, S. Korea. 2Department of Physics,
Changwon National University, Changwon-641-773, S. Korea.
In the present work, we report room temperature ferromagnetic ordering in Fe doped CeO2 thin films grown on LaAlO3 (001)
substrate. The Ce1-xFexO2- d/LaAlO3(001) thin films (x = 0.01 & 0.03) have been prepared by pulsed laser deposition method
and characterized using x-ray diffraction, dc magnetization, near edge x-ray absorption fine structure, and x-ray magnetic
circular dichroism. X-ray diffraction data reveal a single phase cubic structure with strong crystallographic orientation along
(200) plane. Room temperature ferromagnetism is confirmed through isothermal hysteresis as well as temperature dependent
magnetization measurements, which clearly show the ferromagnetic Curie temperature occurring at least above 350 K. The Fe
L3,2 edge NEXAFS spectra for both the Fe doped thin films exhibit mixed valent Fe2+/Fe3+ states, whereas Ce M5,4 edge
shows the 4+ state of Ce, throughout the doping. With increasing Fe doping, Fe2+ state increases and simultaneous decrease in
magnetization value is also observed. XMCD reveals the ferromagnetic ordering of substituted Fe ions in ceria matrix. Our
results indicate that ferromagnetism is intrinsic to the ceria system and is not due to any secondary magnetic impurity.

P1-D034

Electron Spin Resonance Study of Ferromagnetism in Hydrothermally Treated Fullerene

LEE Cheol Eui, LEE Kyu Won, KIM Dowan
Korea university, department of physics.
Room-temperature ferromagnetism was observed in our hydrothermally treated fullerene samples. Electron spin resonance
(ESR) and magnetization measurements were employed in order to understand the origin of ferromagnetism in the fullerene
systems. The temperature dependence of the resonance field and linewidth was discussed for the large ferromagnetic resonance
(FMR) signals detected in ESR measurements, and the corresponding spin quantum number was calculated from the
magnetization measurement. * This work was supported by the National Research Foundation of Korea (Project No.
2013057555 and No. 2013035961).
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Optical Properties of multilayer BN/Graphene/BN: Van der Waals density functional

approach
, HASHMI Arqum,
.
Graphene has attracted extensive research interest as a multifunctional material especially for device applications using
optical properties. Thus, it will also be of interest to investigate optical properties of multilayer BN/graphene/BN structures by
changing the stacking order. Frequency dependent dielectric functions and energy dependent absorption coefficients are
calculated using van der Waals density functional theory method. The physical origin of optical properties has been presented
via azimuthal quantum number resolved density of states analysis. Overall, our optical properties calculations may provide a
new physics in optics and also in other device applications.

P1-D036

Experimental verification of Uhrig dynamical decoupling for normal Si:P system

GWAK Minchan, LEE Sanggap, LEE Soonchil1, YU INSUK2
Korea Basic Science Institute. 1Department of Physics, KAIST. 2Department of Physics and Astronomy, Seoul National
University.
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Magnetic Structure in the Metallic Cubic Perovskite BaOsO3

JUNG Myung-Chul, LEE K.-W.
Department of Applied Physics, Graduate School, Korea University, Sejong, Korea.
Recently, a cubic perovskite BaOsO3 was synthesized by Shi et al. under high pressure 17GPa.[1] Although a d4 system is a
non-magnetic insulator in large spin-orbit coupling (SOC) limit, BaOsO3 is a nonmagnetic metal with a 5d4 configuration,
implying interesting physical phenomena. They also synthesized two isovalent orthorhombic perovskite CaOsO3 and SrOsO3.
The former shows atypical magnetic and electronic properties. The resistivity data is semiconductor-like, but the heat capacity
shows metallic character even at very low T. The susceptibility follows the Curie-Weiss behavior at high T regime and shows
unusually enhanced susceptibility below 50 K, though no ordered moment has been detected. We will address electronic
structures and magnetic properties of the cubic perovskite BaOsO3 as compared with orthorhombic CaOsO3. Consistent with
the experiment, our GGA+SOC calculations of BaOsO3 show a non-magnetic state, since the moment is vanished by spin-orbit
coupling, of which the strength is identical to the exchange splitting of the t2g manifold. On the other hand, the orthorhombic
CaOsO3 is ferromagnetic due to reducing strength of SOC by structure distortion. In the strongly correlated regime, we
obtained insulating CaOsO3, whereas BaOsO3 remained being metallic. Also, we performed full phonon calculations to
investigate structural instability of BaOsO3.
Acknowledgements: This research was supported by NRF2013R1A1A2A10008946. Reference:[1] Y. Shi et al., J. Am. Chem. Soc. 135, 16507 (2013)

P1-D038*

Abnormal Thermal Expansion Behavior of T-Carbon Structure

CHOI Ho-Sik, KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
We investigate the electronic and thermal properties of "T-carbon" structures using the first-principles density function theory.
T-carbon is a novel carbon allotropes proposed recently. Its structure can be constructured by replacing each carbon atom in
diamond structure with a carbon tetrahedron composed of four carbon atoms. We search its equilibrium structure by scanning
its energy landscape near the equilibrium while changing the C-C bond length within the tetrahedron and the length of the C-C
bond connecting two neighboring tetrahedra. Based on the equilibrium configuration, we investigate its thermal property by
calculating the phonon dispersion and analyzing its vibrational modes. It is interestingly found that T-carbon exhibits unusual
thermal expansion behavior: negative thermal expansion in the cubic structure. Such an abnormal thermal expansion behavior
is attributed to the existence of rigid unit modes due to the tetrahedron structure. We further analyze the rigid unit modes as
well as the effects of the structural deformations.

P1-D039*

Interlayer Binding of Bilayer α-graphyne

SHIN Hyeondeok, LEE Hoonkyung, KIM Jeongnim1, KWON Yongkyung
Division of Quantum Phases and Devices, School of Physics, Konkuk University, Seoul 143-701, Korea. 1Materials Science
and Technology Division, Oak Ridge National Laboratory, TN 37831, U.S.A.
Graphynes, two-dimensional networks of sp- and sp2-bonded carbon atoms, have recently received considerable attention
because of their intriguing potential as new Dirac materials. Bilayer graphynes could have more stacking modes than bilayer
graphene because of their large hexagon sizes and are expected to have different electronic structures depending on the
stacking mode of the two layers. Recent density functional theory (DFT) calculations of Leenaerts et al. [1] within the local
density approximation showed two stable stacking modes for bilayer α-graphyne; while a AB-stacked configuration was found
to possess a gapless parabolic band structure like AB-stacked bilayer graphene, the other stable mode of Ab-stacked graphyne
exhibits a doubled Dirac cone spectrum which can be tuned by an electric field with a gap opening rate of 0.3 eÅ. Their more
accurate DFT calculations with van der Waals (vdW)-corrected exchange-correlation functionals predicted different groundstate configuration for bilayer α-graphyne, depending on the vdW-corrected functional used. In order to determine the most
stable configuration of bilayer α-graphyne along with a computation of its interlayer binding energy, we here employ quantum
Monte Carlo method which allows accurate description of the vdW interaction between the two graphyne layers. [1] O.
Leenearts et al., Appl. Phys. Lett. 103, 013105 (2013).

P1-D040*

Quantum Monte Carlo Study of the Cohesion Energetics for sp-sp2 Hybridized 2D Carbon

Networks
KANG Sinabro, SHIN Hyeondeok, PARK Minwoo, LEE Hoonkyung, KIM Jeongnim1, KWON Yongkyung
Division of Quantum Phases and Devices, School of Physics, Konkuk University, Seoul 143-701, Korea. 1Materials Science
and Technology Division, Oak Ridge National Laboratory, TN 37831, U.S.A..
Our previous study on graphynes [1] showed that their cohesive energies could be described by a sum of the carbon-carbon
bond energies. We here performed quantum Monte Carlo (QMC) calculations on graphdiynes, a lattice of benzene rings
connected by diacetylene bonds, to obtain more accurate bond energies for sp-sp2 hybridized 2D carbon networks. The QMC
cohesive energy of γ-graphdiyne turns out to be 6.602(3) eV/atom, which is smaller only by ~0.16 eV/atom than that of γgraphyne, the most stable graphyne structure. Based on the bond energies estimated for different carbon-carbon bonds, we
propose new stable 2D sp-sp2 hybridized carbon networks.[1] H. Shin et al., arXiv:1401.0105 (to appear in J. Chem. Phys.).

P1-D041*

Effect of Spin-Orbit Coupling in the 5d1 Antiferromagnetic Mott Insulating KOsO4

SONG Young-Joon, AHN Kyo-Hoon, LEE K.-W., PICKETT W. E.1
Department of Applied Physics, Graduated School, Korea University, Sejong 339-700, Korea. 1Department of Physics,
University of California, Davis, CA 95616, USA.
Very recently, the sheelite-type KOsO4 with a eg1 configuration has been synthesized by Yamaura et. al. The magnetic
susceptibility and the heat capacity measurements show antiferromagnetic(AFM) spin ordering with TN = 36.9 K. Also, they
suggested for KOsO4 to be insulating. However, no detailed study on KOsO4 has been carried out in both theoretical and
experimental viewpoints. In this presentation we will address electric and magnetic properties of KOsO4 using first-principles
calculations. When considering only spin-orbit coupling (SOC), i.e., in the metallic state, all magnetic states in various spin
directions are nearly degenerate, indicating spin frustration in this distorted diamond structure as in spinel CdCr2O4. However,
inclusion of both SOC and correlation effects, which leads to being insulating at the critical on-site Coulomb repulsion U=2.5
eV, substantially lowers energy of G-type AFM in [100] spin direction. This indicates the possibility of frustration is
considerably relieved by the correlation effects. Most interestingly, in the state, the orbital moment of Os is large, a half of the
Os spin moment ~0.4 μB, though a conventional wisdom says negligible effects of SOC in eg systems. We will discuss on this
fact through analyzing occupation matrices and Wannier function techniques. Acknowledgements: This research was
supported by NRF-2013R1A1A2A10008946.

P1-D042*

First-Principle Study on Structural and Electronic Properties of Carbon Nanotubes

LEE YongJu, LEE Hayoung, KIM Cheol-woon, PARK Jejune, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Carbon nanotubes (CNTs) have been intensively investigated since they have been considered as building blocks of
nanoscience and nanotechnology. Theoretical and computational studies on CNTs have revealed their physical and chemical
properties and helped researchers build various experimental devices to study them in depth. However, there have been few
systematic studies on detailed changes in electronic structures of CNTs due to geometrical structure modifications. In this
regard, we use the first-principles density functional theory to perform systematic investigations of the modifications in the
electronic structures of various CNTs, while varying all the parameters related to their geometrical configurations. Our
investigations allow us to determine the “true” equilibrium structure of each CNT and its corresponding electronic structure.
Our results suggest that there is a significant coupling between electronic and geometric structures in CNTs implying that care
is required to select a CNT geometry for some modeling calculations.

P1-D043*
,

Research of Anisotropicity of Strip-Meatamaterial Using FEM Simulation

,
.
We calculate S and P polarized artificial electric metamaterial of two types using a commercial Finite Element Method
simulation software. We designed an anisotropic metal strip structure type and a bianisotropic metal strip structure type. Using
the periodic boundary condition, we simulate infinite array of unit cells filled with repeated patterns of our interest. We seek
for exhibition of electric response to varying dimension of metal strips. With calculated reflectance and transmittance, we
discuss the distinctive features of differently configured patterns with respect to the orientation of polarization of incident EM
wave.

P1-D044

,

First-principles study of MoS2-WSe2 layered structure

OH Sehoon, BAIK Seung Su, CHOI Hyoung Joon
Department of Physics, IPAP, and Center for Computational Studies of Advanced Electronic Material Properties, Yonsei
University, Seoul, Korea.
We study MoS2-WSe2 layered structure by using an ab-initio pseudopotential density-functional method. We determine the
lattice constants of the structure and the distance between MoS2 and WSe2 layers considering the energetics. We describe the
transport properties and device prospects of the structure using the calculated electronic structure considering doping levels in
MoS2 and WSe2 layers. This work was supported by NRF of KOREA (Grant No. 2011-0018306) and KISTI supercomputing
center (Project No. KSC-2013-C3-062).
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P1-D046

Electronic and magnetic properties of single-layer MoS2 on magnetic substrate: A first-

principles study
YUN Won Seok, LEE J.D.1
Dept. of Emerging Materials Science, DGIST & Center for X-ray Optics, Lawrence Berkeley National Laboratory. 1Dept. of
Emerging Materials Science, DGIST.
Layered two-dimensional materials are promising candidates for spin- and valley-based nanoelectronics. Recently, in
particular, considerable attention has been paid to the magnetic properties of molybdenum disulfide (MoS2) for the spintronic
applications, since it has semiconducting properties (unlike graphene) and become ferromagnetic in the several cases, such as
vacancy defect formation, adsorption or substitution of transition metal elements, and so on. Further, for a practical realization,
it is important to understand the spin injection and the transport properties at the interfaces between semiconducting MoS2 and
ferromagnetic metal electrode. Therefore, it is crucial to optimize the ferromagnetic contact to the single-layer (1L) MoS2. In
this work, based on the first-principles calculations, the electronic and magnetic properties of interface at semiconductor-metal
junctions which are quite relevant in the performances of future devices, are presented. Here, we concentrate on the interaction
between hexagonal 1L-MoS2 (with/without vacancy defect) on the fcc Ni(111) and the hcp Co(0001) surfaces. Detailed
discussion of these properties of 1L-MoS2 on magnetic substrates will be given.

P1-D047

Study of Layer-selective Half-metallicity in Multi-layer Graphene Nanoribbons

JEON Giwan, LEE Kyu Won, LEE Cheol Eui
Department of Physics, Korea University.
Zigzag graphene nanoribbons (ZGNRs) are receiving attention as carbon-based materials for spintronics applications due to
the spatial edge states. Since the revelation of half-metallicity in ZGNRs, we have studied angle dependency and layer
selectivity in bilayer ZGNRs with AB-β stacking forms by means of density functional theory (DFT) calculations. It is shown
that properly chosen electric field directions can reduce required field intensities and generate more current in selected layers.
In this work, we expand bilayer study to multi-layer ZGNRs and show that multi-layer ZGNRs also possess angle dependency
and layer selectivity as is the case in bilayer ZGNRs. * This work was supported by the National Research Foundation of
Korea (NRF-2010-0027963 and Cyclotron Users Program 2012029495).

P1-D048

Thickness effect on optical absorption spectra of MoS2: Study of GW+BSE

KIM Jongmin, LEE Kyuhwan, CHA Woongtak, HWANG Ho Jun, KIM Jung Gon, YUN Won Seok1, LEE J.D.
Department of Emerging Materials Science, DGIST. 1Department of Emerging Materials Science, DGIST & Center for X-ray
Optics, Lawrence Berkeley National Laboratory.
Extensive research has been devoted to two-dimensional transition metal dichalcogenides due to their promising potential
applications in electronics and optoelectronics. Especially, molybdenum disulfide (MoS2) has peculiar electronic and optical
properties. A single-layer MoS2 proves to be a direct gap semiconductor, whereas few-layer or bulk an indirect gap. However,
in spite of a number of studies performed, the optical properties of single- or few-layer MoS2 are not fully understood yet. In
this work, we present the first-principles calculation on the optical absorption spectra of single-layer, double-layer, and bulk
MoS2 including spin-orbit coupling. In order to investigate the optical absorption spectra of these systems, we have considered
Green’s function perturbation theory (GW) based on the many body effect and Bethe-Salpeter equation (BSE), as well as
electron-hole pair interaction through the first-principles calculation. Since density functional theory alone does not lead to the
excited state properties, the state-of-the-art GW+BSE is the emerging and promising. Detailed discussion on the thicknessdependent electronic and optical properties of MoS2 will be given.
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P2-D050*

Role of Strain on structural and electrical properties of naturally bent VO2 nanowires

,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
Vanadium dioxide (VO2) undergoes a metal-insulator transition, in which the strain condition plays an important role. In this
study, we demonstrate that the strain in bent VO2 nanowires may have a strong effect on the appearance and thermal stability
of metastable M2 phase as well as on the spatial distribution of insulating and metallic domains during structural phase
transitions by Raman study. We found that the strain induced in curved 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 electrical transport studies to understand the electrical properties by
scanning out the resistivity difference originated in M1 and M2 phase 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.

P2-D051*

Ab initio Study on Amorphization of Ge2Sb2Te5 and GeTe

PARK Hanjin, KIM Cheol-Woon, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Using ab inito density functional calculations, we investigate disordered amorphous phases of GeTe and Ge_{2}Sb_{2}Te_
{5} which can be used for phase change random access memory. Since there is an issue of whether semi-core d orbitals should
be included or excluded in their pseudopotentials, we first test various pseudopotentials with or without d orbitals by
comparing the calculated crystalline phases and the electronic structures of these composition with experimental data
available, and accordingly select a suitable pseudopotential for each material. To obtain their disordered amorphous structures,
we perform molecular dynamics simulations with various different steps including pre-melting at extremely high temperature
and low gravimetric density, quenching process to room temperature and equilibration. Through these steps, we are able to
obtain many disordered amorphous phases, among which we identify a few equilibrium amorphous structures, which have
relatively lower energy. Furthermore, we evaluate the radial distribution function of these materials and analyze the
characteristics of atomic structures that distinguish from their crystalline counterparts.

P2-D052*

Fabrication of Graphene Devices for the Measurement of Specular Andreev Reflection

JANG Seong, KIM Eunseong
Center for Supersolid & Quantum Matter Research and Department of Physics, KAIST.
Even though Andreev reflection in graphene [1] attracted much attention due to its specular aspect which is fundamentally
different from other materials, no direct experimental evidence has shown so far. Recently, it is predicted that the period of
magneto-resistance oscillation in a ring- shaped graphene can distinguish the type of Andreev reflection in a device. [2] We
fabricated a graphene device on boron nitride crystal in order to avoid charge inhomogeneity and low mobility in the device,
which allows comparable transport properties to that of suspended graphene. [3] Graphene on BN is a promising design
because BN crystal can support a narrow and punched graphene device which easily collapses in a suspended structure. We
will report how to fabricate this device with electron beam lithography and plasma etching.

P2-D053*

Robust Excitonic Insulating Phase in Atomically-thin Ta2NiSe5 Nanosheets

KIM So Young, KIM Young Wook, EOM Man Jin, KANG Chang Jong, LEE Min Kyung1, CHOI H. C.1, MIN B. I., KIM Jun
Sung
Department of Physics, Pohang University of Science and Technology, Korea. 1Department of Chemistry, Pohang University
of Science and Technology, Korea.
Ta2NiSe5 is a layered ternary chalcogenide where the layers containing the Ni single chains and the Ta double chains are
stacked by van der Waals interaction. The monoclinic-to-orthorhombic structural transition at ~ 328 K is induced by the
coherent formation of electron-hole bound state, known as the excitonic insulating phase. Here, we investigate thickness
dependence of the transport and Raman properties of Ta2NiSe5 nanosheet. As the thickness is reduced down to the 3-unit-cell,
the phase transition, determined by the resistance anomaly, remains almost intact with slight reduction of the ordering
temperature. This contrasts to the charge-density-wave state in e.g. metal chalcogenides, whose ordering temperature is known
to be sensitive to the thickness. Raman spectroscopy also reveals that the phonon-modes show negligible or weak thickness
dependence. The robust excitonic insulating phase even in atomically-thin Ta2NiSe5 is attributed to their direct band gap and
the absence of the long-range order.

P2-D054*

Simultaneous Measurement of Dynamic and Static Forces by a Hybrid AFM-MEMS
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P2-D055*

The electrical characteristics of ambi-polar carbon nanotube transistors with different
Fermi level pinning to the metal electrode
,

,

,

1

1

.
.
We modified the electrical properties of carbon nanotube(CNT) field
effect transistors(FETs) by varying the Fermi level pinning position to
the metal electrode. By changing the work function of metal electrode
widely, we obtained the n-, p-, and ambi-polar type FETs with the same
CNT conducting channel. In the case of ambi-polar type transistors, the
gate response presents completely different shapes in n- and p-branch. In
the n-type branch, the conductance of nanotube is relatively high and
smooth gate response curve is obtained. In the p-type branch, the
conductance of nanotube is smaller than that of n-branch and shows a
clear oscillatory gate response curve at low temperatures due to the
formation of a quantum dot. As the gate bias voltage changes the size of
quantum dot by varying the width and depth of band inversion in the conducting channel defined by the p-n junctions formed
near the contacts. We will present the formation of variable size quantum dot in the semiconducting nanotube channel and
analyze the various gate response curves in terms of the Fermi level pinning and band inversion.

P2-D056*

The study of electro-mechanical properties based on RuO2 metallic nanowire switching

device
YOON Ho Ang, KIM Hakseong, LEE Sang Wook, PARK Jong Hyuk1
Division of Quantum Phase and Device, School of Physics, Konkuk University. 1Electronics and Telecommunications
Research Institute.
Electro mechanical properties of suspended RuO2 nanowire were investigated. Single and double clamped suspended RuO2
nanowire structures were prepared using combination of standard lithography technique and micro contact transfer method.
For estimating Young’s modulus of RuO2 nanowire, we performed quasi-static measurement using AFM and dynamic flexural
measurement using optical interferometry method. We compared the estimated Young’s moduli from each
measurement. Switching performance was characterized by measuring current flow between source and contact electrode. In
this presentation, we will show material properties of RuO2 nanowire and mechanically acting chemically stable switching
device

P2-D057*

Thickness and resonance effect on Raman and PL spectra of MoS2 thin films

CHEONG Hyeonsik, PARK Jaesung, LEE Jae-Ung
Department of Physics, Sogang University.
We measured Raman and photoluminescence (PL) spectra of MoS2 thin films up to 10-trilayers with 4 different excitation
energies; 2.81, 2.41, 2.33 and 1.96 eV. The number of trilayers is confirmed by atomic force microscope (AFM) with the
thickness of a single trilayer MoS2 (0.7 nm) as a reference. In the Raman spectra, we observed two most well-known peaks for
the E12g and A1g vibrational modes which are very useful to distinguish the number of trilayers regardless of excitation energy
[1]. In addition, there are small peaks from various vibrational modes whose shapes change depending on the excitation
energy. With the excitation energy of 1.96 eV, additional peaks appear due to resonance. In the low-frequency region
(<100cm-1), we observed shear and breathing modes with two different excitation energies (1.96 and 2.41 eV). Because these
modes are related to interlayer interactions, it can be a very powerful tool to determine the thickness of MoS2 thin films [2].
We investigated the variation of these peaks as a function of thickness. In the PL spectra, due to a direct-indirect band gap
transition, we observed the shift of peaks from 1.6 eV to 1.3 eV depending on the thickness [3]. These thickness dependent
spectroscopic features reflect the changes of phonon and electronic structures in MoS2 thin films.
[1] Changgu Lee et al, ACS nano. 4, 2695(2010).
[2] Yanyuan Zhao et al, Nano Lett. 13(3), 1007(2013).
[3] Kin Fai Mak et al, Phys. Rev. Lett. 105, 136805(2010).

P2-D058*

Transport Measurements On Spin Helical Mode Of Topological Insulator
Bi1.5Sb0.5Te1.7Se1.3
KIM MINSOO, PARK JOONBUM, YUN-SOK SHIN, JUN SUNG KIM, HU-JONG LEE
Department of Physics, Pohang University of Science and Technology, Korea.
The discovery of topological insulators has attracted wide interest due to the unusual surface momentum-spin-locked
environment, so-called helicity, providing a rich ground for new phenomena. Here, we report the signature of spin helicity in
exfoliated thin topological insulator Bi1.5Sb0.5Te1.7Se1.3 by four-probe measurements with two non-magnetic electrodes for
dc current injection, one magnetic electrode and one non-magnetic electrode as a detector for observing spin information of the
surface state on the topological insulator. The conductance shows clear hysteresis with applying in-plane magnetic field along
the easy axis of the ferromagnetic electrode, and its direction is also reversed with reversing the direction of the dc current
flowing through the surface of the topological insulator. Furthermore, we examined this hysteretic behavior also with the
nonlocal geometry and temperature. Our preliminary results indicate that topological insulator is a good candidate for the
future spintronic device applications.
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Raman spectroscopy of GaAs/AlGaAs solar cells
1,

,
.

P2-D060*

1

1,

2

.

2

.

Proving Point Defects of CVD Graphene

LEE Young Hee, KIM Taesoo, DUONG Dinh Loc, NGUYEN Van Luan, YOON Seokjoon
IBS
.
Ever since graphene was discovered , it has played significant role as an alternative material for nanodevices, sensors and any
other application due to its super conductivity, flexibility, transparency, and high carrier mobility for a decade. Among several
methods for preparing graphene, the CVD (chemical vapor deposition) process which adopt transition metal as a substrate, is
widely used to achieve large area and monolayer graphene for electronics applications. Despite its advantages of CVD grown
graphene, there are still some obstacles to overcome such as uniformity, wrinkles, and defects etc. Defects on the graphene are
one of the biggest issues to be solved for enhancing carrier mobility or controlling carrier scattering.

P2-D061*
SEONG Jaegu, HONG Changki, CHUNG Yunchul
Department of Physics, Pusan National University.
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P2-D063*

Interlayer breathing and shear mode of graphene and MoS2

CHEONG Hyeonsik, LEE Jae-Ung, NGUYEN The An, PARK Jaesung
Department of Physics, Sogang University.
The interlayer breathing and shear modes are useful to study the fundamental interlayer interactions in layered materials.
Recent studies have shown that at low-frequency ranges, rigid interlayer vibrations including shear and breathing modes are
present for few-layer MoS2.[1] In the case of graphene, interlayer shear modes are present at the low-frequency range also,[2]
but the breathing modes are inactive. With the help of double resonant Raman process, we could investigate the breathing
modes called N and M modes. We performed ultra-low frequency (<100 cm−1) Raman measurements using volume
holographic Bragg gratings. In conventional single-grating Raman system, the accessible frequency is typically limited to >100
cm−1. Recently, ultralow-frequency notch filters are developed using volume holographic Bragg gratings.[3] This new
technology provides a more efficient way to explore the low-frequency range down to ~5 cm−1. By investigating these rigid
vibrations with several excitation energies, we can probe the fundamental interlayer interactions of graphene and MoS2. The
interlayer breathing and shear modes are investigated up to 8 layers for graphene and 10 layers for MoS2. References[1] Y.
Zhao et al., Nano Letters, 13(3), 1007 (2013)[2] P. H. Tan et al., Nature Materials, 11(4), 294 (2012)[3] C. Moser, and F.
Havermeyer, Applied Physics B: Lasers and Optics, 95, 597 (2009)
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Magnetic field effect on single-electron pump
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We have investigated quantum dot (QD)-based single parameter charge pumps fabricated on a GaAs/AlGaAs two dimensional
electron gas (2DEG) system, where the QD was defined by a pair of quantum point contacts (QPCs). Single electron pumped
from a QD synchronized with a frequency (f) produce quantized current plateau steps, satisfying the relation of In=nef, where n
is the number of electrons pumped per cycle of microwave (MW), e is the elementary charge and f is a frequency of applied
MW. The d2 is a fitting parameter which is related to the flatness of quantized current plateaus in so-called "decay-cascade
model". d2 describes the ratio of decay rates between ground and excited states, which is proportional to the length of 1st
current plateau. Thus, d2 is accepted as a figure of merit of the pump representing the flatness of the plateau. In order to
increase d2, we increase the physical parameter values, such as charging energy, the height and the thickness of the potential
barrier of the QD by properly tuning the QPC gates. Furthermore, we study the magnetic field effects on these physical
parameter values in relation with Quantum Hall edge states and wave function shrinkage phenomena. We believe that our
device has a potential to open a new route towards the closure of the quantum metrology triangle.

P2-D066*

Quantum Hall effect in graphene decorated with disordered multilayer patches

NAM Youngwoo, SUN Jie1, LINDVALL Niclas1, YANG Seung Jae2, KIREEV Dmitry1, PARK Chong Rae2, PARK Yung
Woo, YURGENS August1
Seoul National University, Department of Physics and Astronomy. 1Chalmers University of Technology, Department of
Microtechnology and Nanoscience. 2Seoul National University. Department of Materials Science and Engineering.
Quantum Hall effect (QHE) is observed in graphene grown by chemical vapour deposition using platinum catalyst. The QHE
is even seen in samples which are irregularly decorated with disordered multilayer graphene patches and have very low
mobility (<500 cm2V−1s−1). The effect does not seem to depend on electronic mobility and uniformity of the resulting
material, which indicates the robustness of QHE in graphene.

P2-D067*

Search for Superconducting Proximity Effect of Graphene in Quantum-Hall Regime

PARK GEON-HYOUNG, LEE GIL-HO, SHIN YUN-SOK, LEE HU-JONG
Department of Physics, Pohang University of Science and Technology, Pohang 790-784.
Graphene, a monolayer of graphite, has fascinating features such as high mobility, gate-tunability, and linear energy dispersion
(so-called Dirac cone) for half-integer quantum Hall effect. Graphene is also suitable for proximity contact with metallic
electrodes. In this study, we investigated the superconducting proximity effect of graphene in the quantum Hall regime.
Niobium (Nb) is used as superconducting electrodes in ohmic contact with a graphene sheet because the superconductivity of
Nb (critical field, Hc2 ~ 4 T) can survive in the quantum Hall regime of high-mobility graphene [1]. We fabricated four Nbgraphene-Nb junctions with various values of gap sizes and mobility, and characterized electrical properties of them at the base
temperature of 200 mK. Proximity contact between Nb and graphene is confirmed by observing a Josephson supercurrent in
Nb-graphene-Nb junctions. Fan diagram of the graphene (conductance of graphene as a function of gate voltage and magnetic
field) shows clear quantum Hall states in a high magnetic field of ~ 9 T and the quantum Hall states survive with lowering
field even below Hc2 ~ 3.2 T. Nevertheless, the Nb-graphene-Nb junctions show no clear superconducting proximity effect in
the quantum Hall regime, which presumably results from the non-ideal Nb/graphene interface or too low carrier mobility in
graphene for a ballistic motion. Studies are under way to fabricate high-mobility graphene Josephson junctions with very clean
interface by encapsulating the graphene layer between hexagonal-boron-nitride crystalline substrates[2]. References: [1] P.
Rickaus et al., Nano Letters, 12, 1942 (2012). [2] L. Wang et al., Science, 342, 614 (2013)

P2-D068*

Spin-orbit Interaction and Spin-polarization by Aharonov-Bohm Effect in Carbon

Nanotubes
UHM Tae Woo, KIM Sung Won, YOU Young Gyu, KIM Hakseong, YUN Hoyeol, YOON Ho Ang, LEE Sang Wook,
JHANG Sung Ho
Division of Quantum Phases and Devices, School of Physics, Konkuk University.
In this poster, we present our current research to achieve very high degrees of spin-polarization by exploiting spin-orbit
interaction (SOI) in carbon nanotubes (CNTs). Whereas in a flat graphene the spin-orbit interaction is very weak, the
geometric curvature in CNTs enhances the effective strength of SOI by several orders of magnitude. Here we propose an idea
to manipulate spin-split subbands of CNTs, resulting from the SOI, by using a magnetic field parallel to the tube axis. Because
of the contribution of Aharonov-Bohm phase to the boundary condition along the tube circumference, the spin-split subbands
can be shifted to cross the Dirac point of graphene at a specific magnetic field, possibly leading to a complete spin-polarization
of transmitted channels in CNTs. Since the strength of the SOI of a specific CNT is determined by the tube diameter and the
chirality, combined study of magneto-transport and structural information of CNTs are necessary to achieve a spin-polarized
current at a relatively smaller magnetic field. Here, the structural information of the CNTs is studied by Raman spectroscopy
and Atomic Force Microscope. And the magneto-transport study is presented.
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P2-D072

Graphene growth on copper substrates by chemical vapor deposition

CHO Sangmo, KANG Yura, NAM Jungtae, KIM Keunsoo, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
Graphene, which is a 2-dimensional carbon material, has been attracting great interest due to its superior electrical, optical
and thermal properties. Various synthesis methods of graphene such as mechanical exfoliation, thermal decomposition of SiC,
chemical vapor deposition (CVD) have been tried so far. Among these, the CVD method is widely used to produce highquality and large-scale graphene. In the CVD process, copper is an especially important catalytic-substrate due to the fact that
graphene films grown on Cu foils are predominantly one monolayer thick. In this study, we has grown graphene on several
types of copper substrates: Cu foils and copper single crystal surfaces such as Cu(100) and Cu(111) are chosen. To investigate
the differences between graphene growth modes depending on the substrates, we use Raman spectroscopy, X-ray Diffraction
and atomic force microscopy. Details of the experimental results will be presented.

P2-D073
,

Graphite ended-contacts for Graphene Nano Ribbon Field Effect Transistor
,

.
Ohmic contact for graphene nanoribbon field-effect transistors (GNRFETs) has been a key issue in graphene community.
Here, we introduce a new method to make graphite contacts to GNRFETs, so-called a "layer-peeling technique" with a bowtietyped multilayer graphene geometry. The local hot spot at the middle of the sample under high bias voltages successively peels
the graphene layer one by one from the top to bottom. Here, the peeling speed is controlled by a programmable PID technique
incorporated into a voltage bias, leaving a single-layer GNR with large multilayer graphene ended-contacts. This atomically
formed 3D-(quasi)1D contacts could provide an insight to understand how electric carriers travel cross the different
dimensions.

P2-D074

Oscillator dynamics of a resonator coupled to a nanospin in the presence of magnetic field
along the hard axis
KIM Gwang-Hee
Dept. of Physics, Sejong University.
Considering a nanospin containing a torsional resonator, we study the spin and oscillator dynamics in the presence of
magnetic field along the hard axis. Introducing two-level spin system and harmonics oscillators, we perform numerical
diagonalization of the effective Hamiltonian and present multiple spin transitions depending on the coupling parameters and
the external field.

P2-D075

Transition Metal Nanoparticles Surrounded by Carbon Layers

JANG youngrae
KAERI, Neutron Science Division.
Transition metal nanoparticles (TMNPs) have attracted much attention owing to their unique properties which facilitate their
application in a wide variety of fields from material science to engineering such as sensors, fuel cells, drug delivery, and
catalysis. TMNPs are clusters containing from a few tens to several thousand metal atoms, but the most active in catalysis
contain a few tens to a few hundred atoms, i.e. they are less than ten nanometers in diameter. TMNPs could be stabilized by
ligands, surfactants, polymers or dendrimers, etc. protecting their surfaces. Carbon layer coated TMNPs were fabricated by
using laser ablation technique, and their sizes and structures were analyzed by transmission electron microscopy.

P2-D076

Nonlinear Oscillaton and Direct Energy Transfer via Mechaniacl Mode Coupling by

Strong Driving.
SHIM Seung-Bo, KIM Sang Goon1, CHO Sungwan2
KRISS(Korea Research Institute of Standards and Science). 1KRISS, CNU (Chungnam National University). 2KRISS.
We present investigation of strong nonlinear oscillation and energy transfer between two different mechanical modes by mode
couping. Mechanical vibrational energy of fundamental mode in nanomechanical resonator can be spontaneously transferred to
seconde mode driven by electrical field gradient without assistance of other technique such as sideband pumping in case of
strong driving. Here, the mechanical resonator was fabricated with high-stress silicon nitride thin film. Due to the high-stress
of silicon nitride film and frequency tuning, the second mode resonant frequency ( 2f 0 ) become close to the integer multiple
of fundamental one ( f 0). In this case, spontaneous energy transfer by mode coupling can occur with direct driving near
resonant frequency of fundamental mode. We monitored the energy transfer process with spectrum analyzer while driving and
recording the response of fundamental mode of mechanical resonator using network analyzer.

P2-D077
,
POSTECH,

Progress report on the realization of Veselago's lens with high mobility graphene
,

,

,

.

We report on the recent progress on the electric current focusing by p-n junctions (PNJs) in the high mobility
monolayer graphene. Given a peculiar band structure of the graphene, the transmission of electrons through the PNJ was
predicted to be similar to the refraction of the light at the boundary of metamaterials which has negative refractive index.
Furthermore, electrons can be refocused into a single point with successive n-p and p-n junctions, which demonstrates
Veselago’s lens for the electrons. However, for the observation of such novel features of electron optics, electrons in the
graphene should exhibit ballistic transport where the electrons hardly get scattered by the impurities during the transport. In
this presentation, we will introduce the high-yield dry-transfer technique to fabricate fully ballistic graphene devices
encapsulated by hexagonal boron nitrides. We will present the promising experimental signatures we measured for the
Veselago’s lensing in various types of p-n-p heterostructures. We will also discuss about the future plans for the improvement
and clear confirmation of Veselago’s lens, including optimization of geometrical structures of the devices and the sharpening
of electric potential at the PNJs.

P2-D078

Achieving Robust n-type Nitrogen-doped graphene via a Binary-doping approach

KIM Yong-Hoon, KIM Hyo Seok, KIM Seong Sik, KIM Han Seul
KAIST, Graduate School of EEWS.
Among various dopant candidates, nitrogen (N) atoms are considered as the most effective dopants to improve the diverse
properties of graphene. Unfortunately, recent experimental and theoretical studies have revealed that different N-doped
graphene (NGR) conformations can result in both p- and n-type characters depending on the bonding nature of N atoms
(substitutional, pyridinic, pyrrolic, and nitrilic). To overcome this obstacle in achieving reliable graphene doping, we have
carried out density functional theory calculations and explored the feasibility of converting p-type NGRs into n-type by
introducing additional dopant candidates atoms (B, C, O, F, Al, Si, P, S, and Cl). Evaluating the relative formation energies of
various binary-doped NGRs and the change in their electronic structure, we conclude that B and P atoms are promising
candidates to achieve robust n-type NGRs. The origin of such p- to n-type change is analyzed based on the crystal orbital
Hamiltonian population analysis. Implications of our findings in the context of electronic and energy device applications will
be also discussed.
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Ballistic thermoelectric transport in InAs nanowire
1,
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We have studied about thermoelectric power (TEP) or Seebeck coefficient in n-typed InAs nanowire field effect
transistors. The TEP measured at T ~ 30 K is increased with negatively increasing gate voltage, which also showed
several locally enhanced TEPs. With considering the density of states (DOS) of a one-dimensional (1D) quantum
channel, locally enhanced TEPs with varying gate voltages could be related to the van-Hove singularities in the
DOS. This assumption is supported by the observed quantized conductance behavior as a function of gate voltage
and simple calculations based on the quantum confinement model in the cylindrical quantum channel in a ballistic
limit. While believed that low-dimensional systems with enhanced local DOS lead to a practical thermoelectric
application for a half-century, our finding on a correlation between the TEP and the 1D-DOS in a ballistic regime
provides another chance to realize such system.

P2-D081
,

Ballistic-diffusive crossover in InAs Nanowires field-effect transistor
1,

,

2,

1

. 1
. 2
.
We have examined the length-dependent mobility (μ) in InAs nanowire field-effect transistors with various channel length (L)
from 0.2 μm to 3 μm at T ~ 100 K. The intrinsic μ considering the contact resistance shows a length-dependence, i.e., μ is
suppressed with shorter channel. The channel-dependent μ is explained by a quasi-ballistic model: 1/μ = (1/μdiff +1/μball),
where μdiff (~3000 cm2/Vs) is the diffusive mobility, μball (=μdiff ×L/λ) the ballistic mobility and λ (~1 μm) the carrier mean free
path. In addition, the total resistance is saturated to a certain value from L ~ 1 μm with decreasing L, which is consistent to λ
obtained from the mobility analysis. We also found that the contact resistance has also a quasi-ballistic character. Our lengthscaling study on the InAs nanowire devices will provide valuable information to develop future quantum devices based on the
semiconducting nanowires.

P2-D082

Fabrication of a graphene nano-ribbon quantum dot device

,
Center for Supersolid & Quantum Matter Research and Department of Physics, KAIST.
Graphene’s unusual electronic structure enables it to produce remarkable quantum effects.[1] We will present the preliminary
report on the transport property of the suspended graphene nano-ribbon(GNR) quantum dot(QD) device down to dilution
refrigerator temperature. This GNR QD device was fabricated to realize an ideal probe to investigate Kondo physics in
graphene. [1] K. S. Novoselov, et al. Nature 438, 197-200 (2005)

P2-D083

First-principles study of defect structures of hexagonal boron nitride sheet

RYOU Junga, PARK Jinwoo, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University.

Hexagonal boron nitride (h-BN) sheet is a 2D material and it has attractive physical properties in relation
to the application of nanodevice using graphene sheet. However, a single layer of h-BN has a wide band
gap unlike graphene. Recently, researchers observed atomic defect structures with triangle shape in a
free-standing h-BN sheet and experimental data showed that triangle defect structures maintain
their shape when the defect structures grow in the sheet. To study the defect structures of h-BN sheet, we
have performed density functional theory calculations.
We calculate total energies of several defect structures with triangular shape in single h-BN sheet and we
find that the most stable stucture has nitrogen-terminated zigzag-type edges. Then, by removing a
boron/nitrogen atom or boron-nitrogen pair or add the impurity atom at edges of defect structures in the
sheet, we investigate the electronic structures of several possible defect structures of h-BN.
On the basis of the theoretical results, we discuss the growth of defect structures of single h-BN sheet.

P2-D084

Investigation of Dielectric Function of Graphene in Hubbard Model

SOLTANI Shoresh, KIM Changyoung
Institute of Physics and Applied Physics, Yonsei University.
We have calculated dielectric function of graphene by exerting Polarization and exchange corrections to the local Field
Random phase approximation (RPA) method. Obtained results have been Our Compared with those from RPA [PRB 75,
205,418 (2007)]. We show that including the Field hubbard local corrections (HLFC) Due to the short range exchange
interactions but decreases Overall plasmon energies is Not Changed behavior of the Spectrum. It shows that in graphene These
are Small Effects. Slightly Also with Respect to RPA dielectric function is modified.

P2-D085

Reduction of Graphene Oxide Films Using Plasma Treatment

LEE Sung-Youp, PARK Jung-Il, LEE Hyeong-Rag
Kyungpook National University, Department of Physics.
In this study, we produced reduced graphene oxide (rGO) films using plasma treatment. GO thin films were coated on glass
substrates by using spin coating of aqueous GO solution. Then, RF plasma exposure was carried out in a plasma enhanced
chemical vapor deposition system with a parallel plate diode type chamber. Ammonia and methane were used as plasma
source gases. To investigate the efftcts of plasma treatment on GO films and the capability of transparent electrode application,
we analyzed surface resistivity, optical transmittance, and surface roughness. Also, carrier concentration of rGO films were
measured to compare the effects of ammonia plasma with those of methane plasma.
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P2-D088*

Optical Properties of Transparent Perovskite Tin Oxides

HA Taewoo, KIM Useong1, PARK Byung Cheol, SIM Kyung Ik, CHAR Kookrin1, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea. 1Center for
Strongly Correlated Materials Research, Department of Physics and Astronomy, Seoul National University, Seoul 151-747,
Republic of Korea.
We have investigated the free electron behavior of transparent conducting oxide (TCO) thin films of Ba0.96La0.04SnO3
(BLSO) and BaSb0.05Sn0.95O3 (BSSO) grown on SrTiO3 substrates by pulsed laser deposition, using Terahertz Spectroscopy,
Spectroscopic Ellipsometry(SE) and Fourier Transform Infrared Spectroscopy (FTIR). The real part of the conductivity of
BLSO exhibits more pronounced metallic behavior than BSSO does in the terahertz region. In contrast to the effective mass
(m*) that was obtained by a Drude-Lorentz model fitting, the scattering rate (γ) showed a large difference. We demonstrate the
mobility difference between BLSO and BSSO depends more on scattering rate (γ) than on the effective mass (m*).

P2-D089*

Path-integral Monte Carlo Study of 4He Adlayers on the C36 Molecules.

KWON Yongkyung, KIM byeongjoon
konkuk university , school of physics.
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P2-D090*

Effects of Hole Doping on Magnetic and Lattice Excitations in Sr2Ir1−xRuxO4 (x = 0–0.2)

CHOI K.-Y., LEE W.-J., LEE S.H., GLAMAZDA A., LEMMENS P.1, CHOI H. Y.2, LEE N.2, CHOI Y. J.2
Chung-Ang University, Dept. of Physics. 1TU Braunschweig, IKMP. 2Yonsei University, Dept. of Physics and IPAP.
Raman scattering is employed to explore the effects of hole doping in single crystals of Sr2Ir1−xRuxO4
(x = 0, 0.01, 0.03, 0.05, 0.1, and 0.2). Introducing a few percentages of holes has a strong impact on magnetic excitations and
lattice dynamics. With increasing x the well structured two-magnon continuum turns into diffusive magnetic scattering while
one- and two-phonon scatterings are rapidly suppressed. Remarkably,
the two Ir(Ru)-O-Ir(Ru) bond angle modes with different Ir(Ru)O6 octahedral rotations coexist and compete upon hole doping.
This is ascribed to the difference of electronic properties between Ir4+ and Ru4+ ions. The doping and temperature
dependence of the bond angle modes suggests that an electronically phase separated
state develops upon Ru doping.

P2-D091*

Effects of Ruthenium doping on electronic transport properties in Jeff=1/2 Mott insulator

Sr2IrO4
HONG Y.J, CHOI Hwan Young1, LEE Nara1, CHOI Young Jai1, JO Y.J
Department of Physics, Kyunpook National University, Daegu, Korea. 1Department of Physics and IPAP, Yonsei University,
Seoul 120-749, Korea.
Strontium iridate(Sr2IrO4) is a fascinating compound to understand physical properties of Jeff=1/2 Mott insulator. These
novel properties are based on strong Spin-Orbit Coupling(SOC) which is not easy to be seen in the 3d and 4d transition metal
oxides. Electronic and magnetic properties of Sr2IrO4 can be changed by a lot of factors such as applying strain or doping
other elements. In this study, we measured the electronic transport properties of Sr2Ir1-xRuxO4 derived from the effects of
doping Ru element. With controlling the polar angle(θ) along the c-axis, the anisotropy of resistivity was observed between the
out-of-plane and the in-plane direction. In addition, the different trends of angle dependent magnetoresistance(AMR) were
observed depending on concentration of Ru doped. With increasing Ru concentration up to 10%, both phase transition
temperature and degree of AMR were reduced.

P2-D092*

Electronic structure and Magnetic Property of Iridate Superlattice SrIrO$_3$/SrTiO$_3$

KIM Kang-Hwan, KIM Heung-Sik, HAN Myung Joon
KAIST, Department of Physics.

The spin-orbital entangled $j_{\rm eff}$ states induced by strong spin-orbit coupling (SOC) have been actively studied.
Iridium oxide compounds are of special interest due to the fact that the SOC happens to be in a size comparable to other atomic
energy scales, such as U and J. According to the recent report by Matsuno et al., the controlled and systematic changes are
found in [SrIrO$_3$]$_m$/[SrTiO$_3$]$_1$ ([SIO]$_m$/[STO]$_1$) as a function of SIO layer thickness, m.
To understand its electronic structure and magnetic property, we performed first-principle band structure calculations for [SIO]
$_1$/[STO]$_1$. Heterostructuring causes SrIrO$_3$ to become Sr$_2$IrO$_4$-like, and the system has the well-defined $j_
{\rm eff}$ = 1/2 states near the Fermi level as well as the canted antiferromagnetic order within the quasi-two-dimensional
IrO$_2$ plane. In response to a tensile strain, the band gap is increased due to the bandwidth reduction and the bond length
increase. The ground state magnetic properties are discussed in comparison to the metastable collinear antiferromagnetic state.

References
[1] Jobu Matsuno, Kota Ihara, Shugen Yamamura, Hiroki Wadati, Kenji Ishii, V. Vijay Shankar, Hae-Young Kee, and
Hidenori Takagi, arXiv:1401.1066 (2014)
[2] Kang-Hwan Kim, Heung-Sik Kim and Myung Joon Han, arXiv:1402.2503
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X-ray microdiffraction study of structural change of (1-x)(Bi0.5Na0.5)TiO3-xBaTiO3 caused

by composition ratio change
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P2-D094*

Coexistence of spin freezing and spin liquid in the 2D triangular lattice Ba3(Ru,Ir)Ti2O9

CHOI K.-Y., DO S. H., LEE W. J., LEE S. H., YOON S. W.1, SUH B. J.1, JANG Z.H.2, CHOI E. S.3
Chung-Ang University, Dept. of Physics. 1The Catholic University, Dept. of Physics. 2Kookmin University, Dept. of
Physics. 3FSU, NHMFL.
We present sample synthesis, dc and ac magnetic susceptibility, high-field magnetization, and muon spin resonance
measurements of the 6H-perovskite compounds Ba3Ru1-xIrxTi2O9. This family realizes a layered triangular lattice and is
regarded as a candidate for spin liquids. The end members Ba3IrTi2O9 (5d; Jeff = 1/2) and Ba3RuTi2O9 (4d; S=1) show no hint
of magnetic ordering down to 1.8 K whereas dc susceptibilities exhibit a splitting between ZFC and FC data, indicating a
glasslike transition. However, an exact nature of ground state has not been yet clarified. With this in mind, we synthesized a
series of Ba3Ru1-xIrxTi2O9 by tuning spin-orbit coupling. A Curie-Weiss temperature varies systematically Θ=-130 K to -195
K with x. High field magnetization of x=0 reveals the presence of 10% site disorders between Ti4+ and Ru4+ ions. ac magnetic
susceptibility data show a spin freezing-like transition at 72mK for x=0 and the critical temperature increases with x. ZF- and
LF-muSR measurements show that static and dynamic spin fluctuations coexist down to 20 mK and muon relaxation rate
saturates below 1 K. All these results suggest that spin liquids are intrinsic to 4d/5d triangular lattices while spin freezing is
induced by site disorders.

P2-D095*

Commensurate-Incommensurate Solid Transition In The 4He Monolayer On a Single γ-

graphyne Sheet
AHN Jeonghwan, LEE Hoonkyung, KWON Yongkyung
.
We have performed path-integral Monte Carlo calculation to study 4He adsorption on a single γ-graphyne sheet which consists
of sp- and sp2- bonded carbon atoms. Assuming 4He-substrate interaction described by a pairwise sum of empirical heliumcarbon interatomic potentials, we find that unlike α-graphyne [1], a single sheet of γ-graphyne is not permeable to 4He atoms
in spite of its larger surface area than graphene. One-dimensional density distributions as a function of the distance from the
graphyne surface show layer-by-layer growth of 4He. Partially-filled 4He monolayers are found to exhibit different
commensurate solids depending on the helium coverage; it shows a C2/2 commensurate structure at the areal density of
0.0491

-2,

a C3/2 structure at 0.0736

-2,

and a C4/2 structure at 0.0982

-2.

After going through various domain structures,

the 4He monolayer is completed at the areal density of 0.110 -2 where 4He adatoms form an incommensurate triangular solid.
Possible superfluid response of the 4He monolayer on γ-graphyne is now under investigation.
[1] Y. Kwon, H. Shin, and H. Lee, Phys. Rev. B 88, 201403(R) (2013).

P2-D096*

Magnetic Dynamic Phase Diagram of Y-type Hexaferrite Ba0.5Sr1.5Zn2Fe12O22 Using

Ferromagnetic Resonance
KIM Nam-Hui, CHO Jaehun, YOON Jungbum, SONG Kimyung, HUR
Namjung, YOU Chun-Yeol, PARK Seung-Young1, JUNG MyungHwa2, HIRAOKA Yuji3, SUZUKI Yoshishige3
Inha University, Department of Physics. 1Korea Basic Science Institute,
Division of Materials Science. 2Sogang University, Department of
Physics. 3Osaka University, Department of Materials Engineering
Science.
Magnetoelectric multiferroics were recently revived actively owing to
discoveries of remarkable magnetoelectric response in various frustrated
magnets where their ferroelectricity is induced by complex spin
structures[1,2,3]. Specially, hexaferrites have attracted considerable
interests as the variety of structural and chemical variations which
enable a large degree of flexibility in their magnetic phases. In this
study, single crystals of Ba0.5Sr1.5Zn2Fe12O22 are grown from Na2OFe2O3 flux and we employed vector network analyzer ferromagnetic resonance (VNA-FMR) to confirm the known magnetic
phase diagram of Ba0.5Sr1.5Zn2Fe12O22. By employing the VNA-FMR analysis, we found new magnetic dynamic phases
within the intermediate-II state and the two phases (intermediate-IIA and –IIB) show distinguishable VNA-FMR spectrain
100K as shown Fig.1.

P2-D097*

Momentum Dependent Observation of Band Width Controlled Charge-transfer Transition

on NiS2-xSex
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Understanding the strong correlated system is one of the most challenging tasks in condensed matter physics. Especially, the
insulator metal transition (IMT) has been one of the major topics recent few decades. NiS2-xSex is known as one of famous
material which has IMT. The cubic pyrite NiS2 is a charge-transfer (CT) insulator. NiS2 attracts particular interest as it easily
forms a solid solution with NiSe2 (NiS2-xSex) which, while being isoelectronic and isostructural to NiS2, is nevertheless a good
metal. IMT, induced by Se alloying, is observed at low temperature (T) for x=0.45. Perucchi and his collaborators revealed
closed relation between IMT and band width through comparison of infrared spectroscopy result and LDA calculation.
However, it was only an indirect observation, and is inconsistent with recent proposal that NiS2 is not a CT insulator but an
insulator due to the bonding-antibonding splitting in the S – S (Se – Se) dimers. According to competing theories (CT insulator
and insulator due to bonding-antibonding splitting), it is expected that the character of the main band that is responsible for the
IMT should be different. Therefore, we performed high resolution ARPES for various Se dopings (x=0.43; insulator, x=0.5,
0.7, 2.0; metal) and various temperatures on NiS1.5Se0.5. Our experimental result supports that the origin of MIT in NiS2-xSex
is the CT theory rather than the dimer theory.

P2-D098*

Para-H2 adsorption on a C60 Molecular Surface: Path-integral Monte Carlo Study

KWON Yongkyung, PARK Sungjin
Konkuk University, School of Physics.
We have performed the path-integral Monte Carlo calculations to study the adsorption of para-hydrogen on a single C60
fullerene molecule. In order to account for corrugations of hydrogen molecules on the fullerene surface, the H2-C60 interaction
is described by the sum of carbon-H2 pair potentials. The radial density distributions reveal the layer-by-layer growth of H2 on
the fullerene surface with the first layer being located at a distance of ~ 6.79 Å from the center of a C60 molecule. And the
second hydrogen layer emerges for N=50 which is consistent with the high-resolution mass spectrometry for hydrogen
adsorption on charged fullerene. From the angular density profiles, we investigate quantum phase transitions as the number of
adsorbed H2 molecules varies. For N=32 we observe a commensurate solid state with twenty H2 molecules being localized on
the tops of the hexagon centers of the C60 surface and the other twelve molecules above the pentagon centers. We have also
calculated superfluid fractions for hydrogen layers on a C60 fullerene as the number of H2 molecules changes, from which the
first H2 layer is found to show only negligible superfluid response. Finally, we compare various quantum states of (H2)N-C60
system with the ones reported for (4He)N-C60.

P2-D099
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P2-D100

Terahertz and Infrared Study of Doped Bi2Te3 Single Crystals

SIM Kyung Ik, PARK Byung Cheol, JO N. H.1, LEE K. J.1, JUNG M. H.1, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea. 1Department of
Physics, Sogang University 35 Baekbeom-ro, Mapo-gu, Seoul 121-742, Republic of Korea.
We studied the low energy electrodynamics and electronic structure of Bi2Te3 single crystals doped with Fe (8%, 15 %), Ce
(8%), La (8%) via terahertz and infrared spectroscopy. We observed the Drude peak and the in-plane phonon mode near 60
cm-1 in the terahertz conductivity spectra. We identified the topological surface state (TSS) and observed asymmetry in the
phonon mode. We studied the doping effect on the TSS and phonon, identifying a signature of topological phase transition
(TPT). We suggest the band hybridization between TSS and bulk explains the doping effect

P2-D101

Terahertz Spectroscopy of MoS2 by Reflection Measurement

JO Young Chan, SIM Kyung Ik, CHOI Kyujin, LEE Hee Sung, IM Seongil, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea.
We have measured the reflection of bulk MoS2 using terahertz time-domain spectroscopy system in the spectral range from
10 to 70 cm-1. Utilizing the phase correction technique based on the maximum entropy method (MEM), we extracted both the
real and imaginary parts of the conductivity independently and simultaneously, without a Kramers-Kronig analysis. The weakDrude behavior of the conductivity of MoS2 by fitting of Drude-Lorentz model exhibits a low dc conductivity and a low carrier
density of the order of 1016 cm-3.

P2-D102

Development of High Resolution Capacitive Dilatometer

CHOI Seongil
Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science (IBS).
In material sciences and, in particular, strongly correlated systems, it is important to measure how lattice responds to external
variations such as temperature when it undergoes certain phase transitions. Information obtained from this kind of
experimental exercise is very useful for one to develop a fuller picture of materials under investigation. It is particularly for the
studies of systems with several competing phase such as multiferroic materials. We developed a high-resolution capacitive
dilatometer to measure tiny lattice changes in order to understand this delicate physics of the lattices and its coupling to other
degrees of freedom. And we measured thermal expansion of YMnO3 single crystal and calculated its Gruneisen parameter.

P2-D103

Magnetic control of ferroelectric polarization in a self-formed single magnetoelectric
domain of multiferroic Ba3NbFe3Si2O14
LEE Nara, CHOI Young Jai, CHEONG Sang-Wook1
Yonsei University. 1Rutgers University.
We have discovered strong magnetoelectric (ME) effects in the single chiral-helical magnetic state of single-crystalline
langasite Ba3NbFe3Si2O14 that is crystallographically chiral. The ferroelectric polarization, predominantly aligned along the a
axis below the Ne`el temperature of 27 K, changes in a highly non-linear fashion in the presence of in-plane magnetic fields
(H) perpendicular to the a axis (H//b*). This ME effect as well as smaller ME effects in other directions exhibit no poling
dependence, suggesting the presence of a self-formed single ME domain. In addition, these ME effects accompany nomeasurable hysteresis, which is crucial formany technological applications.

P2-D104

Role of Local Orbital Angular Momentum in Rashba & Dresselhaus effect on

semiconductor
,

,
,
.
We have performed preliminary circular dichroism angle-resolved photoemission spectroscopy (ARPES) experiments on Au
(111), Cu(111) surface state. Our results show very strong circular dichroism (CD) signal, indicating probable existence of
orbital angular momentum (OAM) on the surface state. In non-magnetic semi conductor samples, 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) like surface because they have zinc blende structure. Therefore we measure ARPES using circularly
polarized light on InSb, CdTe and GaAs. In our data, we find that the CD signal has momentum and binging energy
dependence. In our view, the CD modulations of the three bands (HH, LH and SO) come from strong spin orbit coupling
(SOC).

P2-D105

,

Strong magnetodielectric effect in Lu2CoMnO6

SANGHYUP Oh, NARA Lee, H. Y. Choi, Y. J. Choi, Y. J. Jo1, M. S. Seo2, Y. Yoshida43, H. Eisaki43
Department of Physics and IPAP, Yonsei University, Seoul 120-749, Korea. 1Department of Physics, Kyungpook National
university, Daegu 702-701, Korea. 23Division of Materials Science, Korea Basic Science Institute, Daejeon 305-806,
Korea. 34Electronics and Photonics Research Institute, National Institute of Advanced Industrial Science and Technology,
Ibaraki 305-8568, Japan.
We have first grown double perovskite Lu2CoMnO6 single crystals and studied the directional dependence of their dielectric
properties. The dielectric anomaly emerges along the crystallograpic b axis, different from the predicted ferroelectricity along
the c axis in the previous polycrystalline work. Strong magnetocapacitance was observed below the magnetic transition of ~50
K but ferroelectric polarization appears negligibly small. We suggest that the multiferroicity in this compound originates from
long wavelength planar spin modulations.

P2-D106

Metamagnetic Transition in Eu2CoMnO6

MOON J.Y, CHOI H.Y, LEE N, SEO M.S1, PARK S.Y1, JO Y.J2, CHOI Y.J
Department of Physics and IPAP, Yonsei University. 1Division of Materials Science, Korea Basic Science
Institute. 2Department of Physics, Kyungpook National university.
Double perovskite single crystals of Eu2CoMnO6 were first synthesized using flux method and their magnetic properties were
investigated. Magnetic field dependence of magnetization reveals a metamagnetic transition in as-grown crystals. Controlling
valences of magnetic ions in different gas annealing conditions leads to the complete change of shapes and locations of
metamagnetic transitions in the isothermal magnetization. This remarkable variation originates from the formation of magnetic
clusters with different valences of magnetic ions.

P2-D107

Optical Properties of Traditional Korean Pigments

KIM Jong Hyeon, HONG Taeyoon, CHOI Kyujin, HA Taewoo, PARK Byung Cheol, SIM Kyung Ik, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea.
We have measured traditional Korean pigments (oyster shell white [hobun], massicot [ miltaseung], indigo [jjok], azurite
[seokcheong], malachite [seokrok], and red lead [yeondan]) with terahertz time-domain spectroscopy (THz-TDS) and Fouriertransform infrared spectroscopy (FTIRS) over the spectral region of 0.1 – 7.5 THz. We extracted both the refractive index and
the extinction coefficient k independently and simultaneously, without a Kramers-Kronig analysis in the terahertz region. All
pigments exhibited a set of absorption peaks unique to the pigment species in addition to a background that increased with
increasing frequency. Our study demonstrates that terahertz and infrared techniques can be useful identification and diagnostic
tools for the traditional Korean pigments used in heritage building and artworks.

P2-D108

Phonon-assisted Optical Excitation in the Mott Insulator Sr3Ir2O7

PARK H. J., SOHN C. H., JEONG D. W., CAO G.1, KIM K. W.2, MOON S. J.3, JIN Hosub, CHO Deok-Yong, NOH T. W.
Center for Correlated Electron Systems, Institute for Basic Science, Seoul National University, Seoul 151-747, Korea and
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea. 1Center for Advanced Materials,
Department of Physics and Astronomy, University of Kentucky, Lexington, Kentucky 40506, United States. 2Department of
Physics, Chungbuk National University, Cheongju 361-763, Korea. 3Department of Physics, Hanyang University, Seoul 133791, Korea.
We examined the temperature (T) evolution of the optical conductivity spectra of Sr3Ir2O7 over a wide range of 10–400 K. The
system was barely insulating, exhibiting a small indirect bandgap of ~0.1 eV. The low-energy features of the optical d-d
excitation (ħω < 0.3 eV) evolved drastically, whereas such evolution was not observed for the O K-edge X-ray absorption
spectra. This suggests that the T evolution in optical spectra is not caused by a change in the bare (undressed) electronic
structure, but instead, presumably originates from an abundance of phonon-assisted indirect excitations. We demonstrated that
the low-energy excitations were dominated by phonon-absorption processes in which optical phonons, in particular, are
involved. Our results showed that phonon-assisted processes significantly facilitate the charge dynamics in barely insulating
Sr3Ir2O7.

P2-D109

Verwey transition in nanoscale magnetite

LEE Jisoo, PARK Je-Geun1, HYEON Taeghwan
Center for Nanoparticle Research, Institute for Basic Science, and School of Chemical and Biological Engineering, Seoul
National University, Seoul 151-742, Korea. 1Center for Correlated Electron Systems, Institute for Basic Science, and
Department of Physics & Astronomy, Seoul National University, Seoul 151-747, Korea.
Magnetite (Fe3O4) is one of the most actively studied magnetic materials with a famous metal-insulator, so-called Verwey
transition temperature (TV) at 125 K. How the magnetic properties of nanoparticles vary with reducing size is now welldocumented and understood thanks to extensive studies over the past years. However, it is less know how the other intriguing
Verwey transition evolves as function of size. Pursuits in search for answers have been hampered largely due to difficulties
involved in preparing nanoparticles with correct stoichiometry. With the recent exploding development of researches into
nanoparticles, it was natural to investigate how the Verwey transition evolves with varying particle size. Unfortunately, the
overall status of the current researches is inconclusive. We have already developed a novel synthetic method of producing high
quality nanoparticles in large quantities and characterized the physical properties carefully. Using the similar method, we have
recently succeeded in synthesizing various sizes of Fe3O4 nanoparticles with a clear Verwey transition. In this study, we
measured the temperature dependence of magnetization, conductance, heat capacity across the Verwey transition temperature.
The nature of the Verwey transition is intrinsically linked to an entanglement of charge and orbital degrees of freedom. It is
also plausible that the size effect plays some role regarding the transition.

P2-D110*

Single Molecule Studies on Mph1 the DNA Helicase

JUNGE Yongje, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University, Seoul, Korea..
Mph1 protein is an ATP-hyrolytic 3'-5' DNA helicase, found in the Saccharomyces cerevisiae(budding yeast). It is known for
its function of DNA repair, including interstrand crosslinking. Our study focused on the precise dynamics of the protein, using
smFRET(single molecule Förster resonance energy transfer). Our result implies the protein transforms a DNA fork into
'chicken foot' structure, also known as Holliday junction, and tears daughter strands from parent ones in the process of
regression. On regression, its speed is constant, independent of attached DNA strand's length. The result also supports the
regression speed is strongly dependent on ATP concentration. Additionally, we found some intermediate state before
activation of the protein, which suggests there is time difference between lagging and leading strand in the protein's 'grabbing'
process on each strand.

P2-D111*

Single-molecule studies on TPP riboswitch with optical tweezer combined with confocal

microscope
LEE Jongjin, UHM Heesoo, HOHNG Sungchul1
Department of Physics and Astronomy, National Center of Creative Research Initiatives, Seoul National
University. 1Department of Physics and Astronomy, Department of Biophysics and Chemical Biology, National Center of
Creative Research Initiatives, Seoul National University..
Riboswitches are motifs in the untranslated regions of messenger RNA which regulate gene expression through structural
changes in ligand-binding RNA aptamers. In the previous study, we observed conformational dynamics of thiamine
pyrophosphate (TPP) riboswitch aptamer with single molecule fluorescence resonance energy transfer (FRET). However only
a small portion of the sample showed such dynamics. We thought that it came from misfolding of TPP riboswitch aptamer
during in vitro annealing process with full-length RNA strands. In contrast, growing RNA single strands fold
cotranscriptionally as they are synthesized by RNA polymerase in cellular environment.
To study this cotranscriptional effect on TPP riboswitch aptamer folding, we used optical tweezer combined with single
molecule FRET. We unfolded/refolded TPP riboswitch aptamer with optical tweezer and measured FRET signal
simultaneously with confocal microscope. Force-Extension curve indicates that aptamer unfolded and then refolded as applied
force changed and the FRET signal indicates that TPP riboswitch aptamer structure can be changed by unfolding/refolding
process.

P2-D112*
RYU Je-Kyung, MIN Duyoung, RAH Sang-Hyun, PARK Yongsoo1, KIM Soojin2, KIM Homin2, JAHN Reinhard1, YOON
Tae-Young
KAIST, Dept. of Physics. 1Max-Planck-Institute for Biophysical Chemistry, Dept. of Neurobiology. 2KAIST, Graduate School
of Medical Science and Engineering.

P2-D113*

Advanced Single-molecule Co-IP Analysis for Very Weak Protein-protein Interactions

JANGHYUN Yoo, TAE-YOUNG Yoon
KAIST, Dept. of Physics.
We represent that single-molecule co-IP can be extended to study weak transient interaction by simple change of analysis
scheme. Single-molecule co-IP can be advanced to study weak and transient protein-protein interactions by analyzing proteinprotein interaction with increased surface density of bait. With advanced single-molecule co-IP, we will prove RAS-RAF
interaction at different cell environment, and Raf dimerization kinetics and the effect of Ras binding and RAF inhibitors.

P2-D114*

Anisotropic Charge Transport in Organic Single Crystal TMTSF(tetramethyltetraselena
fulvalene) using OFET Structure
CHOI EUNJU, LEE INJAE
Chonbuk National Univeristy, Department of Physics..
We report the studies of anisotropic mobility of organic single crystal semiconductor TMTSF(tetramethyltetraselena fulvalene)
in the field effect transistor geometry. The millimeter size of TMTSF single crystal has been synthesized from purified powder
source by PVD method. The organic FET device was fabricated using Parylene-C as a gate insulator on an elastomeric
substrate Polydimethylsiloxane (PDMS). The parylene-C which has exceptional chemical resistant and high dielectric strength
was coated with CVD method. Anisotropic mobility of single crystal semiconductor TMTSF was measured in situ along the 16
different angles within the a-c plane at three different temperatures of 300K, 250K and 200K. The temperature dependent
anisotropic mobility was obtained as 3.2 and 1.9 cm2/Vs.

P2-D115*

Co-transcriptional Effect On Folding of TPP Riboswitch And Its Dynamics Induced
By Ligand Binding
UHM Heesoo, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University.

P2-D116*

Dynamic Ca2+-dependent Activity Of Membrane-anchored Synaptotagmin 1 Observed At
The Content Mixing Level
SUNG Mi Sook, LEE Tae-sun, BAE Woori, YOON Tae-Young1
KAIST, Department of physics. 1KAIST, Department of physics.
Synaptotagmin 1 (Syt1) is thought to be the main Ca2+ switch for the presynaptic vesicle fusion. Although in vitro fusion
assays importantly contributed to understanding the molecular mechanism of Syt1, the results was largely restricted to
truncated Syt1 that retained only soluble C2AB domains. Using the single-vesicle fluorescence assay, we have recently shown
the strong fusogenic activity of membrane-anchored Syt1 at physiological Ca2+ levels (Science 328, 760 (2010)). By
developing ability to detect content mixing in both single and bulk vesicle fusion events, we here show that such dynamic
Ca2+-dependent Syt1 activity is also observed at the content mixing level.

P2-D117*

Mechanical unzipping and rezipping of a single SNARE complex reveals hysteresis as a
force-generating mechanism
1,
2,
,
,
1
2
KAIST,
. KIAS,
. KIST,
.
Formation of the soluble N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE) complex provides
mechanical thrust for membrane fusion, but its molecular mechanism is still unclear. Here using magnetic tweezers, we
observe mechanical responses of a single neuronal SNARE complex under constant pulling force. Single SNARE complexes
may be unzipped with 34 pN force. When rezipping is induced by lowering the force to 11 pN,only a partially assembled state
results, with the C-terminal half of the SNARE complex remaining disassembled. Reassembly of the C-terminal half occurs
only when the force is further lowered below 11 pN. Thus, mechanical hysteresis, characterized by the unzipping and
rezipping cycle of a single SNARE complex, produces the partially assembled state. In this metastable state, unzipping toward
the N-terminus is suppressed while zippering toward the C-terminus is initiated as a steep function of force. This ensures the
directionality of SNARE-complex formation, making the SNARE complex a robust force-generating machine.
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Super-resolution Imaging of Neuron in Caenorhabditis Elegans

PARK Sangjun, CHOI Myunggyu1, LEE Jinwoo, KWON Yeongdae, LEE Junho1, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University. 1School of Biological Science, Seoul National University.
Caenorhabditis elegans is the best model to study the neuronal networks and connectomes. The adult worm has 302 neurons.
These neurons communicate with about 6400 chemical synapses, 900 gap junctions, and 1500 neuromuscular junctions. In
addition, C. elegans is the single creature that every neuron wiring connection was discovered among all organisms. Until
now, we got the ambiguous image for pre-synaptic and post-synaptic structure of neurons. This study aims to get a high
resolution image of nervous system in C. elegans. To achieve the goal, we use the super-resolution microscopy such as
stochastic optical reconstruction microscopy(STORM).

P2-D120

Translocation of DNA Bases Sandwiched between Two Graphene Layers: An Ab-initio
Study on Their Energetics and Molecular Fingerprints
SHIM YoonSu, KIM Han Seul, KIM Yong-Hoon
KAIST, Graduate school of EEWS.
In this work, we studied the interactions of the complexes of a DNA base bound to graphene layers through density functional
theory (DFT) calculations. The DNA bases are inserted between two of graphene layers and slid specific direction. We find
that there exists negligible energy barrier as well as robust and distinguishable electronic fingerprints during the translocation
of DNA bases through calculating the binding energy and partial density of state (PDOS), respectively. Our result shows that
the bilayer graphene can be a possible candidate for the future-generation of DNA sequencing device platform.

P2-D121

High-resolution 1H NMR study of water and hydrated ion clusters in proton exchange
membrane Nafion
LEE Cheol Eui, HAN Jun Hee, LEE Kue Won, KIM Se Hun1
Department of Physics, Korea University, Seoul. 1Faculty of Science Education, Jeju National University, Jeju.
We have studied the dynamics of water molecules and hydrated water clusters in proton exchange membrane Nafion by
means of high-resolution 1H nuclear magnetic resonance measurements. Free and bound state water molecules and OH(hydroxyl) and H3O+ (hydronium) ion clusters were identified from the chemical shift measurements, and their activation
energies were obtained from the temperature-dependent laboratory- and rotating-frame spin-lattice relaxation measurements.
This work was supported by the National Research Foundation of Korea (Cyclotron Users Program 2012-029495, No. 20100029418, and Project No. 2012-034779).

P2-D122

Programmed Folding DNA Origami Structures Through Single-Molecule Force Control

BAE Wooli, KIM Kipom, MIN Duyoung1, RYU Je-Kyung1, HYEON Changbong2
KAIST,
. 1KAIST,
. 2KIAS.
Despite the recent development in DNA origami design, its folding yet relies on thermal or chemical annealing methods. The
folding landscape involved in such annealing methods is rugged, typically requiring tens of hours for cooling process. We here
demonstrate that DNA-origami structures controlled by mechanical forces fold efficiently via pathways that are not accessible
to thermal annealing. Using magnetic tweezers, we stretched a single scaffold DNA with 5 pN of force to remove its secondary
structures, and hybridized the stretched DNA with staple strands. When the force was subsequently quenched, DNA
nanostructure folding was completed through displacement between the bound staple strands. Each process in the mechanical
folding is well defined and free from kinetic traps, enabling us to complete folding within 10 minutes. We also demonstrate
parallel folding of DNA nanostructures through multiplexed manipulation. Our mechanical folding scheme allows
programmable assembly of DNA nanostructures such as part-by-part assembly.

P2-D123

Single Molecule Studies on Chromodomain-Helicase-DNA-binding protein 1

KIRK Jaewon, HONG Sungchul
Seoul National University Dept. of Physics anc Astronomy.
In eukaryotes, DNA is packaged in nucleosome which consist of 147bp of DNA and histone octamer. Nucleosome is basic unit
of chromosome and frequently exists on DNA. However, nucleosome can repress transcription, so many enzymes are related
to repositioning nucleosom, or chromatin remodelling and these enzymes are called chromatin remodeller. CHD1
(Chromodomain-Helicase-DNA-binding protein 1) is one of chromatin remodeller which has chromodomain and SNF2-related
helicase/ATPase domains. This research is on detailed dynamics of CHD1. By single molecule FRET (Fluorescence resonance
energy transfer) technique, I measured various nucleosomes which have -3 to 18 base pair DNA overhang from nucleosome
exit site, and observed remodelling activity of CHD1, and remodelling step size.

P2-D124

Single Molecule Studies on Human Argonaute 2

SHIN Soochul, JO Myung Hyun1, JUNG Seung-Ryoung2, KIM Eunji3, SONG Ji-Joon3, HOHNG Sungchul1
Department of Biophysics and Chemical Biology, SNU. 1Department of Physics and Astronomy, SNU. 2Department of
Physiology and Biophysics, University of Washington. 3Department of Biological Sciences, KAIST.
Argonaute (Ago) is the key component of the RISC (RNA-induced silencing complex) which regulates gene expression by
guide-strand mediated cleavage of target mRNA. In the regulatory process, target recognition by Ago-guide is important for
controlling gene expression. Target dissociation is also crucial for the recycling of Ago in the regulation. Here, by using
single-molecule fluorescence resonance transfer (FRET) assays and human Argonaute 2 (hAgo2), we monitor the target
binding/cleavage/dissociation kinetics of Ago-guide and reveal that different regions of guide-target base pairing have
different roles in binding, cleavage, and dissociation.

P3-D125*

Role of Ti Adhesive-layer Out-diffusion in Cr-doped SrZrO ReRAM Devices

JO Yongcheol, KIM Jongmin, WOO Hyeonseok, KIM Seonhoo, CHOI Jiman, KIM Inho, PARK Wooyoung, LEE Jongkyung,
CHO Hansol, CHO Sangeun, HAN Jaeseok, INAMDAR A. I., PAWAR S. M., IM Hyunsik, KIM Hyungsang
Dongguk University, Division of Physics and Semiconductor Science.
Cr-doped SrZrO films, which are sputtered on Pt/Ti/SiO2/Si substrates with SrRuO top electrodes, ReRAM devices are
investigated. Bipolar resistive switching (RS) is observed before soft break down. Irreversible RS mode transition to unipolar
mode occurs at high bias voltages. Both modes show their own stable and reproducible RS cycles. However, different
temperature dependences of each resistance state are observed implying different conducting mechanisms. We present that Ti
adhesive-layer out diffusion plays a key role in the observed RS mode transition by fabricating devices at different substrate
temperatures.

P3-D126*

Solvent additive and annealing effect on morphology of organic solar cell

KIM Ajeong, SECK NGOR Mbaye, AHN Gukil, KANG Jinback, SHIN Tae Joo1, KIM Hyunjung
Sogang University. 1Pohang Accelerator Laboratory.
Bulk hetero junction (BHJ) structure, mixture of donor and acceptor polymer, is a type of active layers in organic solar cell.
Morphology of BHJ layer is important to determine the efficiency of solar cell because of the exciton diffusion or the charge
transfer. In this study, we use x-ray reflectivity and grazing incidence wide angle x-ray scattering (GIWAXS) to measure the
crystallinity and surface morphology of PTB7:PC71BM BHJ layer depending on the annealing and the presence of solvent
additive DIO which improve the device efficiency. X-ray reflectivity results show that the surface roughness of
PTB7:PC71BM layer decreases with solvent additive DIO, whereas it increases with annealing. The sample was annealed at
160℃ for 20min in N2 environment. However, there is no significant change in the crystallinity of BHJ layer in the range of q
0.2 Å-1 ~2 Å-1. We compare change of the surface morphology with the microscope images. This research was supported by
the Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education and the Ministry of Science, ICT & Future Planning of Korea (Nos. 2011-0012251 and 2008-0062606, CELANCRC), Sogang University Research Grant of 2012.

P3-D127*

Circular Dichroism In Pt-based Catalyst System

JUNG J. K., KIM B. Y., KIM C., JIN T. W.1, SHIM J. H.1, MUN B. S.2, ARITA Masashi3, SHIMADA Kenya3
. 1Postech. 2GIST. 3HISOR.
Pt-based catalysts are one of the most widely studied groups of catalyst since it shows the best performance. Recently, the
investigations on the Pt-based alloys revealed that the ORR could be enhanced significantly by adding transition metals (TM)
and the d-band model was employed to explain the higher catalytic activity. Although the experimental results agree well with
the trend predicted by the d-band model, the physical origin of the trend and its resultant chemical reaction mechanism are not
clearly understood yet. In an effort to unveil the details of d-band model, circular-dichroism angle-resolved photoemission
spectroscopy (CD-ARPES) is measured.

P3-D128*

In situ GISAXS Study of Phase Transition in Block Copolymer-Homopolymer Mixtures

AHN Gukil, JEROME Carnis, KIM Ajeong, KANG Jinback, SECK Ngor Mbaye, KIM Hyunjung
.
Block copolymers have various phases depending on molecular weights of both of the blocks and interaction parameters which
can be explained by Flory-Huggins Theory. It is interesting to observe the changes in phase with varying the weight ratio of
homopolymer to block copolymer when the homopolymer mone part of the block copolymer, is added to the block copolymer.
The phase of the mixtures could be changed by varying the weight ratio of homopolymer which is one part of block
copolymers. Furthermore, it is worthwhile to investigate the phase changes of the block copolymer-homopolymer mixtures in
thin film due to many cases of application. In this study, we measured the phase structure of the block copolymerhomopolymer mixtures with increasing temperature at various the weight ratio of the homopolymer to the block polymer by
Grazing Incidence Small Angle X-ray Scattering(GISAXS). The results show that phase transitions appear when the weight
ratio of homopolymers reached at 30~40%, the mixtures become BCC structure and those transitions become more obvious as
the temperature increase.
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Oxygen vacancy control in SrTiO3 epitaxial thin films

JEONG Hoidong, WOO Sungmin, LEE Sang-A, HWANG Jaeyeol1, CHOI Woo Seok
Department of Physics, Sungkyunkwan University, Suwon, Gyeonggi-do 440-746, Korea. 1Center for Integrated
Nanostructure Physics, Institute for Basic Science (IBS),.
Perovskite SrTiO3 has been widely studied due to its intriguing physical behavior, such as metallic property,
superconductivity, and ferroelectricity. Moreover, it is the most popular substrate for perovskite oxide thin film and
heterostructure growth. One of the most important parameters governing its characteristics is oxygen vacancies. For example,
oxygen vacancies in SrTiO3 sensitively influence the density and mobility of charge carriers, resulting in insulator-to-metal
transition. We have systematically investigated the formation and the role of oxygen vacancies in SrTiO3 single crystals and
thin films. We used pulsed laser deposition (PLD) using a KrF excimer laser in order to grow epitaxial SrTiO3 thin films. The
oxygen partial pressure was varied from vacuum to 100 mTorr to control the amount of oxygen vacancies in the thin films.
Using x-ray diffraction (XRD) and dc-conductivity, we could quantitatively characterize the amount of oxygen vacancies.
Furthermore, we could estimate the difference in the rate of oxygen vacancy formation through various crystallographically
oriented surfaces, such as (100), (110), and (111).
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Spin-orbit coupling in graphene via heavy adatoms

YOO Jung-Woo, PARK jungmin, JIN Mi-Jin, MODEPALLI Vijayakumar, JO Junhyeon
UNIST, Materials Science Engineering.
Spintronic applications of graphene have received growing attention in recent years because graphene is expected to have long
spin life time and length. The spin current is typically obtained by injecting electrons from the ferromagnetic electrodes but
can be also induced by the spin Hall effect, what the charge current passing through a sample generates transverse spin current,
without using ferromagnetic material. This phenomenon arises from relativistic spin-orbit interaction in which the magnetic
moment of electron couples to an effective magnetic field. However, this spin-orbit interaction in graphene is weak (~µeV)
because of sp2 bond and light carbon atoms. Recently, it was reported that hydrogenation of graphene allows for spin-orbit
strength range up to ~meV by the conversion of sp2 to sp3 bond. In this study, we have fabricated graphene hall bar devices,
which have width of 800 nm and length of 2, 3, 4 µm, to investigate spin hall effect via non-local resistance signal. Then, we
introduced doping of heavy atoms in pristine graphene via physical vapor deposition in order to implement extrinsic spin-orbit
coupling. Detailed study or non-local signal in Hall bar geometry with/without doping will be discussed further.
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,
, ARITA Masashi1, SHIMADA Kenya1
. 1Hiroshima Synchrotron Radiation Center.
From our microscopic understanding of Rashba effect, a momentum dependent splitting of spin bands due to inversion
symmetry breaking at the surface, we have obtained an orbital angular momentum (OAM) based effective Hamiltonian. In our
view, the phenomenon is due to not relativistic effect of spin current but non-zero OAM coupled with spin-orbit interaction
(SOI). The authors of [PRB 85, 195401(2012)] suggest “orbital Rashba effect”, the momentum dependent lifting of the orbital
degeneracy, can take place in the absence of SOI. Aluminium is one of the most candidate for probing the effect, because
Aluminium has weak spin orbit coupling and three p bands on outer shell. We performed Circular dichroism angle-resolved
photoemission, an efficient way to detect this new order, on Al(111) surface.
,

,
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Manipulation of graphene work function by self-assembled monolayer
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Development of novel electrode materials, of which the work function can be under control, is an essential step in the effort to
develop next-generation displays and electronic devices. Graphene is, in particular, drawing many attentions as a potential
material for next-generation electrodes due to its outstanding transparency, flexibility, conductivity, and mobility as well as
controllable work function in comparison to existing inorganic electrode materials. Here we reported an effective and reliable
method to increase the work function of graphene to 5.50 eV by applying self-assembled monolayer to the surface of graphene.
Work function (4.56 eV) of pristine graphene was increased by about +0.94 eV after trichlorosilane (HDF-S) self-assembly.
HDF-S self-assembled graphene exhibited no significant change in structural, optical, and electrical characteristics compared
to pristine graphene. In addition, we verified that the changed work function of HDF-S self-assembled graphene was not
affected by underlying substrates.
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Nanoscale tribological characteristics of epitaxial graphene on silicon carbide

1, YANG G. E.2,
2,
1,
,
KAIST, EEWS
; IBS, Center for Nanomaterials and Chemical Reactions. 1KAIST,
. 2KRISS,.
Atomically-thin graphene is the ideal model system for studying nanoscale friction due to its intrinsic two-dimensional
anisotropy. Here, we report the reduced nanoscale friction of epitaxial graphene on SiC, investigated with conductive-probe
atomic force microscopy/friction force microscopy in ultra-high vacuum. The measured friction on a buffer layer was found to
be 1/8 of that on a monolayer of epitaxial graphene. Conductive probe atomic force microscopy revealed a lower conductance
on the buffer layer, compared to monolayer graphene. We associate the friction difference between epitaxial graphene and
buffer layer with the total lateral stiffness. Since bending stiffness is affected by flexural phonons in two-dimensional systems,
nanoscale frictional energy should primarily dissipate through damping with the softest phonons. We found that reduced total
lateral stiffness by placing graphene on buffer layer is associated with lubricity of epitaxial graphene on SiC.
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Photoluminescence Properties of Si-NC/SiO2 Multi-Layers with and without Cobalt Nano-

Particles Controlled by Proton Irradiation
JOO BeomSoo, JANG Seunghun, JEONG Jiwoon, HAN Moonsup
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Plasmonic Enhancement of Photocurrent in Ge doped InGaO thin film transistors

,
,
.
We investigated a plasmonic photocurrent in Ge doped InGaO (GIGO) TFT decorated with silver nanoparticles. Silver
nanoparticles were formed on different thickness of GIGO TFT using a thermal evaporator to confirm the effective range of
plasmon effect. GIGO films were deposited using a single target (with composition of Ge2O3:In2O3:Ga2O3=1:7:2 mol %) on
SiO2 substrate by a radio frequency sputtering system. The localized surface plasmon resonance wavelength was measured
using the absorbance spectrum. According to decrease of GIGO thickness, the photocurrent was increased. Also, when silver
nanoparticles formed between GIGO and SiO2, photocurrent was significantly increased. The results show that the
photocurrent could be enhanced by a plasmonic effect in the oxide semiconductor.
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Preparation of atomically flat polycrystalline SrTiO3 surface

WOO Sungmin, JEONG Hoidong, LEE Sang-A, CHOI Woo Seok, PRELLIER Wilfrid1, SEO Ho Sung2, KIM Yunseok2
Department of Physics, Sungkyunkwan University. 1Laboratorie CRISMAT, CNRS UMR 6508, ENSICAEN, Normandie
Universite. 2School of Advanced Materials Science & Engineering, Sungkyunkwan University.
Transition metal oxide (TMO) thin films and heterostructures are platform of studying many intriguing physical phenomena.
In particular, to grow epitaxial polycrystalline films, it is necessary to achieve flat surfaces for different crystallographic
orientations. It is well known that treating SrTiO3 surface with DI-water/chemical fluid (hydrofluoric acid) and subsequent
thermal annealing, single-terminated SrTiO3 surfaces can be obtained. However, since SrTiO3 crystals can have different
terrace structure component and therefore dissimilar surface energy depending on the orientations, different etching and
annealing conditions are required to obtain atomically flat surface. In this research we found optimum condition in which three
experimental variables (etching time, annealing temperature, and annealing time) result in excellent surface conditions for
different orientations. Finding this exact condition helps us to achieve atomically flat polycrystalline SrTiO3 with many
different surface orientations. By growing TMOs epitaxially on polycrystalline SrTiO3 substrate, we are looking forward to
observe novel phenomena in TMO domain boundaries.

P3-D137

Attosecond nm-scale imaging using PEEM

HOQUE MD Ziaul, KIM SEUNGCHUL, KIM Dong Eon
Max-Planck Center for Attosecond Science (MPC-AS), Pohang, 790-784, South Korea, Department of Physics, Center for
Attosecond Science and Technology, Pohang University of Science and Technology(POSTECH), Pohang, 790-784, South
Korea.
An imaging system at attosecond time resolution and nano-meter spatial resolution has been aimed to envisage electronic
dynamics in the materials. Atto-PEEM (PhotoEmission Electron Microscope) system has been planned to image the
photoelectrons excited by the attosecond extreme-ultraviolet (XUV). But such ultrafast imaging technique often suffers from
space-charge effect due to electron cascade. Hight repetition rate attosecond laser system can overcome this problem. To do so,
two pathways have been planned to generate high repetition rate (MHz) attosecond XUV to use as excitation pulse. The first
source is based on a funnel shaped nano-waveguide that generates XUV via plasmonic enhancement. The second source is
based on the tunable OPCPA (Optical parametric chirped pulse amplification) system that will be used to generate isolated
attosecond pulse at 300 kHz repetition rate. The experiment has huge impact in the cutting edge ultrafast dynamics to explore
dynamical warping in nanostructured materials, plasmonic hot spots, structural phase transformations etc.
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Construction of Laser-based Attosecond ARTOF Beamline

LEE Yeon, LEE Paengro1, KIM Dongeon
Department of Physics, Center for Attosecond Science and Technology, Pohang University of Science and Technology,
Pohang, 790-784, South Korea. 1Department of Physics, Surface & Nanomaterials Physics Laboratory, Pohang University of
Science and Technology, Pohang, 790-784, South Korea.
Recently, dynamics of surface band structure has lots of attention. Angle resolved Photoelectron Spectroscopy (ARPES) has
developed into leading techniques for studying band structure. Laser based light sources have enabled lots of groups to
investigate dynamics of band structure, but still electron-electron interaction in sub-femtosecond regime has not been
investigated. We present a laser based apparatus for time resolved ARPES. Ultra High Vacuum (UHV) system of 10^-11 mbar
is combined with Angle Resolved Time of Flight (ARTOF) analyzer and connected to laser based beamline producing
femtosecond or attosecond pulses. The Beamline is designed for 3 types of beam source: High energy resolution source, a few
tens of femtosecond source and attosecond source. For high energy resolution (but low time resolution), 6 ev beamline has
been constructed at 3 kHz rep.rate. For a few tens of femtosecond & attosecond sources, High Harmonic Generation (HHG)
beamline and attosecond beamline are under construction based on Optical Parametric Chirped-Pulse Amplification (OPCPA)
laser at 300 kHz rep.rate. HHG beamline will be used to investigate core-level dynamics of surface state in a few tens of
femtosecond time scale. Attosecond beamline of 90 eV photon energy, which is expected to possibly resolve e-e interaction,
would be a new tool to open up a new area in the ultrafast dynamics of surface state.
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Nanocomposites with gold and carbon nanotubes were prepared by electrostatic interaction and in detail analyzed with some
structural and electrical techniques such as transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS),
X-ray diffraction (XRD), UV/Vis spectroscopy and cyclic voltammetry (CV). Gold nanoparticles were stabilized by poly(4vinylpyridine) (PVP), sodium dodecyl sulfate (SDS) and poly(sodium 4-styrene sulfonate) (PSS) in methanol, and multiwalled carbon nanotubes (MWNTs) were modified by poly(diallydimethylammonium) chloride (PDDA). Gold nanoparticles
were stabilized by PVP, PSS, SDS, and all of the nanoparticles were negatively charged in aqueous solution. On the other
hand, c-MWNTs wrapped with PDDA(P-MWNTs) were positively charged on their sidewalls. TEM images demonstrated that
gold nanoparticles were well distributed in P-MWNTs only in G(PVP)-MWNT composite. In the XPS results, Au4f peaks in
G(PVP)-MWNT composite were shifted towards the higher binding energies than the corresponding PVP-GNP, while those in
G(PSS)-MWNTs and G(SDS)-MWNTs were shifted towards the lower binding energies than their corresponding PSS-GNP
and SDS-GNP. It was found through CV studies on the composites that the oxidation-reduction behaviours of MWNTs were
dependent on their composite conditions. In addition, HOMO/LUMO energies and the energy band gaps of MWNTs in the
composites were analyzed by CV measurements.
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Modifying Magnetic Properties of an Individual Co Nanomagnet by Circumferential

Contact with Fe
PHARK Soo-hyon, CORBETTA Marco, FISCHER Jeison A., OKA Hirofumi, SANDER Dirk, KIRSCHNER Juergen
Max-Planck-Institute of Microstructure Physics, Germany.
Nanomagnets, due to reduced dimensionality, present spatially inhomogeneous magnetic states [1] within an individual
magnet, which often leads to a reduced magnetization stability [2] and limits their applicability as units of magnetic
information storage. Surface (or perimetric) engineering [2,3] has been employed to modify magnetic properties of
nanomagnets. However, microscopic access to the local magnetic state in an individual nanomagnet [1,4] is called for to
address the underlying mechanism.Here we report a tuning of the homogeneity of the spin-polarization in a 15 nm size
individual Co nanomagnet [1,2] by circumferential contact with Fe [5]. Spin-polarized scanning tunneling spectroscopy
resolves the spin-polarization of an individual island, with subnanometer spatial resolution. The study reveals uniform
electronic states throughout the Co core with an atomically sharp interface at the Co-Fe border. We discuss the role of
structural relaxation and local strain state engineering by circumferential contact for modifying the spin polarization and the
magnetic anisotropy of single nanoislands. [1] Oka et al., Science 327, 843 (2010). [2] Ouazi et al., Phys. Rev. Lett. 108,
107206 (2012). [3] Rusponi et al., Nat. Mater. 2, 546 (2003). [4] Oka et al., Phys. Rev. Lett. 107, 187201 (2011). [5] Phark et
al. (submitted).
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Band gap engineering of graphene by using low-energy Cs+
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We have investigated the opening and controlling of a band gap by using low-energy Cs+ ions on a single-layer graphene
(SLG) formed on 6H-SiC(0001) surface. From our synchrotron-based photoelectron spectroscopy data, we observe a wide
band gap opened by doping Cs+ ions. We also observe concomitant changes in the band structure and in bonding
configurations upon opening the band gap. We ascribe the asymmetry in charge distribution caused by Cs+ ion dopants to the
opening of the band gap of more than 0.7 eV depending on the coverage of Cs+ ions. We demonstrate the closing of the band
gap by adsorbing neutral Cs atoms so that the band gap may be tuned reversibly by varying the dopants.
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Charge Transport at the Interfaces between Carbon Nanotube and Wetting Metal Leads
Mediated via Topological Defects
KO Kwan Ho, KIM Han Seul, KIM Yong-Hoon1
Graduate School of EEWS, Korea Advanced Institute of Science Technology. 1Graduate School of EEWS, Korea Advanced
Institute of Science and Technology.
Carbon nanotubes (CNT)-metal contacts play an important role in nanoelectronics applications such as field-effect
transistor (FET) devices. Using Al and (10,0) CNT, we have recently showed that the CNT-metal contacts mediated via
topological defects within CNT exhibits intrinsically low contact resistance, thanks to the preservation of the sp2 bonding
network at the metal-CNT contacts.[1] It is well-established that metals with good wetting property such as Pd consistently
yield good contacts to both metallic and semiconducting CNTs. In this work, the electronic and charge transport properties of
the interfaces between capped CNT and Pd will be investigated based on first-principles computations and compared with
previous results obtained for the Al electrodes.Reference[1] H. S. Kim, H. S. Kim, G. I. Lee, J. K. Kang, and Y.-H. Kim:
Intrinsically low-resistance carbon nanotube-metal contacts mediated by topological defects. MRS Communications 2, 91–96
(2012).
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Loading direction realiance on graphene thickness measured using atomic force microscope

,
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After discovery of graphene using micromechanical cleavage technique, many researches have been carried out so far due to
its outstanding material characteristics. However, thickness of monolayer graphene, i.e. distance between surfaces of
monolayer graphene and substrate, has been experimentally determined in a wide range of 0.3 nm to 1.5 nm using scanning
tunneling microscope (STM) or atomic force microscope (AFM) with atomic-scale resolution while it is theoretically predicted
as 0.34 nm. Identification of exact thickness of monolayer graphene is very important issue for application of grapheme to
nano-devices whose performance strongly depends on dimensions of constituent materials. We investigated AFM topographic
images of graphene, of which thickness was determined by AFM tapping and contact mode. Thickness of graphene was
observed as almost constant using AFM tapping mode, however, showed strong dependence on sample rotation angle with
certain periodicity. From analysis of torsion images and topographies, we suggest that the variation originates from effect of
intrinsic ripple of graphene.
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Ripple domain distribution in exfoliated monolayer graphene determined using atomic
force microscope
PARK Yeonggu
Division of Quantum Phases and Devices, Department of Physics.
Graphene, an atomic thin hexagonal lattice of carbon atoms, exhibits high stability of two-dimensional structure along with
extraordinary mechanical and electronic properties. The ripple structures in graphene have been investigated due to their
relevance to electronic properties. Recently, using a contact mode atomic force microscope (AFM), domain structures with
friction anisotropy were observed in the local area of exfoliated monolayer graphene. It can be explained that it results from
the linearly aligned ripple structures in each domain and these ripples come from irregular interactions between the graphene
and a SiO2 substrate. In this study, we have deposited the monolayer graphene with the lateral size of ~100 mm on a SiO2
substrate by using mechanical exfoliation method. We can obtain the ripple domain distribution of the monolayer graphene
from AFM torsion image mapping and observe only three kinds of ripple domains. We can determine the ripple direction in
each domain and analyze the relationship between local stress along crystallographic axis and distribution of these domain
structures.
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Surface state of a thin film of 2D-3D hybrid topological insulator (Bi2)1(Bi2Se3)3
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We have studied electronic properties of an epitaxial thin film of hetero-structural topological insulator (TI) (Bi2)1(Bi2Se3)3.
As an effort to modify surface state of a 3D TI by imbedding 2D TI, we have grown thin films of (Bi2)m(Bi2Se3)n by mixing
2D Bi2 TI films into typical 3D Bi2Se3 TI. From our in-situ x-ray diffraction, we find the optimum growth condition of m:n =
1 : 3 with a Se-terminated surface. We observe a unique surface state from our hybrid TI sample in our angle-resolved
photoemission spectroscopy data. Our core-level data do not show visible changes caused by the 2D Bi2 films probably due to
the limited escape depth of photoelectrons. In order to understand the nature of the surface state and the role of 2D Bi2 layer,
we have performed density functional theory (DFT) band calculations. Our DFT theory suggests that the surface state stems
mainly from 3D Bi2Se3 TI, and the presence of 2D Bi2 layer modifies the chemical potential of the hybrid TI sample without
affecting its overall topological order.
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Influence of supports on redox of Pt nanoaprticles

E.S. Jeong, C.-I. Park, I.-H. Hwang, M.-Y. Kim1, J.-S. Choi1, S.-W. Han
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 37932-1563, USA.
We examined the local structural properties of Pt nanoparticles on various metal-oxide supports at the Pt L3 and the metal K
edges using in-situ XAFS measurements in the temperature range of 300 -720 K. Pt nanoparticles were synthesized on TiO2SiO2, ZrO2-SiO2, and TiO2-ZrO2-SiO2 supports by using a solution method. XAFS showed that Pt nanoparticles on TiO2-SiO2
or ZrO2-SiO2 supports were highly dispersive whereas they on TiO2-ZrO2-SiO2 supports were aggregated. XAFS at the Ti
edge showed that the local structural properties around Ti ions in TiO2 and TiO2-ZrO2 supports were similar to those of an
anatase TiO2 nanoparticles in a He environment, whereas in a H2 environment, they in TiO2-ZrO2 support had similar
structural properties of bulk anatase phased TiO2. XAFS at the Zr K edge showed nearly no change in both supports. XAFS
results strongly suggested that the local structural changes around Ti ions in the supports greatly affected the aggregation of Pt
nanoparticles at high temperatures.
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Optical properties of p- and n-type doped intercalated graphite compounds

JUNG Eilho, LEE Seokbae, ROH Seulki, MENG Xiuqing1, TONGAY Sefaattin2, HWANG Jungseek
Department of Physics, Sungkyunkwan University. 1Reseach Center for Light Emitting Diodes, Zhejiang Normal
University. 2Department of Materials Science and Engineering, University of California, Berkeley.
We investigated p- and n- doped intercalated few-layer grapheme / graphite using an optical spectroscopy technique. The
intercalants for p- and n- dopings are NbCl5 and ZnMg, respectively. We measured reflectance spectra of our intercalated
graphite samples in far- and mid-infrared range(50 ~ 7000cm-1). We obtained the optical conductivity and the dielectric
function from the measured reflectance using a Kramers-Kronig analysis. We obtained the dc conductivity data and the plasma
frequencies out of the conductivity and dielectric function. NbCl5 p-doped graphite samples show a similar optical
conductivity as a bare highly oriented pyrolytic graphite (HOPG) even though there are some differences in detail. ZnMg ndoped samples show significantly different conductivity from the bare HOPG. Our optical conductivity spectra confirm the
theoretically calculated band structures of these two differently doped graphite sample.
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Coherent X-ray Diffraction Imaging with Different Phase Retrieval Algorithms

KANG Jinback, CHA Wonsuk, JEROME Carnis, MBAYE Seck Ngor, AHN Gukil, PHAM Tung Chao Thanh1, YOON
Kyung Byung1, KIM Hyunjung
Physics department, Sogang University. 1Chemistry department, Sogang University.
Coherent X-ray diffraction imaging (CXDI) restores to the real space image of the sample and internal deformation field
distribution from the oversampled CXD patterns by applying phase-retrieval algorithm. The phase retrieval algorithm is
iterative method that finds a set of phases consistent with the measured data by using typically the error reduction and hybrid
input-output methods. In this study, we obtained the CXD patterns at (200) and (020) Bragg condition of ZSM-5 Zeolite
microcrystals with size of ~2 um attached on Si (100) substrate with unfocused beam. For the phase retrieval process, we will
show the results with different combinations of error reduction and hybrid input-output methods, depending on the size of
supports. The “shrink-wrap” strategy is also applied to define the supports. The optimized conditions for such process will be
discussed.
This research was supported by the Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science, ICT & Future Planning of Korea (Nos. 2011-0012251 and 2008-0062606, CELANCRC), Sogang University Research Grant of 2013.
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Electrical and local structural properties of oriented VO2 thin films

ZHENLAN Jin, I.-H. Hwang, C.-I. Park, S.-W. Han
Division of Physics education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756, Korea.
We examined local structural properties of VO2 thin films using in-situ XAFS measurements at the V K edge in the
temperature range of 25 – 100oC. Oriented VO2 films with a thickness of ~150 nm were synthesized on sapphire substrates by
using a DC magnetron sputtering deposition. R-T measurements revealed that the resistance of VO2 thin films were changed
by a factor of 4 near 60oC, showing a clear meta-insulator transition. XRD showed only (0l0) diffraction at room temperature,
indicating a-axis oriented VO2 films deposited on Al2O3(0001) surfaces. In-situ XAFS measurements demonstrated that the
local structural properties around a V ion in VO2 films was changed from a metastable M1 phase to a stable rutile R phase
around 60oC. We will discuss the electrical properties of oriented VO2 films, comparing with the change of local structural
properties in detail.
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Speckle pattern analysis using correlation techniques in Pohang Acelerator Laboratory - 9C

beamline
CARNIS Jerome, CHA Wonsuk, KIM Ajeong, LEE Hae Cheol1, YU Chung-Jong1, KIM Hyunjung
Sogang University Dept. of Physics. 1Pohang Accelerator Laboratory.
X-Ray Photon Correlation Spectroscopy is an important tool for the study of various equilibrium and nonequilibrium dynamics in condensed matter physics, e.g. such as crystalline phase transition, magnetic domain
switching, polymer relaxation dynamics. XPCS is based on the evolution of a speckle pattern with time, the pattern
itself resulting from the illumination of the sample by a coherent X-Ray beam. We have been working on the XPCS
setup in 9C-Coherent X-Ray Scattering beamline since the last year and we present here its current status, along with
some propositions which could greatly benefit to its success. The injection process currently used in top-up mode
represents a great challenge for this technique since intensity and beam position may vary non-negligibly. We
present two options based on the use of either PIXIS CCD of Pilatus detector, with the corresponding experimental
windows. Complementary techniques such as spatial autocorrelation and cross-correlation analysis can extract
valuable information from a speckle pattern and are also briefly introduced.
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XPS Characterization to Determine Sputter Deposition Parameters for Si Nano-Crystals
and Fully Oxidized Si Multi-layers Showing Strong Luminosity-Enhancement
JEONG Jiwoon, GU Minseon, AHN Hanyeol, JOO Beomsoo, HAN Moonsup
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Ferroelectric and magnetic properties of Bi(Fe0.9Mn0.1)O3 thin films
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Room-temperature multiferroic BiFeO3 (BFO) has been intensively studied due to its potential applications in spintronics and
next-generation data storage devices. However, it was reported that the existence of Fe2+ ions and oxygen vacancies in BFO
gives an negative effect on ferroelectric properties. In order to solve this problem, doping or substitution has been tried. In this
study, Bi(Fe0.9Mn0.1)O3 thin films were prepared by using a pulsed laser deposition method. The oxidation states of Fe ions
in Bi(Fe0.9Mn0.1)O3 were investigated. Also ferroelectric and magnetic properties were investigated.
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Anisotropic thermoelectric properties of Sn-intercalated SnxTiSe2 polycrystalline

compounds
,
,
.
It was reported the high thermoelectric performance in Cu-intercalated CuxTiSe2 compounds. It reveals the charge density
wave phase transition at TCDW ≈ 200K [1]. Several years before, we proposed that the charge density wave is an effective
route to have high thermoelectric figure-of-merit ZT because the phonon softening and lattice distortion give rise to low
thermal conductivity and the low dimensionality is critical to enhance power factor S2σ, where S is the Seebeck coefficient and
σ is the electrical conductivity. Here, we investigate the thermoelectric properties of Sn-intercalated compounds SnxTiSe2.
Polycrystalline SnxTiSe2 (x=0.02, 0.1, 0.5, and 0.7) alloys were synthesized by solid state reaction and hot press sintering.
From the x-ray diffraction measurement, the a- and c-axis lattice parameters increase slightly indicating the systematic
intercalation by Sn atom. Because the compounds have layered crystal structure, we observed anisotropic thermoelectric
properties along the in-plane and the out-of-plane to the hot press direction even in the polycrystalline materials.

P4-D158*

Effects of Annealing Temperature and Oxalic Acid Concentration on Structural Properties
of Porous Anodic Alumina
CHO Sam Yeon, KIM Jin Woo, BU Sang Don
Department of Physics, Chonbuk National University.
Porous anodic alumina (PAA) is expected to be applications as water filtration and gas separation requiring proper
mechanical/chemical strength. The crystallized alumina is thermally stabilized and chemically resistant to acid and
base. Therefore, there is need to understand about phase transition of amorphous phase going into alpha phase as well as
intermediate phases. In this study, we report the effects of annealing temperature and oxalic acid concentration on
morphological and sructural properties of the PAA. The PAA was fabricated at various oxalic acid concentration (0.1 - 0.5 M)
and annealed from room temperature to 1100 oC under air for 30 min. In the case of the PAA anodized in 0.3 M oxalic acid, it
was transformed from amorphous phase to gamma-alumina at 850 oC, and the intermediate phase was varied from gammaalumina to delta-alumina at 1050 oC. The mixed phase consisting of delta and alpha-alumina was formed at 1100 oC. However,
the PAAs fabricated at different oxalic acid concentrations, there were other trends. We will discuss on the different phase
transition originated from the anion impurities of PAA incorporating from electrolytes during anodization process.
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Low temperature fabrication of conducting ITO thin films by excimer laser annealing
,

,
1
. ETRI.

,

1,

Indium tin oxides (ITOs) are widely used as transparent conductingmaterials due to its physical
properties of good electrical conductivity and optical transparency in the visible region. There are
various techniques to prepare the ITO films, such as evaporation, sputtering, and sol-gel coating. In this
work, we studied a low temperature fabrication of ITO films using both sol-gel coating and excimer
laser annealing. Due to short absorption depth of ultraviolet laser pulses, the laser annealing could be
applied to various flexible substrates, which requires low process temperature. We compared the
influence of laser annealing on the physical properties of the ITO films by monitoring electric and
optical characteristics. Finally, we could obtained the ITO films with the lowest sheet resistance of a
few kΩ with the highest electric mobility over 1 cm2/Vs by applying the laser annealing method with
the process temperature below 200 . [Acknowledgement: NRF-2012R1A1A2043619]
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Effect of sintering temperature in Electrical properties on 0.67BiFeO3-0.33BaTiO3 lead-free

ceramics
,

,

,
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.
.
.
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. In
this presentation, 0.67BiFeO3-0.33BaTiO3 bulk ceramics with different sintering temperature were formed using a solid state
reaction. Structures of 0.67BiFeO3-0.33BaTiO3 bulk ceramics were investigated X-ray diffractometer. Sintered at 980 oC,
Ferroelectric and piezoelectric properties of 0.67BiFeO3-0.33BaTiO3 bulk ceramics were observed. Furthermore, leakage
current density was lower exhibited with 980 oC sintering temperature. More detailed properties of the 0.67BiFeO30.33BaTiO3 bulk ceramics with different sintering temperature will be discussed in the presentation.

P4-D162*

Enhanced dielectric properties induced by ZnSnO3 nanoparticles in flexible PVDF-TrFE

polymer nanocomposites
KIM Ill Won, ULLAH Amir, AHN Chang Won, TANGE Achiri
Department of Physics and EHSRC.
ZnSnO3 nanoparticals prepared by sol gel process and were used as dielectric fillers in poly(vinylidene fluoridetrifluoroethylene) (PVDF-TrFE)-based nanocomposites. Highly flexible polymer nanocomposite films were fabricated via spin
coating method. Enhanced dielectric permittivity was obtained at a low volume fraction of ZnSnO3 nanoparticles. The
enhanced ferroelectric properties in the nanocomposites with Pr (6.3 mC cm-2 along with low coercive field (Ec) of 48MV/m
was achieved in the nanocomposites for 5.0 vol% ZnSnO3 nanoparticles. The films exhibited high dielectric constants of up to
39 at 1 kHz and significant low-frequency dielectric properties were discussed. Moreover, interfacial polarization, crystal
phase effect, and thermal agitation are considered to analyze the significant increase in dielectric behaviors.In DSC study the
Curie point TC, the melting point Tm and enthalpy DH of the P(VDF-TrFE) film is found to be 114oC, 150.03oC and 28.06 j/g,
respectively. However, Tm and DH were observed to increase with increasing of ZnSnO3 nanoparticles up to 5.0 vol%.
Further, heat capacity CE was found to be 1.65 J/g.K for pure P(VDF-TrFE) film. The enhanced ferroelectric, dielectric and
best thermal stable properties are attributed to the improved crystallinity of the polymer nanocomposites induced by the
ZnSnO3 nanoparticles.

P4-D163*

Gamma-ray irradiation effects on structural and electrical properties of (K0.5Na0.5)

(Mn0.005Nb0.995)O3 thin films
KIM Byung Hoon, YANG Sun A, JEON Do Hyen, SEOG Hae Jin1, KIM Il Won1, LEE Min Ku2, LEE Gyoung Ja2, BU Sang
Don
Department of Physics, Chonbuk National University. 1Department of Physics, University of Ulsan. 2Nuclear Materials
Development Division, Korea Atomic Energy Research Institute.
Radiation effects on the electrical properties of ferroelectric materials have been studied for use of them in devices operated
under irradiation environment conditions. (K0.5Na0.5)(Mn0.005Nb0.995)O3 (KNMN) is a highly promising candidate for
replacing the lead-based ferroelectric materials. In this work, we investigated gamma-ray irradiation effects on structural and
electrical properties of KNMN thin films. The KNMN thin films were subjected to gamma radiation with various total doses
from 10 kGy to 3000 kGy. As a total dose increases, about 10 % of the remanent polarization value decreased for the KNMN
thin films. The dielectric constant of the KNMN thin films also decreased much from 678 to 462.
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SnO2 sol-gel films fabricated by excimer laser annealing
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Transparent conduction oxide (TCO) has an electrical conductivity and the optical transparency in the visible light region.
Among TCOs, tin oxides (SnOx or doped SnOx) is one of the most widely used materials. In this study, we applied the excimer
laser annealing (ELA) on the sol-gel coated layers as a substitute way of the conventional high temperature annealing at above
400℃. Because the intense ultraviolet laser pulses transmit within a short time scale of 20 ns, it can reduce the total treatment
time and also reduce the process temperature below 200℃. We compared the ELA method with the conventional heat
treatment method by using various analyses, such as electrical, structural, and electronic structure measurements. As a result,
we could discuss how the ELA can improve physical properties of the sol-gel film based on the microscopic understanding of
laser-matter interaction model. [Acknowledgement: NRF-2012R1A1A2043619]
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Structural, Electrical and Multiferroic Properties of La-doped Bi2Fe4O9 Thin Films

1,
2
, RAGHAVAN C. M.,
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2
,
.
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.
Pure Bi2Fe4O9 and La-doped Bi2Fe4O9 ((Bi1.95La0.05)Fe4O9) thin films were prepared on Pt(111)/Ti/SiO2/Si(100) substrates
by using a chemical solution deposition method. The effects of La-doping on the structural, electrical and multiferroic
properties of the Bi2Fe4O9 thin films were investigated. The structures of the thin films were characterized by X-ray diffraction
patterns and Raman spectra. Their electrical and multiferroic properties, such as leakage current density, dielectric behavior,
remnant polarization, coercive electric field and magnetic property, were systematically investigated and the results were
discussed in detail.

,

,

1
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Synthesis of uniform WS2 thin films by using both CVD and e-beam evaporation
,

,
,
.
Layered transition metal dichalcogenides (TMDCs) (such as MoS2 and WS2) have complex optical properties, band structures
and electrical properties depending on the layer thicknesses. Especially, the photoluminescence (PL) intensity changes
sensitively depending on the decreasing number of layers due to change of the indirect optical transition toward the direct one,
so that it allows photonic applications such as photo-detectors and transparent transistors. We grow WS2 thin films by
sulfurization of e-beam evaporated W and WO3 films in chemical vapor deposition (CVD). We characterized the WS2 thin
films by using the raman spectroscopy, PL, and atomic force microscopy (AFM). Therefore, we could fabricate uniform WS2
thin films with controlled thickness and further discuss interesting physical properties. [Acknowledgement: NRF2012R1A1A2043619]
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Thermoelectrical properties and possible Kondo effect in Ag2Te/SnTe composite

OH SUEKYUNG, LEE MinHo, RHYEE Jong-Soo
KyungHee University.
SnTe is known as a topological crystalline insulator (TCI) of which the surface metallic state is protected by the mirror
symmetry. Also, it was proposed that the Ag2Te may have topological protected surface metallic state preserved by the timereversal symmetry and Z2 invariance. We successfully synthesized the phase separated bulk composite of Ag2Te/SnTe from
the quenching, annealing, and hot pressing methods. The low temperature electrical resistivity measurement shows the broad
minimum of resistivity near 50 K. The temperature of resistivity minimum is decreased with increasing magnetic fields. From
the measurements of heat capacity and magnetization, we investigated the possible Kondo effect in Ag2Te/SnTe bulk
composite.
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Transition Metal-doped BiFeO3-BaTiO3 Bulk Ceramics System with improved Electric

Properties
1,
1,
1,
2
, KUMAR S.,
,
,
1
2
.
.
.
BiFeO3–BaTiO3 (BF–BT) solid solution bulk ceramic is presented as potential lead-free piezoelectric ceramic. Many
researchers have reported and focused on the ferroelectric and piezoelectric properties of BF-BT based system. In this poster,
Pure 0.67BiFeO3-0.33BaTiO3 (67BF-33BT), Mn doped 67BF-33BT, and Zn-Mn co-doped 67BF-33BT bulk ceramics was
prepared via a typical solid-state reaction process. The aim of improving electric properties is Mn doped and Zn-Mn co-doped
67BF-33BT bulk system compared to 67BF-33BT bulk system. The crystalline structures, leakage current, ferroelectric and
piezoelectric properties of the ceramics were investigated.

,

,
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Investigation of The Photoluminescent Properties of Yellow Emitting CaSrSiO4:Eu2+
Phosphors Conconted throuth Sol-gel Approach
WOO Hyun-Joo, GANDHI Sakthivel1, KWON Bong-Joon1, SHIN Dong-Soo2, JANG Kiwan
,
. 1
,
. 2
,
.
White light emitting diodes (w-LEDs) are the most important solid-state light source due to many advantages over traditional
light sources such as long lifetime, high luminance efficiency, high brightness, low power consumption and environmental
friendliness. White light is generally created by the combination of blue LED chips and a yellow phosphor, which has low
color rendering index and efficiency. Therefore, development of red phosphor with high efficiency is needed to improve the
performance of w-LEDs.To meet the challenges and additional requirements towards the development of white LED’s with
utmost efficacy, a sol-gel approach is adopted wherein a water soluble silicon compound is used as a silica source. This is the
prime and novel attempt to study the influence of sintering temperature with varying the concentrations of strontium calcium
(Sr/Ca). The phosphor material obtained as subjected to detailed structural, morphological and luminescent studies. The
structure of the synthesized phosphors were analyzed using powder x-ray diffraction studies. The morphology was observed
using a field emission scanning electron microscope. Excitation and emission spectra were recorded using a
spectrofluorometer. A systematic investigation was carried out to study the effect of sintering atmosphere, temperature and
dopant concentration on the photoluminescent properties of CaSrSiO4:Eu2+phosphors.

P4-D170

Optical Properties of Ca2SiO4:Eu2+, Sr2SiO4:Eu2+, and CaSrSiO4:Eu2+ Phosphors
Prepared by Solid State Reaction
KWON Bong-Joon, GANDHI Sakthivel, WOO Hyun-Joo1, SHIN Dong-Soo2, JANG Kiwan1
,
. 1
,
. 2
,
.
The white light emitting diode (WLED) can be considered as the most general solid-state lighting source for the next
generation because of its high emission efficiency, short response time, and long lifetime. These can be achived by WLED
using blue, green, yellow, or red phosphors including various host materials, employing the blue InGaN or ultraviolet (UV)
LED. For the pure white emission with a specific color rendering and temperature, the combination of LED and phosphor
(phosphor converted WLED) is important because the combination of red, green, and blue LEDs for white light has some
disadvantage, such as spectral shift by temperature and differential ageing of each LEDs. Therefore, the research on phosphors
with high efficiency and excellent color rendering index are needed for the development of WLED. Recently, the studies on
green and red phosphors based on silicates excited by near UV or blue are important due to their outstanding thermal,
chemical, and mechanical stability, along with structural diversity and optical properties. In this work, Ca2SiO4:Eu2+,
Sr2SiO4:Eu2+, and CaSrSiO4:Eu2+ phosphors were synthesized by solid state reaction method with various Eu concentration
and sintering temperature. The prepared phosphors were studied by means of scanning electron microscopy, energy dispersive
x-ray spectrometer, x-ray diffraction, photoluminescence (PL), and PL-excitation (PLE). The relative PL experiment was
conducted by using well-organized sample holder on the x-y stage and fixed fiber detector. The PLE was measured to
investigate the origin of the emissions with varying excitation wavelength.

P4-D171

Structural properties on paramagnetic ions in mixed crystals [N(CH3)4]2Zn1-xCoxCl4

(x=0, 0.5, 0.7, 0.9, and 1) by magic angle spinning nuclear magnetic resonance
,

1,

1

. 1
.
The temperature dependences of chemical shift and the spin-lattice relaxation time in rotating frame T1ρ were measured for
1H

and

13C

nuclei in [N(CH3)4]2Zn1-x CoxCl4 (x=0, 0.5, 0.7, 0.9, and 1). The mixed crystals varied in color according to the

amount of Co2+ ions, whereas the phase transition temperatures do not nearly changed. The [N(CH3)4]2ZnCl4 and [N(CH3)4]
2CoCl4

contains two inequivalent types of a-N(CH3)4 and b-N(CH3)4, and two crystallographically different ions a-N(CH3)4

and b-N(CH3)4 were distinguished using 13C CP/MAS NMR. Also, the existence of ferroelastic properties at low temperature
was discussed. The NMR spectrum and T1ρ of x=0.5 and x=0.7 was similar with those of [N(CH3)4]2ZnCl4, whereas those of
x=0.9 was absolutely different; the [N(CH3)4]2Zn0.1Co0.9Cl4 is coexist the structural properties of the both [N(CH3)4]2ZnCl4
and [N(CH3)4]2CoCl4.
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Crystal growth and thermal properties of the Tutton salt Cs2Fe(SO4)2·6H2O single

crystal
1,

,

1,

1
1

.
.
Thermal properties and phase transitions of the Tutton salt Cs2Fe(SO4)2·6H2O were investigated using thermogravimetric
analysis, differential scanning calorimetry, and nuclear magnetic resonance. The first occurrence of mass loss is at
approximately 321 K (=Td) and is interpreted as being the onset of partial thermal decomposition. Phase transitions were
observed at 356 K (=TC1) and 450 K (=TC2). The temperature dependence of the NMR spectrum and spin–lattice relaxation
time T1 for the

133Cs

nuclei abruptly changes near TC1. These changes are associated with changes in the geometry of the

water and five SO4 oxygens around the Cs ions.
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Effects of La-doping on Multiferroic Properties of Chemical Solution Deposited
Bi6Fe2Ti3O18 Thin Films
1
, RAGHAVAN C. M.,
,
,
,
,
1
,
.
,
.
Recently bismuth layer-structured ferroelectric (BLSF) thin films have caused extensive attention as promising materials for
the nonvolatile ferroelectric random access memories due to their fatigue-free performance with Pt electrode. A Bi6Fe2Ti3O18
(BFTO) is one of the BLSFs. However, there were a few reports on the un-doped and doped BFTO thin film forms. In this
study, pure BFTO and La-doped BFTO (Bi6-xLaxFe2Ti3O18, x = 0.3, 0.6 and 0.9, represented as BLFTO3, BLFTO6 and

BLFTO9) thin films were prepared on Pt(111)/Ti/SiO2/Si(100) substrates by using a chemical solution deposition method.
Among the thin films, the BLFTO6 thin film showed better ferroelectric properties than other thin films. For the BLFTO6 thin
film, the values of remnant polarization (2Pr), dielectric constant and leakage current density were found to be 19.8 µC/cm2 at
410 kV/cm, 529 at 1 kHz and 2.04×10-4 A/cm2 at 100 kV/cm, respectively.

P4-D179

Ferroelectric properties of epitaxial CaBi2Nb2O9 thin films on single crystalline Nb doped
(100) SrTiO3 substrates
,

,
,

.

The highly epitaxial CaBi2Nb2O9(CBNO) thin films grown by pulsed laser deposition on (100) Nb-doped SrTiO3(Nb:STO)
substrates exhibited ferroelectric properties and much better than those previously reported. The structure, surface morphology
and electrical properties of CBNO thin films have been investigated. Because the CBNO thin films shown ferroelectric nature,
hysteresis curve was scrutinized at room temperature. Remanent polarization and drive voltage values were 10.6 μC/cm2 and
170 kV/cm respectively for a maximum applied voltage of about 400 kV/cm. Fatigue measurement was conducted until 1
1012 switching cycles, resulting in normal switching characteristics for these films. Mosaic-like domain structure was observed
and piezoelectric behavior was described in response to applied voltage.
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NMR behaviors of two inequivalent protons in paraelectric phase RbH2AsO4 by single-

crystal NMR and MAS NMR
,

1,

2

. 1
. 2
.
The temperature dependences of the line widths and the spin–lattice relaxation times in the laboratory frame, T1, and in the
rotating frame, T1ρ, for the paraelectric phase of RbH2AsO4 were investigated using a Fourier transform NMR spectrometer.
We distinguished the dynamics of two distinct hydrogen bonds, H(1) and H(2), in RbH2AsO4 through single-crystal NMR and
MAS NMR measurements. The behaviors that produced the strong T1 and T1ρ temperature dependences for H(2) in
RbH2AsO4 were related to reorientational motion.

P4-D182

Photocurrent Characteristics and Stability of the Monoclinic Phase in the Ferroelectric Nbdoped PZT Ceramics
KIM Jong-Pil, AHN Chang Won1, KIM Ill Won1, KIM Jung-Ha, BAE Jong-Seong, HONG Tae Eun
. 1
.
Ferroelecttric perovskite materials, such as lead zirconate titanate (PZT), a morphotropic phase boundary (MPB) that
segregates in two regions of different symmetry, rhombohedral for Zr-rich compositions and tetragonal for Ti-rich
compositions. Recently, high-resolution x-ray diffraction measurements on extremely homogenous samples by Noheda et al.
showed that an intermediate monoclinic phase exists between the rhombohedral and tetragonal PZT phases. Many aliovalent
compositional alterations to PZT have been studied either with higher valence substitutions (donors; Nb5+), either with lower
valence ions(acceptors). PZT were optimized by the addition of donor dopant ions, leading to the well-known highperformance Nb doped.In this study, Nb-doped PZT ceramics were prepared by solid state reaction method. The phas
formation processes and micorstructures were examined by X-ray diffraction (XRD) and electron backscatter diffraction
(EBSD). The stability region of all two phases, monoclinic and tetragonal has been established from high-resolution x-ray
diffraction measurements in Nb-doped PZT ceramics. The ferroelectric properties and photocurrent behaviors of the Nb-doped
ceramics are discussed. Acknowledgments; This work was supported by Korea Basic Science Institute (KBSI) Grant C34223
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Structural and Electrical Properties of Mn-doped Bi6Fe2Ti3O18 Thin Films Fabricated by

Chemical Solution Deposition Method
1
, RAGHAVAN C. M.,
,
,
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.
,
.
In this study, pure Bi6Fe2Ti3O18 (BFTO) and Mn-doped BFTO (Bi6Fe2-xMnxTi3O18, x = 0.5, 1.0 and 1.5, represented as
BFMTO05, BFMTO10 and BFMTO15) thin films were prepared on Pt(111)/Ti/SiO2/Si(100) substrates by a chemical solution
deposition method. The crystal structures and the surface morphologies of the thin films were characterized by means of X-ray
diffraction, Raman scattering spectra and scanning electron microscopy. For electrical measurements, the upper platinum dot
electrodes with areas of 1.54×10-4 cm2 were deposited by an ion sputter through a shadow mask. The improved electrical
properties were observed in the Mn-doped BFTO thin film compared to the pure BFTO thin film.

,
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Thermal Stability and the Electronic Structure of Croconic Acid (H2C5O5) Crystal: An

Example of Organic Ferroelectrics
LEE Kwang-Sei, OH In-Hwan1, PARK Garam1, PARK J. M. Sungil1,
BAE Jong-Seong2, KIM Hyun Gyu2
Department of Nano Science & Engineering, Center for Nano
Manufacturing, Inje University, Gimhae. 1Neutron Science Division,
Korea Atomic Energy Research Institute, Daejeon. 2Korea Basic
Science Institute, Pusan.
Croconic acid (H2C5O5) crystal is the room-temperature organic
ferroelectric discovered by Horiuchi et al. [1] in 2010. However,
ferroelectric-paraelectric phase transition is not observed due to the onset of thermal decomposition near 177 oC.
Thermogravimetry (TG) and differential scanning calorimetry (DSC) were applied for detection of competition between
ferroelectric-paraelectric phase transition and thermal decomposition in as-purchased (98 %) powder. The electronic structure
has been studied by means of core level x-ray photoelectron spectroscopy (XPS). Wide set of experimental results on binding
energy of photoelectrons emitted from C 1s, O 1s, N 1s, and S 2p core levels has been observed. The assignment of peaks in
the photoemission spectra were made on the basis of crystallographic structure with two independent proton environments [H
(1) and H(2)] involved in O-H---O hydrogen bonds, resulting in more insight into the hydrogen bond interaction. The powder
x-ray diffraction pattern was carried out to detect the impurity and/or secondary phase formed by nitrogen (N) and sulfur
(S). [1] S. Horiuchi et al., Nature 463, 789 (2010).
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Magnetic instability in (La0.2Sr0.8)2RhO4: Studies of DMFT

AHN Kyo-Hoon, KUNES J.1, LEE K.-W.
Department of Applied Physics, Graduate School, Korea University, Sejong. 1Institute of Physics, Academy of Sciences of the
Czech republic, Cukrovarnick’a 10, Praha 6, 162 53, Czech Republic.
The layered perovskite Sr2RhO4 has been received attention due to a possible unconventional superconductivity as in
Sr2RuO4 and the interplay of strong correlation and spin-orbit coupling, which is unusual in a 4d system. Recently, a magnetic
ordering has been observed, as Sr ions are replaced by La ions by 20%.[1]We consider the effects of electron doping and spinorbit coupling within both LDA+U and the dynamical mean-field theory (DMFT). In 20%-doping level, our results show a van
Hove singularity at the Fermi energy, indicating a strong magnetic instability. In LDA+U calculations, all magnetic states
studied here are nearly degenerate, implying unusual magnetism. Furthermore, throughout calculations of DMFT, we have
investigated evolution of magnetism and variations of mass enhancement for various doping level. We will discuss on
possibility of a unconventional superconductivity in La-doped Sr2RhO4. Acknowledgements: We acknowledge C. Kim for
providing their experimental data and fruitful discussions, and R. Arita for useful discussions. This research was supported by
NRF-2013R1A1A2A10008946. [Reference][1] C. Kim and C. Kim, unpublished.
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Drude-Lorentz analysis of Ni-doped Ba-122

LEE Seokbae, JUNG Eilho, ROH Seulki, PARK Sangheon, CHOI Kiyoung1, HWANG Jungseek
Department of physics, Sungkyunkwan University. 1Department of physics, Seoul University.
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Coulomb interaction gap in Al-SiO2-Si:P

KIM Jongmin, JO Yongcheol, WOO Hyeonseok, KIM Seonhoo, CHOI Jiman, KIM Inho, PARK Wooyoung, LEE Jongkyung,
CHO Hansol, CHO Sangeun, HAN Jaeseok, IM Hyunsik, KIM Hyungsang, LEE Donguk1, KIM Eunkyu1
Dongguk University, Division of Physics and Semiconductor Science. 1Hanyang University, Quantum-Function Research
Laboratory and Department of Physics.
In this study, Metal-Insulator-Superconductor (NIS) tunneling devices are fabricated using highly P-doped Si, thermally
oxidized SiO2 tunnel barrier and Al superconducting electrodes. Electrical transport characteristics are investigated as
functions of temperature and magnetic field down to 30mK and up to 1800 gauss. Coulomb interaction induced Cusp-like
DOS gap features are observed in the subgap leackage region.

P4-D190*

Electronic anisotropy in BaFe2As2 family revealed by temperature dependent ARPES

studies
,
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1Advanced
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,
2
Light Source. National Institute of Advanced Industrial Science and Technology.

3
.
.
BaFe2As2 family is one of the representative systems in iron pnictide superconductors. Electronic anisotropy has been
observed in BaFe2As2 family that appears even above its structural temperature. Orbital ordering might be considered driving
mechanism of electronic anisotropy and orbital fluctuation might be related to superconductivity. It can be investigated by
looking at split ARPES bands which are related to anisotropy in orbital occupation. A temperature dependent study of band
splitting is expected to provide valuable insight in electronic anisotropy and its relation to superconductivity.

P4-D191*
2As2]5

Evidence of Two Dimensional Superconducting Fluctuation Ca1-xNax(Pt3As8)[(Fe0.97Pt0.03)

Single Crystal

SHIN soyeon, MIN Byeong Hun, CHO Hyunyong, KO Minjee, KWON Yong Seung
Daegu Gyeongbuk Institute of Science and Technology (DGIST), Department of Emerging Materials Science.
Since the LaFeAsO1-xFx superconductor(SC) was discovered, various type of iron-based superconductors (IBSs) with a
layered structure have been actively investigated. Recently, new type IBSs, so called Ca 10-3-8 SC, is discovered, which has a
new layer of PtAs. The parent compound of Ca 10-3-8 was not shown the metallic behavior and SDW transition like other
IBSs. The Ca 10-3-8 SC was only reported so far the properties of electron doped SC. So we investigated the properties of hole
doped Ca 10-3-8 SC, actually Na doped Ca 10-3-8 SC and bulk superconducting properties appear in optimally Na-doped
Ca8Na2(Pt3As8)[(Fe0.97Pt0.03)2As2]5 SC consequently. The phenomena in the vicinity of the transition temperature Tc are
important to understand superconducting state because it is dominated by the superconducting fluctuation effect. The present
work is an attempt to study the superconducting fluctuation of Ca8Na2(Pt3As8)[(Fe0.97Pt0.03)2As2]5 single crystal by means of
magnetization measurements that provides for the dimensionality of fluctuation. We analyze the dimensionality by using the
scaling theories developed by Ullah and Dorsey. The results are more close to the 2D than 3D scaling at the critical region.

P4-D192*

Superconducting parameters of Sn1-xInxTe singlecrystalline compounds

KIIM Ka ryeong, RHYEE jong-soo
,
.
SnTe has been known as a topological crystalline insulator (TCI). TCI is produced by the inversion symmetry of crystal,
Instead of time-reversal symmetry and Z2 Invariance. Recently, the superconducting properties were discovered in In-doped
Sn1-xInxTe compounds. which is believed to ce the first superconductor with TCI. We synthesized Sn1-xInxTe (x=0.1, 0.2
0.3, 0.4, and 0.5) single crystals by the flux method. From the electrical resistivity, magnetization and heat capacity
measurements, we obtained superconducting parameters such as the critical temperature, upper- and lower-critical magnetic
fields, coherence length, penetration depth, and Ginzburg-Landau and Bardeen-Cooper-Shrieffer (BCS) theory. The study of
"coupling regime of superconductor" was researched by analyzing the Ginzburg-Landau theory and BCS theory.

P4-D193

A Study Of Local Superconducting Properties Of SmBCO Coated Conductors

RI Hyeong-Cheol, PARK Heeyeon, KIM Muyong, PARK Sangkook, OH Sangsoo1
Kyungpook National University, Physics. 1Korea Electrotechnology Research Institute.
To enhance the global critical current distribution and reduce ac losses in a superconductor, it is necessary to understand
current limiting factors and their influence on such a critical current. By this point of view, we have investigated physical
properties such as local critical temperature, local critical current density and local hysteresis of a SmBCO coated conductor by
using low-temperature scanning hall probe and laser microscopy.In the remanent magnetic field state, the local current pattern
of a SmBCO sample can be explained well based on the critical state model. And we obtained the local critical current density
by the local hysteresis measurement. We also figured out the current density distribution by estimating from that of measured
magnetic field using the Biot-Savart law. In addition, it is possible to investigate the local critical temperature distribution by
using low temperature scanning laser microscopy.The results lead us to map the homogeneity of the physical properties of
SmBCO sample two dimensionally and locally in a nondestructive manner.

P4-D194

Effects of Eu/Tb and Ce/Tb substitutions on the Structure and Magnetic Properties of
RuSr2(Eu1.2Ce0.8)Cu2Oz
LEE H.K., KIM G.W., KIM Y.I.1
,
. 1

.

Polycrystalline samples of RuSr2(Eu1.2-xTbxCe0.8)Cu2Oz (Eu/Tb samples) and RuSr2(Eu1.2Ce0.8-xTbx)
Cu2Oz (Ce/Tb samples) for 0 ≤ x ≤ 0.3 were synthesized by a solid state-state reaction method. The
structure and physical properties were investigated by means of X-ray diffraction (XRD), transport and
magnetization measurements. It is found that Ce/Tb substitution resulted in a negligible change in the
magnetic ordering temperature and a reduction of weak-ferromagnetic component of the field-cooled
(FC) magnetization, in contrast to the (Eu/Tb) samples which showed an increase in the magnetic
ordering temperature with no prominent change in the FC magnetization at low temperatures, as the Tb
doping content increases. The structure and magnetic behaviors induced by Tb doping are discussed in
conjunction with the change in hole concentration and the local structural changes in the Ru sublattice,
based on the results of Rietveld refinement of the XRD data.

P4-D195

Analysis Of The Local Magnetic Field In YBCO Coated Conductors With Striation Using
Low Temperature Scanning Hall Probe Microscopy
RI Hyeong-Cheol, KIM Muyong, PARK Heeyeon, PARK Sangkook
Kyungpook National Universitiy, Department of Physics.
It is meaningful to measure the local magnetic field in YBCO coated conductor for understanding changes of superconducting
properties by transforming geometry. In this study, we made three types of samples which have different shapes of striation.
We measured the stray magnetic field just above YBCO coated conductor in presence of external magnetic field by using Low
Temperature Scanning Hall Probe Microscopy (LTSHPM). The measured magnetic field can be transformed into current
density by the inversion calculation. These current density distributions indicate how the screening current flows in YBCO
coated conductors. The one bridge type sample represent typical circular screening current flow. But the two bridge type and
the three bridge type sample present two types of screening current flow pattern which come from its geometrical
characteristic.

P4-D196

Dependence of Transition Properties of the YBCO Superconductor on the Energy and the
Irradiation Dose of the High-energy Electron -beam
LEE Sung Hoon, KIM Hye-Won1, KIM Byungnam1, LEE Byung Cheol1, LEE Soon-Gul
. 1Korea Atomic Energy Research Institute.
We have studied effects of the high-energy electron-beam irradiation on the transport properties of YBCO microbridges,
bicrystal junctions and step-edge junctions. We used the electron-beam energy of 300 keV, 500 keV, 1 MeV, and 1.5 MeV,
and the radiation dose of 0 to 2.5x1016 e/cm2. We measured the critical current, the transition temperature, and the normal state
resistance. For all used beam energies, the measured critical current data showed a significant change as the irradiation dose
increased with the magnitude of the change larger at higher beam energies. The critical curretn density of the GB junctions
increased gradually with increasing dose, reached the maximum at 7.5x1014 e/cm2, and decreased rapidly at 2.5x1016 e/cm2.
On the other hand, the microbridges showed a monotonic decrease with increasing dose for all energies except 300 eV. For all
the samples, with increasing dose the superconducting transition temperature nearly unchanged and the normal resistance
increased by about 20 % in maximum. The irradiation effect was the largest for the bicrystal junction and the least for the
microbridge.

P4-D197

Influence of Precursor Pre-processing on Superconducting Property of MgB2

SINHA B. B.,
,
,
.
Since long after the discovery of superconductivity, the superconducting wire technology still heavily depends on the Nbbased superconductors for reliable application. This technology is not only expensive but it completely relies on Liquid He for
its functioning. This poses a huge limitation on the prudent commercialization of superconducting wire based applications. At
present scenario, no other candidate is as suited as MgB2 with the Tc=39K towards the replacement of Nb-based system to give
due freedom from Liquid He. But the current limitation in MgB2 is that it has comparatively lower critical current density even
if it has a relatively higher Tc. This limitation can be partially addressed by considering the reduction of impurity in terms of
reduced oxide content and better Mg to B granular interactions. This would require the pre-processing of the powder precursor
before the reaction with each other. In present research work, we present our efforts to improve better particle to particle
contact in Mg and B and improve the overall critical current density of un-doped bulk in-situ MgB2 superconducting samples.

P4-D198

The Non-Classical Rotational Inertia of Solid Helium-4 Contained in Rigid Double
Pendulum Torsional Oscillator
CHOI Jaewon, SHIN Jaeho, KIM Eunseong
Center for Supersolid and Quantum Matter Research, Department of Physics, Korea Advanced Institute of Science and
Technology, 373-1 Guseong-dong, Yuseong-gu, Daejeon, Republic of Korea.
Ever since Kim and Chan had reported the unexpected period drop in their torsional oscillator (TO) containing solid helium-4
as the first evidence for supersolidity, the proper explanation of the physical origin underlying this anomalous behavior has
been discussed for many years. The change in shear modulus of solid helium-4 at low temperature was one of the possible
alternative explanations, but its contribution to the period drop turned out to be insufficient in accounting the total period drop.
However, Reppy, Beamish, and Maris found that the effect of the change in shear modulus on the period drop of TO can be
amplified if TO is built “soft”, which can indeed explain the large period drop observed in the original Kim & Chan’s torsional
oscillator experiment. In this study, we design the rigid torsional oscillator which eliminates any possible shear modulus
effects. The solid helium container made by the torus-shaped copper tubing was silver soldered to the copper plate, and finally
attached to the torsion rod by four stainless still screws. The TO has a large mass loading of 40,000ns, which allows us to
measure the NCRI as small as 0.00025%. Furthermore, the rigid torsional oscillator is designed to be the double-pendulum, so
that it has two resonant frequencies: in-phase mode (447Hz) and out-of-phase mode (1143Hz). This particular design enables
us to investigate the frequency dependence of NCRI in solid helium-4 and determine whether the observed period anomaly
comes from superfluidic origin or elastic effect origin.

P4-D199

Variation of the extended s-wave superconducting order parameter

CHUNG Hyunhee, KIM Heesang1, KIM Nammee2
Soongsil university , Physics. 1Soonsil university , Physics. 2Soongsil university, Physics.
We study the effect of variation of the gap anisotropy on superconducting properties ofthe extended s-wave order parameter
by using a model order parameter (Δ(k) =Δ0((1-x)+x sinθ^4cos4φ) ). We study the evolution of the gap amplitude, the density
of states, and the specific heat by adding g-wave components in s-wave component. When the s-wave components dominate,
there is the existence of a finite sized gap.When the s-wave components and g-wave components is equal, the point nodes
appear, while for x > 0:5, line nodes appear. Although they are differrent kinds of nodes which would usually induce different
power-law dependencies in superconductingproperties, interestingly enough, they give rise to the same characteristic
behavior.This research was supported by Basic ScienceResearch Program through the National Research Foun-dation of Korea
(NRF) funded by the Ministry of Educa-tion, Science and Technology (grant 2012R1A1A2006303and 2010-0021328).

P4-D200

Weak-coupling Effects in Ba0.6K0.4Fe2As2 Inter-granular Nanobridge Junctions

LEE Sung Hoon, HONG Sung-Hak, LEE Nam Hoon1, KANG Won Nam1, LEE Soon-Gul
. 1
.
We have fabricated intergrain nanobridge junctions from a Ba0.6K0.4Fe2As2 film and observed their weak coupling effects. We
prepared the junction by patterning a nanobridge across a natural grain boundary by using a focused ion beam etching
technique and studied their superconducting transition properties. The resistive transition showed three steps: the transitions of
the bulk, the microbridge, and the junction grain boundary. Current-voltage curves showed typical Josephson junction
characteristics, well-matched with the resistively-shunted-junction model incorporated with thermal fluctuations. Data-fit-totheory showed much larger current fluctuations than expected from the Johnson-Nyquist theorem. The junction showed a
linear temperature-dependence of the critical current and a constant normal-state resistance, indicating that the grain boundary
played a role as a tunnel barrier with a very poor conductance. Details of the fabrication procedure and measured properties
will be discussed.
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P4-D202

Evidence of dimensionality by the analysis of superconducting fluctuations above and below
Tc in the single crystal Ca10(Pt4-dAs8)(Fe2-xPtxAs2)5 superconductor
DAWOOD Ahmad, SEO Y. L., CHOI W. J., KWON Yong Seung
Department of Emerging Materials Science, DGIST.
We present an analysis of the temperature dependence of the magnetization M(T) in the critical region below Tc and the region
above Tc in the single crystal of Ca10(Pt4-dAs8)(Fe2-xPtxAs2)5 superconductor. High quality single crystals of Ca10(Pt4-dAs8)
(Fe2-xPtxAs2)5 were grown by using modified Bridgman method. Results showed a well formed rounding effect in the M(T)
curves within a specific temperature range which becomes more prominent with increasing field. Moreover, a crossover in the
M(T) curves is observed near Tc which is indicative of the fluctuation effects in the sample. Furthermore, all the M(T) curves
are collapsed into a single line by using the Lowest Landau Level (LLL) theory and show the three-dimensional behavior in
the fluctuation region above and below Tc.

P4-D203

Simultaneous Heat Capacity and Torsional Oscillator Measurements On Solid Helium-4

KIM Sung A, SHIN Jaeho, KIM Eunsung
,
.
The simultaneous measurement in the heat capacity and the resonant frequency of a torsional oscillator containing solid He-4
is to be performed in relation with the thermal history of the sample. Torsional oscillator experiments exhibit a drop in the
resonant period induced by the increase in shear modulus of solid helium [1]. The heat capacity signatures at low temperature,
namely the peak and the temperature linear dependence in specific heat, characterize the glassy nature of solid helium [2] [3].
For this experiment, we constructed a cell with two designing principles: (1) the cell shall be “soft” so as to enhance the period
drop caused by the shear modulus increase of solid helium, (2) and materials shall be chosen to aptly perform the AC
calorimetric technique [4]. By concurrently monitoring the resonant period and the heat capacity of the solid He samples
grown with different quenching rates and He-3 impurity level, possible interplays of shear modulus and glassy nature is to be
determined.

P4-D204

Simultaneous observation of torsional oscillator and shear modulus measurement and
unusual shear modulus properties of ultra-pure helium-4
SHIN Jae ho, CHOI Jaewon, KIM Eunseong, SHIRAHAMA Keiya1
KAIST, Center for Supersolid & Quantum Matter Research and Department of Physics. 1Keio University Department of
Physics.
Since the observation of resonant frequency shift of torsional oscillator (TO) containing solid helium-4 with the decreasing
temperature [1], it has been considered to be a possible candidate exhibiting the supersolid state. Another anomalous property
is the increase in shear modulus when cooled down below 200mK [2]. Dependence of shear modulus of solid helium on
several parameters, such as temperature, drive amplitude, and the 3He concentration, was quite similar to those observed in
previous TO experiments. To confirm the relation between them, we made the torsional oscillator with a pair of concentric
shear PZT transducers inserted to simultaneously measure the resonance frequency of the TO and shear modulus of solid
helium. We found that they were indeed closely related with each other. Although the magnitude of onset stress and
suppression ratio were different, they could be explained by the soft structure of the torsional oscillator as well as the internal
motion of solid helium. Furthermore, we investigated the shear modulus of solid helium with low concentration of 3He
impurities (0.6ppb), and observed the weak frequency dependence and ultra-slow relaxation which were dissimilar from the
previous measurement which used the commercial pure solid helium (300ppb) [3].
[1] E. Kim and M.H.W Chan Nature 427, 225-227 (2004)
[2] J. Day and J. Beamish Nature 450, 853-856 (2007)
[3] O. Syshchenko, J.Day and J.Beamish Phys. Rev. Lett. 104, 195301 (2010)
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Superconducting properties of Bi2Sr2CaCu2O8+δ thin films incorporated witsh AIrO3 (A=

Sr, Ba) iridate nanoparticl
1,
1,
2, ALVIN Carl Santiago3, ROLAND V.
, JEFFREY DE VERO,
,
,
3
Sarmago
. 1KRISS. 2POSTECH. 3National Institute of Physics, University of the Philippines, Diliman 1101, Philippines.
Iridate nanoparticle AIrO3 (A=Sr, Ba) incorporated Bi2Sr2CaCu2O8+δ (Bi-2212) thin films were successfully grown using

pulsed laser deposition followed by ex-situ post heat treatment. Nano sized particles of SrIrO3 (Sr-iridate) and BaIrO3 (Bairidate) were deposited on top of MgO (100) substrate prior to the deposition of Bi-2212 layers to investigate its effects on the
physical and superconducting properties of Bi-2212 thin films. The number of laser pulses was changed from 450 to 1,800 to
control the density of iridate in the Bi-2212 matrix. The composite film is then subjected to ex-situ heat treatment that includes
partial melting at 890°C for 15 minutes and annealing at 850°C for 5 hours in ambient air. Scanning electron microscopy
shows that the surfaces of thin films with iridates are more compact with less of amounts of voids and minimal porosity
compared to pure Bi-2212 thin films. Meanwhile, the superconducting properties of Bi-2212 thin films were strongly
influenced by the type and number density of incorporated iridate. Both type of incorporated iridate suppressed Tc-zero of Bi2212 thin films while Sr-iridate strongly affected Tc-zero compared with Ba-iridate at low density. We also observed
expansion of the c-axis lattice constant and variation of Bi/Sr ratio of Bi-2212 films with the incorporation of iridates. On the
other hand, improvement of activation energy, U0, as well as self-field critical current density, Jc(0), was observed for iridate
incorporated Bi-2212 films even with suppressed Tc-zero.
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Superconductivity studies on CaC6 with angle-resolved photoemission spectroscopy
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We have performed angle-resolved photoemission for kz dependent electronic structure studies to investigate existence
of interlayer state on CaC6, a superconducting graphite intercalation compound with Tc = 11.6 K. We find that kz
dispersion exists only on graphene driven band and there is no signature of kz dispersive interlayer state at Γ point.
Momentum in z direction was changed by the two graphene πbands which split and hybridize each other. This
correlation suggests that overall electronic structure of CaC6 is similar to that of graphite with rigid band shift (2eV),
so graphene sheets play a crucial role in superconductivity in graphite intercalation compounds.

EF-01(

)

Exploring dynamical magnetism on a fs time-scale

AESCHLIMANN Martin
Department of Physics and Research Center OPTIMAS, University of Kaiserslautern, Germany.
Rapid progress in ultrafast x-ray science worldwide, both in high-harmonic and x-ray free electron laser sources, has paved
the way for a completely new generation of experiments investigating ultrafast processes in all areas of science. Femtosecond
and attosecond pulses are now available spanning the extreme ultraviolet and soft x-ray regions of the spectrum that are
perfectly synchronized to a laser. The focus of our research is to explore ultrafast dynamics in materials at fundamental
timescales where all elementary processes can be captured, even at the level of electrons. In my talk, I will present results
regarding the exchange of energy and angular momentum between electron phonon and spin system in different ferromagnetic
systems after an intense fs-laser pulse excitation. By combining the two complementary experimental concepts of spin-,
energy, and time-resolved two photon-photoemission (2PPE) and time-resolved magneto-optical Kerr effect (TR-MOKE) we
have a comprehensive access to the relevant spin-flip processes responsible for the ultrafast changes in the macroscopic
magnetization of thin ferromagnetic films. Using femtosecond soft X-ray pulses we were able to investigate the breakdown of
the magnetic coupling in heterogeneous magnetic materials on ultrafast timescales. We devote our work to the very
fundamental question of the possible mechanisms for the excitation of a spin system by femtosecond optical pulses. Focus is
put on the microscopic processes responsible for a single spin flip. The review concludes with a summary and an outlook to
the feasibility of laser control of magnetism at the nanoscale.

EF-02

All-optical Study of Spin Waves

YUN Sang-Jun, CHO Cheong-Gu, CHOE Sug-Bong
Seoul National University, Department of Physics.
Spin waves are the collective excitations occur in magnetic materials.
Spin waves have drawn attention in information processing and
communication as possible applications for spintronics. Recently, alloptical method to excite and measure spin waves by Faraday effect or
magneto-optic Kerr effect (MOKE) is introduced. In this study, spin
waves are generated by femtosecond laser and measured by timeresolved MOKE microscope system. A 30-nm thick CoFeB thin film is
prepared for the study by DC magnetron sputtering onto a 100-nm thick
SiO2 layer on the Si substrate. The pump fluence is about 25 mJ/cm2
and magnetic field of 4 kOe is applied to induce the precessional
motion, then propagating spin waves through the sample are measured
by changing the incident angle of the probing laser. Spin waves exhibit
distinct propagation behavior along the parallel or perpendicular to the
bias magnetic field and the propagation speed satisfies dispersion
relation. Further results will be discussed.
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Observation of spin dynamics in Co/Ni multilayers by femtosecond pulse laser

SONG Hyon-Seok, SOHN Jeong-Woo1, YANG See-Hun2, PARKIN
Stuart2, LEE Kyeong-Dong3, YOU Chun-Yeol4, HONG Jung-il, PARK
Byong-Guk3, SHIN Sung-Chul1
DGIST, Department of Emerging Materials Science. 1KAIST,
Department of Physics and CNSM and DGIST, Department of Emerging
Materials Science. 2Almaden Research Center, IBM Research
Division. 3KAIST, Department of Materials Science and
Engineering. 4Inha University, Department of Physics.
In this work, we have investigated spin dynamics in perpendicularly
magnetized [Co/Ni]N multilayers using time-resolved magneto-optical
Kerr effect (TR-MOKE) setup.[1] While systematically controlling stack
number N from 6 to 27, we measured α and ultrafast demagnetization
time τM. Figure shows time-resolved Kerr signals for Co/Ni multilayer
films in ps and fs time scales. We find that the intrinsic Gilbert damping constant does not depend on N when the external
magnetic field is high enough. In contrast, the extrinsic Gilbert damping is strongly correlated with the inhomogeneous
anisotropy distribution in the low-field regime.[1] On the other hand, in case of ultrafast demagnetization, we find that τM
shows a reciprocal relation to extrinsic damping due to the change of magnetic inhomogeneity at low external magnetic field.
[1] H.-S. Song et al., Appl. Phys. Lett. 102, 102401 (2013).

EF-04(

) Control of coherent phonon via electron-lattice interaction in ferromagnetic Co/Pt

superlattice multilayers
1,
1,
,
POSTECH,
, Max-Planck Center for Attosecond Science. 1
,
.
We have systematically investigated the reflectivity and the magneto-optical Kerr effect of Co/Pt multilayers on an ultrafast
time scale, where the coherent phonon mode has been generally neglected and unreported yet. We found that there is the
coexistence of coherent phonon oscillations as well as spin precessions during the photo-induced demagnetization process. The
coherent phonon frequency was observed to be shifted with the change of the multilayer repeat number. Detailed analysis
indicates that the lattice heat capacity and the lattice-electron coupling constant linearly depend on the multilayer repeat
number of the multilayer periodic structures, which demonstrates that a lattice-electron coupling can be quantitatively
controlled by changing the repeat number. This may open a new way of controlling a heat transfer for nano-device on an
ultrafast timescale.

EF-05

Femtosecond Demagnetization of Ferromagnetic Metal: Cooperative Dynamics of
Delocalized Spin and Coherent Phonon
LEE JaeDong, YUN Won Seok1
Emerging Materials Science, DGIST. 1Emerging Materials Science,
DGIST and Center for X-ray Optics, LBNL.
A microscopic model of coherent Elliot-Yafet phonon inducing the
delocalized spin precession is proposed to drive a cooperative
femtosecond quenching of the magnetization in ferrromagnetic metal. Competition between phonon-mediated dynamics of
charge and spin precession which relax with gN and gD , respectively determines the demagnetization profile and time scale in
the ultrafast time span of ~ 1 ps. For gN >> gD , the magnetization reaches the minimum near (w0 : phonon frequency, gQ :
phonon relaxation), but in the opposite limit, approaches the minimum in the time scale of ~ 1 / gN asymptotically.
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Tilting of the spin orientation induced by Rashba effect in ferromagnetic metal layer

PI Ung Hwan, KIM Kee Won, BAE Ji Young, LEE Sung Chul, CHO Young Jin, KIM Kwang Seok, SEO Sunae
Samsung Advanced Institute of Technology (SAIT), Gyeonggi-Do 446-712, Republic of Korea.
We devised a method to measure the virtual magnetic field induced by Rashba effect in ferromagnetic metal layer. Transverse
Rashba magnetic field makes the magnetization direction tilted out of the easy axis, which could be detected by the change in
anomalous hall resistances. Through a specified measurement of the second harmonics of the hall resistance, the Rashba field
could be obtained with high sensitivity even at low current regime. The results are compared with the prior reports based on
the measurement of the transverse field required for the nucleation of reversed domain. [1] U. H. Pi, et al., Appl. Phys. Lett.
97, 162507 (2010).

EF-07(

) Current induced spin-orbit torque in Ta|CoFeB|MgO heterostructures

KIM Junyeon
National Institute for Materials Science.
Recently current-induced spin-orbit torque is attracting significant interest for alternative way of manipulating magnetization
with electric current [1, 2]. Solid understanding on converting spin current to spin Hall torque, including the effects of
interfaces, is essential for designing efficient switching devices. Here we carried out measurements on the spin-orbit torque in
Ta│CoFeB│MgO films for various layer thickness and temperature [3, 4]. Various heavy metal layer thicknesses thin films, 02 nm Ta|1 nm CoFeB|1 nm MgO, was deposited. Hall bars are patterned by optical lithography, Ar ion etching, and metal liftoff process. All measurements were carried out on Hall crosses via the anomalous Hall effect. Spin-orbit torque is significantly
affected by layer thickness and temperature. Further analysis will be given. [1] I. M. Miron et al., Nature 476, 189 (2011). [2]
L. Liu et al., Science 336, 555 (2012). [3] J. Kim et al., Nature Matter., Nat. Mater. 12, 240 (2013). [4] J. Kim et al.,
http://arXiv.org/abs/1402.6388
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) Measurement of Spin-orbit Torques in Heavy element/ferromagnet/oxide Structures

PARK Byong-Guk, OH Young-Wan, CHO Soonha, LEE Kyeong-Dong
Materials Science and Engineering, KAIST.
We present the measurement of the spin-orbit torques (SOT’s) in heavy element (HE)/ferromagnet (FM)/oxide
heterostructures using harmonic analysis of anomalous Hall effect (AHE). In this structure, in-plane current generates torques
on the magnetization, which are parallel (SOT//) or perpendicular (SOT^) to the current direction. These torques are known to
originate from spin Hall effect in HE and/or interfacial Rashba effect due to structural inversion symmetry. Firstly, we have
measured the SOT// (or field like torque) and the SOT^ (damping like torque) in Pt(t)/Co/Al2O3 samples, which shows that the
SOT’s are very dependent on the Pt thickness and magnetization angle as well. Moreover, we also investigated
W/CoFeB/MgO samples which show the SOT’s of an order of magnitude larger than that of Pt/Co/Al2O3 samples.

EF-09(

)

Pd/FePd/MgO
.

, harmonics
1.54~2.43 nm
longitudinal
transverse
Hall
, Anomalous Nernst-Ettingshausen
Oersted field
longitudinal
, transverse
.

Pd/FePd/MgO
. FePd
,
planar
, Joule heating,
.

.

EF-10(

)

Interfacial Spin-Orbit Coupling Effects In Magnetic Bilayers

KIM Kyoung-Whan, RYU Jisu1, MOON Jung-Hwan2, SEO Soo-Man2, LEE Kyung-Jin2, STILES Mark3, LEE Hyun-Woo
Department of Physics, POSTECH. 1SAMSUNG electronics. 2Department of Materials Science and Engineering, Korea
University. 3National Institute of Standards and Technology.
As nanomagnetic devices scale to smaller sizes, spin-orbit coupling due to the broken structural inversion symmetry at
interfaces becomes increasingly important. We study interfacial spin-orbit coupling effects in magnetic bilayers using a simple
Rashba model. We find that the spin-orbit coupling introduces chirality into both equilibrium and non-equilibrium properties
of magnetic bilayers. An important consequence is a correlation between the Dzyaloshinskii-Moriya interaction (equilibrium
property) and the spin-orbit torque (non-equilibrium property).
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Spin-orbitronics and Spin-orbit Caloritronics

LEE Kyung-Jin
Korea University, Department of Materials Science and Engineering.
We will introduce two recently emerging fields, spin-orbitronics and spin-orbit caloritronics, realized by modifications of
electronic and magnonic spin currents by spin-orbit coupling, respectively. Representative outcomes of spin-orbitronics are the
magnetization switching by in-plane current (i.e., spin-orbit spin torque) and the emergence of Dzyaloshinskii-Moriya
interaction (DMI). Since DMI affects magnon dispersion in a similar way that interfacial spin-orbit coupling does on electron
dispersion [J. H. Moon et al., Phys. Rev. B 88, 184404 (2013)], a similar spin-orbit torque mediated by in-plane magnon-flow
can control the magnetization direction [A. Manchon et al., arXiv:1401.0883.]. This spin-orbit coupling effect on magnonic
spin current may open a new field, which we named spin-orbit caloritronics. This work has been done in collaboration with M.
D. Stiles, H.-W. Lee, K.-W. Kim, P. M. Haney and A. Manchon.
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Cavity Mode Dependence of Inverse Spin Hall to Anomalous Hall ratio

PARK Seung-young, KIM Sang-il, SEO Min-su
Division of Materials Science, Korea Basic Science Institute.
The generation and detection of a spin current utilizing microwave injection are the useful technique for both research and
application of spin dynamics and manipulation [1, 2]. One of the most approved measurement method is utilizing EPR testing
system which has several types of cavity resonator. In this study, the Inverse Spin Hall Effect (ISHE) voltage to Anomalous
Hall Effect (AHE) voltage ratio (ISHE to AHE ratio) was investigated in the TE011 [2] and TE102 [3] cavities. The ISHE and
AHE components were distinguishable through the fitting of the voltage spectrum. The unwanted AHE was minimized by
placing the DUT (Device Under Test) at the center of both the TE011 and TE102 cavities [1, 4]. The peak voltage amplitude
of ISHE in the TE011 cavity resonator was larger than that in the TE102 cavity resonator due to the higher quality factor of the
former. Despite of the optimized centering procedure, AHE voltage from TE011 cavity and the ISHE to AHE ratio were also
higher. The reason of higher ISHE to AHE ratio was attributed to the E-field distribution inside the cavity. In the case of the
TE011 cavity, the DUT was easily exposed to the E-field in all directions. Therefore, the parasitic AHE voltage in the TE102
cavity was less sensitive than that in the TE011 cavity to decentering problem. It means that the TE102 mode rectangular
cavity resonator is appropriate solution for observing spin pumping effect with minimizing error. References[1] E. Saitoh, M.
Ueda, H. Miyajima, and G. Tatara, Appl. Phys. Lett. 88, 182509 (2006).[2] K. Ando, Y. Kajiwara, S. Takahashi, S. Maekawa,
K. Takemoto, M. Takatsu, and E. Saitoh, Phys. Rev. B 78, 014413 (2008).[3] H. Y. Hung, G. Y. Luo, Y. C. Chiu, P. Chang,
W. C. Lee, J. G. Lin, S. F. Lee, M. Hong, and J. Kwo, J. Appl. Phys. 113, 17C507 (2013).[4] K. Harii, K. Ando, H. Y. Inoue,
K. Sasage, and E. Saitoh, J. Appl. Phys. 103, 07F311 (2008).
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) Microstructural Characterization of III-V Semiconductor Nanowires: A Transmission

Electron Microscopy Study
KIM Young Heon
Korea Research Institute of Standards and Science.
Richard Feynman emphasized the importance of electron microscope in his 1959 lecture entitled "There's Plenty of Room at
the Bottom". The imaging and analysis of nanostructures using electron microscopy has played a critical role for the
development of nanoscience and nanotechnology. The typical wavelength of an electron used in transmission electron
microscope (TEM) is on the order of 0.002 nm, which is much smaller than the interatomic distances of crystals. Since, it is
possible to directly image the crystal structure and to resolve the exact atomic positions using TEM techniques. Advances in
electron microscopy, e.g. incorporating aberration correctors into conventional TEMs and scanning transmission electron
microscopes (STEMs), have enabled the imaging and spectroscopy of materials and devices with atomic resolution.
Nanowires, one of nanoscale objects having dimensions in the nanomter scale, are potential building blocks for nanodevices
and good candidates for the study on fundamental scientific issues. III-V compound semiconductors are one sort of materials
that have been grown as one-dimensional nanostructures. The atomic and electronic structures of an individual nanowire can
only be measured by electron microscopy and related techniques due to the finite size. In this talk I will show some practical
examples of how TEM and related techniques can be used to study the detail of the structural and chemical properties of
nanowires. In particular, the atomic structure of nitride nanowires and the phase evolution of arsenide nanowires are
introduced. Finally, I will briefly explain ongoing work in our group for in-situ measurement of electrical and mechanical
properties in transmission electron microscope.
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) III-V Semiconductor Nanowires Grown on Si by MOCVD

SHIN Jae Cheol
Korea Photonics Technology Institute.
The one-dimensional (1D) heteroepitaxial growth of ternary III-V nanowires (NWs) on silicon (Si) substrates is demonstrated
using metalorganic chemical vapor deposition (MOCVD) without catalysts or pattern masks. The epitaxial growth takes place
via Volmer-Weber mode into non-tapered, uniform diameter, high aspect ratio NW arrays with a density exceeding 5x108/cm2.
NW diameter (~ 30 – 250 nm) is inversely proportional to the lattice mismatch between III-Vs and Si and can be further tuned
by MOCVD growth condition. This work represents the first systematic report on widely tunable in energy in near IR spectral
range, precisely controllable in size and doping, epitaxial ternary semiconductor NW arrays on silicon substrates that can
potentially be used for scalable monolithic heterogeneous integration.
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Van der Waals heteroepitaxy of InAs/graphene and InAs/graphene/InAs

HONG Young Joon
Sejong University, Department of Nanotechnology and Advanced Materials Engineering & Graphene Research Institute.
Noncovalent heteroepitaxy of semiconductors has been firstly demonstrated by Koma et al. since 1984. The so-called van der
Waals (vdW) epitaxy is of importance for making use of graphene as epitaxial substrates because graphene has no (or few)
dangling bonds that drive the deposition through substantial energy saving. In this talk, the vdW InAs/graphene
heterostructures, grown by metal–organic vapor-phase epitaxy, are presented. The critical factors to nucleation and growth for
the vdW heteroepitaxy of inorganic semiconductor nanostructures on graphene surface are discussed in terms of lattice misfit
and surface potentials. We demonstrate the world thinnest substrate material, that is single-layer graphene: the vdW
heteroepitaxy enabled to grow InAs nanowires vertically aligned on single-layer graphene, implying that the vdW attraction is
sufficiently strong enough to grow vertical nanostructures with high aspect ratio. In the later part, vdW epitaxial InAs/singlelayer graphene/InAs double heterostructure is demonstrated. For fabricating the double heterostructures, suspended singlelayer graphene was utilized, which also verified that even monoatomic layer can be used for vdW epitaxy. We further present
the controlled vdW epitaxy method for high-yield and uniform InAs nanowire arrays on graphene by utilizing substrate surface
etching and patterning techniques. This work offers a new important method and principles for fabricating the graphene-based
epitaxial semiconductors which will be exploited for new functional electronic and optoelectronic device applications.
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III-V semiconducting InAs nanowires have been intensively studied to develop high mobility transistors for high-speed
application and to explore the one-dimensional (1D) quantum confinement effect. In my talk, in the beginning, I will show the
evolution of the Coulomb-blockade behavior to Fabry-Perot interference with varying gate voltage in InAs nanowires (length,
L ~ 0.2 μm) at T ~ 4 K. With increasing temperature, a pronounced conductance quantization behavior satisfying the quantum
conductance (2e2/h) is developed due to the 1D confinement, where e is the elementary charge and h is the Planck constant.
Under magnetic fields, another conductance step at e2/h is appeared, which could be interpreted as an evidence of breaking of
the spin degeneracy by the Zeeman splitting. Next, I will show the ballistic-diffuse crossover behavior in mobility, μ and
resistance, R with varying channel length (0.2 μm ~ 3 μm). To fit the data for the channel-dependent μ and R obtained at T ~
100 K, we used two main equations: i) 1/μ = (1/μdiff +1/μball), μball (=μdiff ×L/λ) and ii) R = (h/2e2)(1+L/λ), respectively, which
gives us λ ~ 1 μm. Last, I will introduce the thermoelectric power in the InAs nanowires, where the thermoelectric power is
enhanced when the chemical potential crosses the van-Hove singularity points in the 1D quantum channel. Our study in the
ballistic behaviors in the InAs nanowires will provide a key for developing future quantum nanoelectronics based on the
semiconducting nanomaterials.
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) III-V and IV semiconductor nanowires for optoelectronic and biomedical device

applications
,
.
Semiconductor nanowires have recently emerged as a new class of materials with significant potential to perform new
fundamental physics and to boost new applications in quantum electronic, optoelectronic devices, and even biomedical
devices. Because these materials show exceptional promise as nanostructured materials for exploring physics in reducing
dimensions and in one-dimensional nanowire devices. First part of my presentation, I review the recent efforts in the growth of
exceptionally high quality III-V nanowires and nanowire hetero-structures, and major enhancements in optoelectronic devices.
In the second part, we will present new growing applications with these promising materials; for example, immunofunctionalized nanowire arrays are demonstrated as a superior material to capture rare cells from heterogeneous cell
populations. In this talk, recent our works published in Nano Letters (2010, 10, 2877 and 2012, 12, 2677) will be presented. In
this work, we integrated a nanowire substrate that serves as an efficient cell capture tool and laser scanning cytometry that
works for quantitative, automated characterization of captured rare cells to yield an integrated, enabled platform for
informative analysis of circulating tumor cells. Additional works related to the biomedical applications using semiconductor
nanowires are also discussed.
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QWR FET using AlGaAs/GaAs V-groove type Quantum wire

HAHN Cheol Koo, ROH Cheong Hyun, OGURA M.1
KETI, Photonics Convergence Research Center. 1AIST.
Adiabatic energy level connection between the electron reservoir (2dimensional electron gas: 2DEG) and quantum wire (QWR) is one of
the main interests in the carrier transport observation in a 1-D channel
because the reflection of electron wave function at the 2DEG-1D
interface screens the observation of pure transport properties. Although a
high-quality QWR, whose optical coherent length is as long as 2.5 mm,
is easily available with our FME method [1], growth pinch off region
between sidewall quantum well (SQW: 2DEG reservoir) and QWR
extremely lowers the carrier coupling efficiency between 2DEG-1D channel. By using high-quality V-groove QWR, field
effect transistors (FET) with various QWR thickness and device parameters are fabricated and their transport properties were
characterized [1]. Figure 1 shows the QWR thickness dependent conductance fluctuations of the QWRFETs. Although their
step heights were extremely small comparing to the unity of the universal one, drain bias dependent conductance and magnetoresistance measurements at 50 mK revealed that the observed steps are universal conductance fluctuation (G0 º 2e2/h » 77.5
mS). The main reason of small step height is low SQW-1D carrier coupling efficiency. Although using thick QWR as a
channel could increase step height, it is accompanied by small energy sublevel spacing in the QWR which prevents high
temperature operation of QWRFET. Recently, we are trying to realize 2DEG-1D coupling efficiency enhanced structures by
modified V-groove structure and figure 2 shows one of its results. Two-2DEGs surrounded by multi-faceted sidewalls are
connected via very narrow region like quantum point contact (QPC) structure. Otical/carrier transport properties of the new
structures (fig. 2) will be presented in detail. [1] C.-K. Hahn, T. Sugaya, K.Y. Jang, X.L.Wang, M. Ogura, 42 (2003) pp. 23992403 JJAP.
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Biomolecular Probe Development for Analysis and Control of Aberrant Biomolecules

,
.
Strategies for development of bioanalysis tools consist of mainly three parts: constructing sensor platforms, preparing target
recognition elements (generally biological molecules), and applying proper detection methods. A wide range of biomolecules
have been used for successful development of these biosensing systems. These biomolecules include antibodies, avidin
variants, aptamers, and fluorescent proteins. Engineering these molecules and/or crafting novel biomolecules will offer a
chance to develop unprecedented bioanaytical strategies. Here I will introduce several examples of how newly fabricated
biomolecules can be applied for designing new bioanalytical or biointerfacing methods. Modifications and applications of
RNA-binding proteins/nucleic acids, fluorescent proteins, and avidin proteins will be discussed. Additionally, I want to
introduce several new strategies to fabricate large protein assemblies, which can be valuable assets to study multivalent
interactions in nature.
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) Protein patterning using tip-based nanolithography

JANG Jae-Won
Pukyong National University, Department of Physics.
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) Electrochemical DNA sensors using graphene-based materials as additives

.
Graphene possesses unique physicochemical properties and has therefore attracted substantial attention for application to
DNA sensors. This talk will first briefly describe how graphene-based materials were applied to various types of DNA sensors.
Secondly, some results of theoretical calculations will be introduced to explain the mechanism of DNA sensing using
these materials. Finally, I will show that the use of graphene, graphene oxide, or weakly functionalized graphene as an additive
to sample solutions enables very simple fabrication of high-sensitivity DNA sensor without a laborious probe-immobilization
process.
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) Biomedical Applications of Optical Biosensors based on Graphene Oxide and Nucleic Acid

.
Development of useful biosensors based on new nanomaterials necessitates understanding and full utilization of
chemical/physical properties to detect molecular changes during certain biochemical transformations in a biological system.
Here, I will introduce recent studies which harness graphene derivatives for developing bioanalytical platforms to
quantitatively analyze various enzyme activities and biomarkers including helicase and microRNA. The systems rely on
attractive interaction between graphene oxide and nucleic acids and fluorescence quenching by graphene oxide. Quantitative
microRNA sensing was successfully demonstrated in living cells. Recently, we employed one of the bioassay systems to antiviral drug screening and identified potent hit compounds to treat hepatitis C. This study shows that a new nanobio-technology
can be routinely implemented in drug discovery.
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) Graphene Substrate for the Control of Stem Cell Differentiation and Motor Protein

Activities
HONG Seunghun
Physics, Seoul National University.
Graphene has been drawing a huge attention as an advanced electronic material due to its exotic electronic and optical
properties such as high conductivity and transparency. However, recent studies also show that one can take an advantage of
these exotic properties of graphene and utilize graphene as a superior biocompatible substrate enabling advanced biomedical
applications. In this presentaion, we will discuss how one can utilize graphene as a solid substrate to control the differentaion
of neural stem cells and the activity of motor protein. Future prospects and possible impacts of these works also will be
discussed.
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Dosimetry Standard of Mammography X-ray
,

,
.
Air kerma is a basic physical quantity for the mammography x-ray
dosimetry, the unit of which is Gy. Dosimetry standard of
mammography x-ray is the realization of the unit of Gy for the
mammography x-ray air kerma. Here, KRISS dosimetry standard of
mammography x-ray is briefly described. Absolute measurement of the
mammography x-ray air kerma was carried out by using a parallel plate
free air chamber. We measured the energy spectrum of the
mammography x-ray generated from Mo-anode x-ray tube (RTW model
MCD 100H-3 Mo) by means of CdTe spectrometry and the measured
spectrum was unfolded to obtain true x-ray energy distribution The ion
collection volume of the parallel plate free air chamber was measured
carefully with a 3D coordinate measuring machine. The high voltage
loaded to the mammography x-ray tube was in a range from 20 kV to 35 kV. The stability of the tube voltage during
measurement was monitored using a high voltage divider. The nominal value of half-value layer thickness varies from 0.22 to
0.38 mm of aluminum. The ionization current was measured by a Keithley Model 6517B electrometer with an external
standard capacitor. The absolute value of air kerma of the mammography x-ray beams at the reference distance 60 cm from
the window of the x-ray tube was determined from the corrected ionization current. The overall uncertainty of KRISS air
kerma standard for mammography was in the level of 0.2 % (k = 1).
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Mathematical Modeling of PIP2-mediated Vesicle Fusion

HAN Kyungreem, KOH Duk-Su1, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical
Physics, Seoul National University, Seoul 151-747, Korea. 1Department
of Physiology and Biophysics, University of Washington, Seattle, WA
98195-7290, USA.
PIP2 (Phosphatidylinositol 4,5-bisphosphate) is a unique component of
cell membranes, and plays a key role in the cellular information
processing. Among numbers of biological studies carried out, studies of
PIP2-mediated vesicle fusion have attracted special attention of
neurobiologists, as it has significant implications for the exocytosis of
neurotransmitters. However, there still exists ambiguity as to the roles of
PIP2 in the fusion process since the current spectroscopic methods are
unable to provide quantitative information on the causes and effects of
the specific mechanism involved in the process, e.g., basal fusion, Ca2+-dependent trans-binding, Ca2+-dependent cis-binding,
and Ca2+-independent binding. To circumvent this difficulty, we propose a mathematical model for PIP2-mediated vesicle
fusion. Specifically, the concept of probability in the PIP2-binding is introduced, described by the Poisson–Boltzmann type
equation. We also discuss the application of the model to the in vitro assay of vesicle fusion, elucidating the role of PIP2 in a
specific and quantitative manner.

EF-29

The Study on Electroporation efficiency along with Mechanical Properties of Cell

.
The electric pulse induced mass transfer through cell membrane is
strongly dependent on cell types. In the present study, we investigated
the relationship of cellular mechanical properties with electroporation
efficiency. The electric pulses are applied to three different kinds of cell
lines whose elastic properties are quite different each other when
measured by atomic force microscopy (AFM). The results show that the
electroporation efficiency is related to cell mechanical properties, which
should be considered in medical applications of electroporation to
various tumors that are different in mechanical properties.
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CT

,
.
Various scanning methods and image reconstruction algorithms are actively investigated for low-dose CT that can potentially
reduce a health-risk related to radiation dose. Particularly, compressive-sensing (CS) based algorithms have been successfully
developed for reconstructing images from sparsely sampled data. We have earlier proposed a novel scanning technique for
low-dose CT in conjunction with CS-based image reconstruction, and have recently analyzed the data incoherence for various
sparse sampling schemes. In this work, we present a comparative study on sparse-sampling schemes for low-dose CT and
provide an optimum scanning condition out of them. Data properties of several sampling schemes were analyzed with respect
to the CS-based image reconstruction using two measures: sampling density and data incoherence. Various sparse sampling
schemes were simulated to achieve a targeted dose reduction. Dose reduction factor of about 75 % was tested. An experiment
was also performed for demonstrating its feasibility. Successful dose reduction has been achieved with a reasonably acceptable
image quality. The image contrast to noise ratio was increased substantially compared to a conventional low-dose technique
that uses a low tube current scan. We found that in CS-based image reconstructions both sampling density and data
incoherence affect the image quality, and optimized a sparse sampling scheme to improve the image quality based on these
metrics. With this strategic approach, one can acquire optimally-sampled sparse data so that the CS-based algorithms can best
perform in terms of image quality.
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Visualization of OH radical interactions in living cells by adding D2O in non-thermal

plasma jet
,

1,

,
.

1

.
The various effects of non-thermal plasma on living cells are frequently
reported. However, interaction of hydroxyl radical with cells leaves
several unanswered questions due to its short lifetime and there are no
exact ways to confirm hydroxyl effects on cells except some molecular
works, indirectly supporting conjectures. In order to observe a direct
action of hydroxyl radicals on cells, OD radicals from N2/D2O plasma
jet are applied to E.coli in both H2O and D2O solution, and deuterium
atoms in cells are visualized by use of ToF-SIMS and NanoSIMS.
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Electrical Current Switching Within 1fs Timescale Driven By CEP-Controlled Few-Cycle
Optical Pulses In Sapphire And Quartz
, PAASCH-COLBERG Tim1, KARPOWICZ Nicholas1, KEIBER Sabine1, APALKOV Vadym2, STOCKMAN Mark
KRAUSZ Ferenc3, KIM D.
Physics Department, Center for Attosecond Science and Technology, POSTECH, Kyungbuk 790-784,Pohang, Korea; Max
Planck Center for Attosecond Science, Pohang, Kyungbuk 790-784,Korea. 1Max-Planck-Institut fur Quantenoptik, HansKopfermann-Strasse 1, D-85748 Garching, Germany. 2Department of Physics and Astronomy, Georgia State University,
Atlanta, Georgia 30340, US. 3Max-Planck-Institut fur Quantenoptik, Hans-Kopfermann-Strasse 1, D-85748 Garching,
Germany; Fakultat fur Physik, Ludwig-Maximilians-Universitat, Am Coulombwall 1, D-85748 Garching, Germany.
As the progress of modern computing industry is hindered by obstacles such as bandwidth limitation and heat generation
problem, controlling electric current by optical means is drawing attention as an alternative. A. Schiffrin et al have
demonstrated that in amorphous silicon dioxide (fused silica), electric signals can be manipulated within 1 femtosecond, using
a carrier-envelope-phase (CEP) stabilized few-cycle pulses. Here, we present that it is capable of giving rise to ultrafast
polarization transition in sapphire and crystalline silicon dioxide (quartz). Transient increase of the a.c. conductivity by 16
orders of magnitude within an optical half-cycle is observed in sapphire. Whereas higher current is induced in quartz than
sapphire, the responses of the sapphire and quartz are qualitatively similar. The rate of polarization transition corresponds to
PHz (1015 Hz) domain. The scheme of optical field induced polarization transition provides a tool for more rapid current
manipulation surpassing the speed of contemporary technology by a few orders of magnitude.
I.2,
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Generalized Snell’s Law and Electrically Controlled Polarization of Extraordinary Beam
in Complementary Metasurface
,
,
.
Recently, traditional Snell's law has been generalized by metasurface
composed of V-shaped antenna array. In this study, complementary Vshaped antennas are designed theoretically and demonstrated
experimentally. Moreover, the polarization angle of extraordinary beam
expected from generalized Snell's law is electrically controlled in
complementary metasurface based on twisted nematics liquid crystal cell
by applied voltage.
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Compensation of luminance distortion in spatially interlaced stereoscopic 3D display

,
,
.
The spatially interlaced stereoscopic 3D display is a method to
resample a part of displayed image to separate the left-eye and the righteye images using polarized glasses. Since the observed left-eye and
right-eye image are composed of only half number of pixels, the ratio of
luminance of the separated(resampled) images can be distorted due to
the sampling process as shown in the figure. Therefore it is needed to
compensate the distorted luminance by comparing the luminance of
pixels in each line and by referring gamma graph which shows relation
between grayscale and luminance.
In the presentation, the effect of temporal interpolation method compensating the above distortion will be reviewed while
the side effect of it is also analyzed. As an alternative one, an improved dithering method to enhance the picture quality of the
existing interpolation method will also presented and will be compared with the conventional one.
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Coalescence and Surface Flattening of [1-10-3]-oriented GaN Non-flat Top Twins Grown
on m-plane Sapphire Substrates
,

,
,
,
,
.
Surface flattening mechanism of faceted non-flat top twins was revealed
for the first time. Computational simulation based on a level set method
showed that overgrowth of one variant of twins was a key mechanism of
surface flattening process. Experimental results showed that the
overgrowth was manifested due to a slight asymmetric crystallographic
tilt of twins. We also demonstrated that this overgrowth-based surface
flattening mechanism was suppressed when there was no asymmetric tilt
of twins.
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Air Transparent Soundproof Window

KIM Sang-Hoon, LEE Seong-Hyun1
Division of Marine Engineering, Mokpo National Maritime University. 1Korea Institute of Machinery and Materials.
We designed a soundproof window model which is transparent to the airflow based on two wave theories: diffraction and
acoustic metamaterials. It was made of acrylics and have many air holes of diameter of 5cm. We measured the transmission
loss and, then, we designed a real air transparent soundproof window of diameter of 7cm air holes based on the data of the
model window. We installed it at an apartment nearby a noisy highway and observed the effectiveness of soundproofing and
airflow for five months including summer and winter. The window reduced the sound level more than 15dB with moderate
airflow.
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Effective Isolation Of Primo Vessels In The Lymph By Sound And Ultrasonic Wave

Stimulation
,
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The effect of sound and ultrasonic wave stimulation with specific bandwidth on the isolation and the yield enhancement of
primo vessels inside lymphatic vessels in the rabbit were investigated. Before the anatomy of rabbits, the various frequencies
and intensity during 30 min were applied using sound wave vibration and ultrasonic stimulation apparatus. The primo vessels
inside of lymph vessels through the anatomical experiment, which had been stained with alcian blue, were visualized and
isolated. During the normal experiment without sound wave vibration, the discovered probability of primo vessels was about
50 %. In experiment applied by sound wave with 7 Hz and ultrasonic wave with 2 MHz, the discovered probability of primo
vessels was improved up to 90 %. The sound wave and ultrasonic wave stimulation having a special frequency band for rabbit
seem to be effective toincrease the yield enhancement and the suitable isolation of primo vessels in the abdominal lymph
vessels.
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Size Effect of Local Electrical Properties in Artificially Fabricated Nickel Oxide Nano-

dots
LEE Nuri, JO William, KIM D.-W., LIU C.1, MENY C.2
Ewha Womans University, Department of physics. 1Hankuk University
of foreign studies, Department of physics. 2UMR 7504 ULP-CNRS,
Institutes of Physics and Chemistry of Materials of Strasbourg.
We reported fabrication and measurement of nickel oxide nano-dots by
scanning probe microscopy, which is used both for lithography and local
electrical characteristics, current-voltage (I-V) behaviors. On the direct
contact with anodic oxidation process, the nickel oxide nano-dots are
formed. The applied voltage and time turn out to be critical for
determining the size of the nickel nano-dots. For the tailored arrays of
the nano-dots, a step-scanning measurement of I-V behavior was
conducted. We divided some range of depending on nano-dots size for optimizing nano-dots. The possibility of switching
direction, small (less than 15 nm) and large nano-dots (lager than 30 nm) showed the counter-clockwise direction during the
switching process while the medium size nano-dots (between 15 to 30 nm) showed the clockwise direction. As the size of the
nano-dots is increasing, the range of voltage branch is increasing. Therefore, we should optimize the size of nano-dots for
maintain to resistance switching. In conclusion, we obtain around 15 nm-heights of nano-dots on 18 nm nickel thin film.
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Photo-Assisted Metal-Insulator Transition in VO2 Films

JUNG Juho, LEE Jaeran, KIM Sok Won, RYU Ji-Wook1
University of Ulsan. 1Kongju National University.
Vanadium dioxide (VO2) is one of the most promising compound in
the V-O systems and it has been well known that the oxide undergoes a
metal-insulator transition (MIT) near a temperature of 68 °C. The MIT
in VO2 is intensively investigated for potential applications in highspeed electronics and optical switches because of dramatically changes
of its electrical, optical, and thermal properties in a narrow temperature
region near transition temperature (Tc).In the present study, we
investigate the photo-induced MIT in VO2 film grown by an rf
sputtering system. I-V curves with the bias voltage and temperature in
VO2 film are measured and analyzed. Also, the photo-induced MIT in
VO2 film is characterized by measurements of the surface resistance.
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Synthesis of ZnO-TiO2 hybrid nanostructures Prepared By Using Electrohydrodynamic

Lithography
1
,
,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea. 1Nanomechanical Systems Research Division, KIMM, Daejeon 171, Republic of Korea.
We propose the way of position and density controllable synthesis of hybrid ZnO-TiO2 nanostructure in combination of

electrohydrodynamic lithography (EHL) and hydrothermal method. ZnO and TiO2 bilayer film are used as seed layer and resist
for patterning, respectively. Size, position, and density controlled ZnO nanowires are determined by nano- to micro-scale TiO2
pattern prepared by EHL and growth condition. Selective synthesized ZnO-TiO2 hybrid nanostructures are characterized by
FE-SEM, X-ray diffraction, and Raman spectroscopy. This ZnO-TiO2 hybrid nanostructure has good electrical and optical
properties and It can be utilized in many optoelectronic applications such as water splitting, DSSCs, and so on. Besides, it is
possible to construct various hybrid nanostructures with this technique as well as ZnO-TiO2. We can synthesize various
inorganic-inorganic, inorganic-organic, and organic-organic nanocomposite with proposed technique and it can be used in
many applications.

EG-13

Scanning-Aperture Trapping and Manipulation of Single Charged Nanoparticles

KIM Ji Tae, SPINDLER Susann, SANDOGHDAR Vahid
Max Planck Institute for the Science of Light and Friedrich-Alexander University, 91058 Erlangen, Germany.
Over the past three decades, scientists have continually developed and improved methods for trapping small objects,
especially for applications in nano- and biosciences. Nevertheless, many important challenges remain and no single method
has been able to satisfy all requirements. Here, we report on an electrostatic trap [1] that is created in an aqueous medium
between the aperture of a glass nanopipette and a glass substrate without the need for external potentials. After a thorough
characterization of the trapping conditions, we show that we can displace or release a particle as small as 10 nm diameter at
will. Furthermore, we demonstrate trapping and manipulation of nanoparticles and lipid vesicles attached to lipid bilayers,
paving the way for controlled studies of forces and diffusion associated with biological membranes. We expect the technique
to find interesting applications in diverse areas such as biophysics, optonanofluidics, and plasmonics.[1] J. T. Kim, S. Spindler,
& V. Sandoghdar, Nature Communications (in press).

EG-14

Biophysical and X-ray Science using a High-pressure Technique

UNIST,
.
High-pressure cryocooling has been developed as a method for
biophysical and X-ray science studies. The method was developed
primarily for crystal cryoprotection and dozens of macromolecular
crystals have been successfully cryopreserved, including membrane
protein crystals (e.g. a Kv ion channel). In addition, the method was
successfully applied to stabilize ligand–protein interactions and to study
the pressure effect on the structure of a yellow fluorescent protein,
citrine. The procedure was then modified to entrap an intermediate
Enzymatic state of human carbonic anhydrase. More recently, the
method was used to study the phase behavior of water inside protein
crystals and its relationship with protein dynamics at cryogenic
temperatures. In this presentation, I will discuss the potential
applications of the method for future biophysical and X-ray science
studies.

EG-15

Micro-Magnetic Biosensor with Femptomolar Resolution

TORATI Sri Ramulu, REDDY Venu, SINHA Brajalal, KIM Cheolgi
DGIST, Emerging Materials Science.
Among the various emerging bioassay technologies including optical, electrochemical and magnetic etc., the magnetic
method via magnetic particles conjugated bio-recognition or inorganic agents is very promising approach because biological
samples show essentially no magnetic background signal and also magnetic labels are insensitive to pH, ion concentration and
surface charges. Planar Hall Resistance (PHR) sensors have the great advantages of higher signal-to-noise ratio, small offset
voltage at zero fields, very linear response at low field region compare with other magnetoresistive sensors. The newly
designed PHR sensor shows the higher field sensitivity nearly 15pT, which has been used for bio-entity super paramagnetic
label detection. The interaction of biotin and streptavidin has been exploited for the performance test of robust and highly
sensitive assays because the biotin label is stable and small enabling the streptavidin-biotin interaction. The detection of
streptavidin conjugated with super paramagnetic label has been performed and succeed to detect a 2.9 femto-molar
concentration. In addition, a sandwich magnetic bioassay system for the detection of thrombin using PHR sensor has been
developed.

EG-16

Self-powered environmental sensor system driven by nanogenerators

,

.

We demonstrate a fully stand-alone, self-powered environmental sensor driven by nanogenerators with harvesting vibration energy. Such a
system is made of a ZnO nanowire-based nanogenerator, a rectification circuit, a capacitor for charge storage, a signal transmission LED
light and a carbon nanotube-based Hg2+ ion sensor. The circuit lights up the LED indicator when it detects mercury ions in water solution. It
is the first demonstration of a nanomaterial-based, self-powered sensor system for detecting a toxic pollutant.
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Fabrication and Characterization of Flexible Energy Harvesters using CNTs-templated
Pb(Zr,Ti)O3 Nanoparticles
HAN Jin Kyu, JEON Do Hyen, KWAK Jin Ho, RA Eun Ju1, LIM Jong
Sun1, LEE Ju Hyuck2, KIM Sang Woo3, BU Sang Don
Department of Physics, Chonbuk National University. 1Thin Film
Materials Research Group, Division of Advanced Materials, Korea
Research Institute of Chemical Technology. 2Advanced Institute of
Nanotechnology (SAINT) Center for Human Interface Nanotechnology (HINT), Sungkyunkwan University. 3School of
Materials Science and Engineering, Advanced Institute of Nanotechnology (SAINT) Center for Human Interface
Nanotechnology (HINT), Sungkyunkwan University.
Nanogenerators that harvest energy from mechanical vibration are an attractive area of nanotechnology fields. Many nanopiezoelectrics such as ZnO nanowires, BaTiO3 nanotubes, and Pb(Zr,Ti)O3 (PZT) nanowires have been used for fabricating
nanogenerators. However, these one or three dimensional nanostructures are brittle and difficult to manipulate for fabrication
of nanogenerators. Self-powered nano-generators available for portable devices require the piezoelectric materials to be
flexible and lightweight. The nanoparticles, zero dimensional structure, are good candidate for fabricating the flexible and
durable nanogenerators. In order to enhance the properties, we synthesized carbon nanotubes (CNTs)-templated PZT
nanoparticles, where the CNTs play as flexible substrates as shown in Fig. 1(a). The open-circuit voltage of the CNTstemplated PZT nanoparticles reaches a high level of about 1 V by periodic movements of banding tester with 5 Hz. We will
discuss the further investigation of the comparative analysis with simply mixed PZT powder and CNT.

EG-19*

Raman scattering studies of Cu2ZnSnSe4 thin film solar cells

NGUYEN Thi Thu Trang, SHIN Hae-Young, KIM Gee Yeong, KIM Ju Ri, JO William, YOON Seokhyun
Department of Physics, Ewha Womans University.
Raman scattering spectroscopy is a useful technique to analyse semiconductor materials. In particular, Raman scattering
spectroscopy has become an effective tool to study optical properties of solar cell thin films of quaternary semiconductor
materials with the recent new development of solar cell fabrication. In this study, we present Raman scattering studies of
Cu2ZnSnSe4 (CZTSe) thin films prepared by electron-beam evaporation under different growth temperatures. We observed 1st
order phonon peaks from which we could get information regarding crystalline quality. For certain samples we could also
observe secondary phase peaks of CZTSe that could not be seen in X-ray measurements. In addition, we found that the
characteristics of phonon modes depend on substrate temperatures and also on the energy of an excitation laser in Raman
scattering measurements. To compare, the microscopic properties of the thin films were characterized by C-AFM and KPFM,
and the results were completely consistent with our Raman measurements. From these observations, we suggest that Raman
spectroscopy is a powerful tool to study optical properties of solar cell thin film materials.

EG-20*

Polarized Raman Spectroscopy with Differing Angles of Laser Incidence on a Few Layers of

MoS2
HEO Gaeun, SENTHILKUMAR V.1, TAM Le Chinh1, KIM Yong Soo1, SEONG Maeng-Je
Chung-Ang University, Department of Physics. 1University of Ulsan.
A CVD-grown few layers of MoS2 was studied using polarized Raman spectroscopy with differing angles of laser incidence
(θ). In an in-plane configuration,the polarization direction of both incident and scattered light was parallel to the MoS2 plane.
In an out-of-plane configuration, the angle between the polarization vector and the MoS2 plane was the same as the angle of
incidence. The relative Raman intensities of the E2g (~384 cm-1) and the A1g (~405 cm-1) measured in the out-of-plane
configuration, with respect to those in the in-plane configuration, were analyzed as a function of θ. The relative Raman
intensities of the E2g and A1g modes showed approximately cos2θ-dependence up to θ=60°.
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Interaction between magnetic nanoparticles with a three dimensional magnetic vortex

KIM Min-Kwan, LEE Ha-Youn, DHAK Prasanta, LEE Jae-Hyeok,
YOO Myoung-Woo, LEE Jehyun, KIM Miyoung1, NAM Ki Tae1, KIM
Sang-Koog
National Creative Research Initiative Center for Spin Dynamics and
Spin-Wave Devices,Nanospinics Laboratory, and Research Institute of
Advanced Materials, Department of Materials Science and Engineering,
College of Engineering, Seoul National University. 1Department of
Materials Science and Engineering, Seoul National University.
Self-assembly of isolated or aggregated magnetic nanoparticles, one of
the bottom-up approaches to making novel metastructures, requires
controllability. In the present study, we clarified the magnetic interaction
of self-assemblies. Using TEM, we found self-assembled structures in
geometrically different configurations. With the help of micromagnetic
simulations, we revealed spin configurations in each self-assemblies.
From the result of calculation, it is easily shown that magnetic exchange
interaction acts as a key factor for forming assemblies of magnetic vortices. Our results indicate that there is a controllable
means of assembling complex geometrical configurations of the nanoparticles of unique 3D-vortex spin configuration.This
research was supported by the Basic Science Research Program through the National Research Foundation of Korea funded by
the Ministry of Science, ICT & Future Planning (grant no. 2013003460).
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Dynamic transient states of skyrmion in soft magnetic nano-disks

KIM Junhoe, HAN Dong-Soo, YOO Myoung-Woo, KIM Sang-Koog
National Creative Research Initiative Center for Spin Dynamics and
Spin-Wave Devices, Nanospinics Laboratory, and Research Institute of
Advanced Materials, Department of Materials Science and Engineering,
College of Engineering, Seoul National University.
We report, based on micromagnetic numerical calculations, the
discovery of skyrmion quasi-crystals in a variety of dynamic transient
states in soft magnetic nano-disks. A simple method entailing the
application of spin-polarized dc currents perpendicularly to the disk
plane leads to many different skyrmion quasi-crystal transient states of a
few tens of ps period, without consideration of the external bias
magnetic field, magnetic anisotropy or Dzyaloshinskii-Moriya
interaction. The below figure is a topological-density-based image of an
example of skyrmion quasi-crystal states. What actualizes such novel spin textures in confined nano-magnets are intrinsic
dipolar interaction and exchange coupling, as assisted by spin torque and the Zeeman field. This work provides a further,
crucial step towards a fundamental understanding of skyrmion crystal formation and the interaction between topological
solitons. This research was supported by the Basic Science Research Program through the National Research Foundation of
Korea funded by the Ministry of Science, ICT & Future Planning (grant no. 2013003460).
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Dynamics of magnetic nano-spheres with a three-dimensional magnetic vortex

YOO Myoung-Woo, LEE Jehyun, HAN Dong-Soo, LEE Hayoun, KIM Sang-Koog
National Creative Research Initiative Center for Spin Dynamics and Spin-Wave Devices, Nanospinics Laboratory, and
Research Institute of Advanced Materials, Department of Materials Science and Engineering, College of Engineering.
Magnetic resonant excitation of nano- and micron-sized magnetic particles has become a focus of attention in nanomagnetism and spintronics owing to its potential implementations
in information processing devices [1], wireless power transfer in electric devices [2], and medical applications such as hyperthermia [3] and drug delivery [4]. Soft magnetic particles
of spherical shape show different static spin configurations according to their size. For example, permalloy spheres, the radius of which is slightly larger than single-domain size and
smaller than multi-domain size, form a stable three-dimensional magnetic vortex [5]. Notwithstanding the many studies on magnetic nano- and submicron-sized magnetic particles,
reports on their dynamic features have been rare. Here, on the basis of finite-element micromagnetic numerical simulations of permalloy spheres of different radii (range: 10 – 75
nm), we report a novel dynamic behavior of size-dependent magnetic resonant excitations. We found that a single three-dimensional vortex precesses around a static magnetic field
HDC at a specific frequency. This precessional frequency, we discovered, varies with the size of the sphere when the vortex structure is retained, because the net magnetization of a
given sphere projected in the direction of the vortex core <mr> varies with its size, as expressed by a simple analytical form of f = |J_<mr>HDC (where _J_ is the gyromagnetic ratio,
2.80 MHz/Oe). The value of <mr> is determined by the interplay of the constituent magnetic material’s parameters and dimensions, since the vortex structure is the result of
completion between the short-range exchange and long-range dipolar interactions. The simulation results obtained are in perfect agreement with the analytical form derived using
Thiele’s equation [6] of motion for a single three-dimensional vortex core in a sphere. The characteristic behavior observed implies the capability of application to selective
activation of three-dimensional vortex precession. This simple but novel dynamic feature would open a new horizon in the field of high-frequency magnetic-nanoparticle
applications.This research was supported by the Basic Science Research Program through the National Research Foundation of Korea funded by the Ministry of Science, ICT &
Future Planning (grant no. 2013003460).
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Analysis of Fe3O4 thin Film Thermal Conductivity by Callaway Modeling

PARK No-Won, LEE Won-YONG, KIM Jin-A1, YOON Soon-Gil2, LEE Sang-Kwon
Department of Physics, Chung-Ang University. 12Department of Materials Engineering, Chungnam National
University. 2Department of Materials Engineering, Chungnam National University.
In recent decades, low-dimensional structures such as thin films and nanowires have received substantial attention because
they indicate novel physical properties and have outstanding potential for applications in various fields of physics. Especially,
in the field of thermoelectric (TE), these thin film formation could be highly promising candidates as TE materials for scalable
and practical TE device applications.Fe3O4 (Magnetite) is a well-known half-metallic material, whose electronic density of
states is 100% spin-polarized at the Fermi-level. These properties allow Fe3O4 to be a promising candidate for spintronic
devices. However, the thermal property of this metal compound has not been widely studied. In this work, we report on the
out-of-plane thermal conductivities of epitaxial Fe3O4 thin films with thicknesses of 100, 300, and 400 nm, prepared using
pulsed laser deposition (PLD) on SiO2/Si substrates. The four-point-probe three omega (3-w) method was used for thermal
conductivity measurements of the Fe3O4 thin films in the temperature range of 20–300 K. The out-of-plane thermal
conductivities of the Fe3O4 films were found to be in the range of 0.52–3.51 W/m∙K at 300 K. For 100-nm film, we found the
thermal conductivity as low as ~0.52 W/m∙K, which was 1.7 - 11.5 order of magnitude lower than that the thermal
conductivity of bulk material at 300 K. Furthermore, we calculated the temperature dependence of the thermal conductivity of
these Fe3O4 films using a simple theoretical Callaway model for comparison with experimental data. We found that the
Callaway model predictions agree reasonably with the experimental data. We then noticed that the thin film-based oxide
materials could be efficient thermoelectric materials to achieve high performance in thermoelectric devices.

EG-27

High Performance Graphene Electrodes Fabricated by Conducting Polymer Supported
Transfer and Hybridization
1,

,

2,

2

.
of California, Santa Barbara. 2
,
.
Graphene is expected as a highly performing flexible and transparent electrode for organic devices. However, residue-free
transfer and stable doping should be achieved for the practical application of graphene. Here, we report a new graphene
transfer and hybridization process using poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS), a popular
conducting and functional polymer for organic devices, as a new kind of supporting layer. Our new transfer and hybridization
method eradicates the residue contamination problem of conventional graphene transfer methods. Also, we show that the
graphene was doped by the PEDOT:PSS overlayer with high stability. The new graphene/PEDOT:PSS hybrid electrodes
demonstrate superior performance to both graphene electrodes fabricated via the conventional transfer method and indium tin
oxide electrodes. Polymer solar cells with 5.5% (solid, conventional structure), 4.8% (flexible, conventional structure), and
6.0% (solid, inverted structure) efficiencies were constructed using our new graphene-polymer hybrid electrodes [1]. [1] B.
Lee, et al. Adv. Func. Mater., Early View (2014).
,

1Univ.
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Proton Irradiation Effects on multi-layer MoS2 based Field Effect Transistors

TAKHEE Lee, TAE-YOUNG Kim1, KYUNGJUNE Cho1, WOANSEO
Park1
Seoul National Univeristy. 1Seoul National University.
Recently, molybdenum disulfide (MoS2) has attracted a lot of attention
due to its intriguing electrical properties compared to the substantioal
limitaions of graphene in electronic transistors [1]. We investigated the
effect of proton irradiation on MoS2 field effect transistors (FETs). For a
low proton beam fluence condition, the electrical properties of the
devices were nearly unchanged. In contrast, for higher proton beam fluence conditions, the current level and conductance of
the devices significantly decreased. The electrical changes originated from proton-irradiation-induced traps, including positive
oxide-charge traps in the SiO2 layer and trap states at the interface between the MoS2 channel and the SiO2 layer. [2]. [1] B.
Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti and A. Kis, Nat. Nanotechnol. 6, 147 (2011).[2] T. –Y. Kim, K. Cho,
W. Park, J. Park, Y. Song, W.-K. Hong, S. Hong, and T. Lee, ACS Nano, in press (2014).
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Electrical and optoelectrical properties of MoS2/WSe2 heterojunction

,
.
Two dimensional transition-metal dichalcogenide (TMDC) semiconductors are attractive materials for optoelectric devices
because of their direct energy bandgap and transparency. To investigate the feasibility of transparent p-n junctions, we have
fabricated heterojunctions consisting of WSe2 and MoS2 since WSe2 and MoS2 with proper electrode metals exhibit p-type and
n-type behaviors, respectively. These heterojunctions showed rectifying behaviors, indicating that p-n junctions were formed.
In addition, photocurrent and photovoltaic effects were also observed under light illumination.

EG-31*

,

Anomalous Water Behaviors on Hexagonal Boron Nitride: Ab initio Study

KANG Seoung-Hun, 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.
Water inside the low-dimensional nanostructures has drawn an
attention owing to its fundamental interest in its structures and practical
impact. Using the density functional theory, we investigate the hybrid
systems composed of water molecules and hexagonal boron nitride
(hBN) sheet. We find anomalous water behaviors, such as the ice
formation in hexagonal monolayer and square bilayer structures. The
polar B-N bonds in hBN provide an initial pattern for such ordering of
water molecules, which are also polar. The hydrogen bonding between H2O molecules also contribute the formation of ice
layers on the hBN. In addition, we investigated the migration of those layers on the hBN along several directions to evaluate
their diffusion property. The internal interaction within the ice layer, which is much stronger than weak ice-hBN interaction,
enables the whole ice layer to slide over hBN relatively easily. We evaluate the stability of these ice layers by exploring their
phonon dispersion and various vibrational properties. We further study the electronic structures of the ice layers using the HSE
hybrid functional.

EG-32*

The Influences of Structural and Chemical Disorder on the Thermal Conductance of
Interface between Graphene and Metals
KIM Jaehyeon, PARK Jeong Young, LYEO Ho-Ki1
KAIST, Graduate School of EEWS; Institute for Basic Science, Center for nanomaterials and Chemical Reactions, Daejeon
305-701, South Korea. 1Korea Research Institute of Standards and Science, Daejeon 305-340, South Korea.
Interfacial thermal conductance plays an important role for the heat transfer between nanostructured materials. Here, we
investigated the heat transfer across the interface between metals and defective graphene with structural or chemical disorder
by using time-domain thermo-reflectance (TDTR), an optical pump-probe method, and by controlling the generation of both
types of disorder. Heat flow across the interface between graphene and metal is mostly governed by the coupling of vibrational
modes at the boundary. In this study, we comparatively analyzed the thermal conductance of interface and defect signature in
Raman spectroscopy for the graphene processed by He2+ ion irradiation, which generates structural disorder, and ozone
treatment, which generates chemical disorder. The conductance and defect signature measured along the irradiated He2+ beam
profile showed similarly increasing tendency with the increasing beam intensity. In contrast, we observed a reduced thermal
conductance by as much as ~ 20 % for ozone-treated graphene, whereas the defect signature measured from Raman
spectroscopy only increases similarly to the case of beam irradiation. Increased value of thermal conductance observed in the
beam-irradiated graphene can be accounted for by the enhanced anharmonic transport of vibrational modes or phonons across
the interface, which is an additional route for the thermal transport due to the scattering of phonons at the defects of graphene.
By contrast, the suppressed thermal conductance observed in the ozone-treated graphene is attributed to the changes in the
vibrational spectra of graphene likely due to the formation of graphene oxide.

EG-33*

Mechanism of photocurrent at a junction between stacking domains in tri-layer graphene

KIM Minjung, CHOI Seon-Myeong1, YOON Ho Ang2, KIM Jung
Cheol, LEE Sang Wook2, SON Young-Woo1, CHEONG Hyeonsik
Department of Physics, Sogang University. 1School of Computational
Sciences, Korean Institute for Advanced Study. 2Division of Quantum
Phases and Devices, School of Physics, Konkuk University.
Tri-layer graphene can have either ABA or ABC stacking, and its
electronic band structure depends on stacking. Tri-layer graphene flakes
with both ABA and ABC stackings are discovered among mechanically exfoliated tri-layer graphene samples. The Raman
spectra of ABA- and ABC- stacked tri-layer graphene have been studied, but the photocurrent in tri-layer graphene has not yet
been investigated. We observed photocurrent generated at the ABA/ABC stacking junction in tri-layer graphene. The
photocurrent and the Raman spectra of the tri-layer graphene were measured simultaneously to identify the exact position of
the photocurrent and the ABA/ABC junction. We investigated the mechanism of the photocurrent by measuring the back-gate
bias dependence of the photocurrent. In general, there are two mechanisms for photocurrent without an external bias: the
photovoltaic effect from Fermi energy difference and the thermoelectric effect from the Seebeck coefficient difference. Here,
we studied the dominant mechanism of the photocurrent in the ABA/ABC stacking junction in tri-layer graphene. We
calculated the Fermi energy and the Seebeck coefficients of ABA and ABC stacked tri-layer graphene in order to explain the
mechanism of the photocurrent at the junctions. The Fermi energy as a function of the number of electrons is calculated by the
tight binding method. The Seebeck coefficient is calculated by the density functional theory and the Boltztrap program. The
experimental results are consistent with the dominant mechanism being the Fermi energy difference. In addition, we measured
the photocurrent at junctions between single- and bi-layer graphene for comparison.
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A tunneling rectifier prepared from vertically stacked 2D materials
composed of chemically doped graphene and h-BN was demonstrated.
The tunneling rectifier was formed by introducing p- and n-type doping
into the graphene electrodes on either side of an h-BN tunneling barrier,
chemically from AuCl3 and BV, respectively. A linear dispersion
relation and effective control over the Fermi energy level (EF) of
graphene resulted in an excellent diode performance by the fabricated
2D graphene tunneling diode
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Two-Photon Induced Luminescence of Graphene Oxide Quantum Dots for Heavy Metal

Ion Sensing
JANG Min-Ho, HA Hyun Dong1, SEO Tae Seok1, CHO Yong-Hoon
Department of Physics and Graphene Research Center of KI for the
NanoCentury, KAIST. 1Department of Chemical and Biomolecular
Engineering and Institute for the BioCentury, KAIST.
Graphene quantum dots (GQD) have advantages in terms of the costeffectiveness in synthesis, low toxicity, and reduced photobleaching.
Thanks to such characteristics besides good solubility, high biocompatibility, and broad range of optical absorptivity, GQDs
have high potentials to be used as a fluorescent tag for biomolecular sensing and cellular bioimaging.[1] Furthermore, the
graphene oxide quantum dots (GOQDs), which include much more oxygen functional groups, induced extreme waterdispersiblity and higher portion of surface functionalization area to other materials. Herein, uniform GOQDs were fabricated
as a single-layer and circular shape within 4 nm diameter by acidic exfoliation from the graphite nanoparticles.[2] Two-photon
induced luminescence of the GOQDs was observed by a femto-second Ti:sapphire pulsed laser (λex: 800 nm), and is green
color emission at ~563 nm, as shown in Figure 1. Two-photon induced luminescence with near-IR excitation is normally
adopted for biomolecular imaging, taking advantage of minor autofluorescence background signals, deep tissue penetration
depths, and low photodamage levels. In our research, we studied selective, sensitive and label-free Cu2+ detection via twophoton induced luminescence of the GOQDs linked with Cu2+ specific DNAzyme and verify the mechanism of electron
transfer from the GOQDs to Cu2+. Such development of this new material and analysis of the GOQDs may extend various
areas for biosensing or bioimaging probes.Figure 1. a) the photoluminescence (PL) spectra excited by 400 nm and 800 nm. b)
the one photon induced (OPI) PL and two photon indyced (TPI) PLintensities versus the excitation power (plotted in a
logarithmic scale). [1] L. Li, G. Wu, G. Yang, J. Peng, J. Zhao, and J. J. Zhu, Nanoscale 5, 4015-4039 (2013)[2] F. Liu, M. H.
Jang, H. D. Ha, J. H. Kim, Y. H. Cho*, and T. S. Seo*, Advanced Materials 25, 3657-3662 (2013)
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Growth of Three Dimensional Flower-like MoS2 Hierarchical Structures on

Graphene/Carbon Nanotube Network: An Advanced Architecture for Energy Storage Devices
LINGAPPAN Niranjanmurthi,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
Herein we report the design and synthesis of 3D flower-like molybdenum disulphide hierarchical structures on the reduced
graphene oxide/multi-walled carbon nanotube backbone (designate as, f-MoS2/RGO/MWNTs) through a one-pot hydrothermal
method. Detailed mechanistic study reveals that the homogenously distributed oxidized MWNTs on RGO plays a pivotal role
for the formation of such morphology possibly due to the strong co-ordination effect. When evaluated as an anode for LIBs,
the f-MoS2/RGO/MWNTs hybrid delivers a high reversible capacity of 1290 mAh g−1 at the current density of 100 mA g−1,
which represents the highest capacity reported for MoS2 based system so far. The highly conductive MWNTs uniformly
wrapped on the f-MoS2/RGO/MWNTs assist in superior rate capability and excellent long cycle life with capacity retention of
94% after 100 cycles. The outstanding electrochemical performances can be attributed to the short diffusion and continuous
electron transport pathway from the intimate contact between f-MoS2, graphene and MWNTs.

EG-37

Direct and Epitaxial Growth of a Single-Crystal Lateral Hybridized Boron Nitride and
Graphene layer (h-BNC) on a Wide-Band Gap Semiconductor Wafer
,

,
,
,
,
,
,
.
Vertical or lateral heterogeneous structures of two-dimensional (2D) materials have paved the way for the pioneering works
on physics and applications of 2D materials. A hybridized hexagonal boron nitride (h-BN) and graphene lateral structure, a
representative heterogeneous 2D structure, have been fabricated on metals such as single-crystal metals or metal foils by
chemical vapor deposition (CVD). However, the h-BN/graphene lateral structures on metals require a further transfer process
for device applications, as reported on pure CVD graphene grown on metal foils. Here, we demonstrate that a single-crystal hBN/graphene lateral structure can be directly and epitaxially grown on a wide-gap semiconductor wafer, 6H-SiC(0001). First,
a single-crystal h-BN layer without a rotational angle with respect to bulk SiC was grown on a Si-terminated SiC wafer at 850
℃ using borazine molecules. Second, when heated above 1150 ℃ in vacuum, the h-BN layer was partially removed and,
sequentially, was replaced with graphene domains. Interestingly, the graphene domains had the same orientation as the h-BN
layer, resulting in a single-crystal h-BN/graphene lateral structure over a wafer scale. Above 1600 ℃, the single-crystal h-BN
layer was completely replaced with a single-crystal graphene layer. The h-BN/graphene lateral structure on a wide-gap
semiconductor wafer can be directly applied to devices without a further transfer process, as reported on pure epitaxial
graphene on a SiC wafer.

EG-38

Crystallinity and Preferential ordering of 1,4,5,8,9,11-Hexaazatriphenylene-hexanitrile
Thin Film between an Organic and Transparent Conductive Oxide layers
KIM Hyo Jung, LEE Jeong-Hwan1, KIM Jang-Joo1, LEE Hyun Hwi2
Pusan National University. 1Seoul National University. 2Pohang Accelerator Lab..
Crystallinity, preferential ordering, and structural stability of 1,4,5,8,9,11-hexaazatriphenylene-hexanitrile (HATCN) thin
film interconnected with organic/inorganic multilayer have been investigated. At the region close to the organic-organic
interface, HATCN formed low crystalline order with substantial amorphous phase. As film growth continued, HATCN stacked
to the high crystalline ordered phases. After the deposition of the indium zinc oxide (IZO) layer on top, the amount
preferentially ordered region of the HATCN increased without any severe structural deterioration. In addition, the HATCN
surface was kept quite stable by showing the sharp interface between HATCN and sputtering deposited IZO layers. We
proposed the model for the HATCN crystallies between organic/inorganic multilayers based on the analysis of GIWAXS data.

EG-39

Hydrothermal growth of ZnO nanosheets assembled hollow structure: mechanisms and
photoinduced properties
KHOA Nguyen Tri, KIM Soon Wook, THUAN Doan Van, YOO DaeHwang, HAHN Sung hong
University of Ulsan, Department of Physics.
We used the hydrothermal method for growing different structures of
ZnO, including nanosheets, nanosheets assembled hollow spheres
(NAHS), and hollow hierarchical aggregates (HHA) under trisodium
citrate assisted. The trisodium citrate played a key role as a blocking,
capping, and orienting material, which attrated Zn2+ precursor to control
the growth direction of ZnO. The NAHS and HHA morphologies were
characterized to explore their growth mechanisms. The NAHS was
formed by the assembly of 2D nanosheets on the surface of formaldehyde bubble template, while the HHA was obtained by
the assembly and hierarchical aggregate of NAHS. The optical properties, including UV-vis absorbance, photoluminescene,
and emission quantum yield were investigated. The NAHS had higher photon absorbance, less defects, and better charge
transfer, which leaded to the better photocatalytic performance than that of HHA.

EG-40*
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Topological Control of Graphene with Artificial DNA Nanostructure
1,

,
1

,
.
, SAINT.
Despite many studies progressed on the electronic properties of graphene controlled by geometry, they have certain limitation
to fabricate scales and dimensions. Here, we demonstrate controlled topographical replication of graphene by artificial DNA
nanostructures. Due to the DNA nanostructures, we can control nanoscale topography of graphene structures and it showed
interesting sheet resistance changes depends on temperature.

EG-41*

Multi-Color Optical Waveguide using Blue-light-emitting Organic Nanowire Hybridized
with Quantum Dots: Application to Remote Bio-sensing
CHO Eun Hei, KIM Bong-Gi1, LEE Jubok2, PARK Dong Hyuk3, JEON Sumin4, LEE Kwang-sup4, KIM Jinsang1, KIM
Jeongyong2, JOO Jinsoo
Department of Physics, Korea University. 1Macromolecular Science and Engineering, University of Michigan. 2IBS Center
for Integrated Nanostructure Physics, Sungkyunkwan University. 3Division of Nano-systems Engineering, Inha
University. 4Department of Advanced Materials, Hannam University.
The multi-color delivery system of photons was realized using the hybrid of 1,4-bis(3,5-bis(trifluoromethyl)styryl)-2,5dibromobenzene (TSDB) nanowire (NW) and CdSe/ZnS QDs. The TSDB containing Br atoms, resulting in the increase of
refractive index, has good waveguide properties. The optical properties were investigated using laser confocal microscope
(LCM) PL and TR-PL spectra. The guided emission color of TSDB/QDs hybrid NW was changed by optical properties of
QDs and it could be explained by an energy transfer effect. Furthermore, remote bio-sensing using dye attached bio-materials
is presented by adapting the transportation of QD-emission through the hybrid NW.

EG-42*

The role of grain boundaries in Cu2ZnSn(S,Se)4 and Cu(In,Ga)Se2 thin-film by Kelvin

probe force microscopy
,

,

,
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. 1DGIST.
The Cu2ZnSnSSe4 (CZTSSe) and its related compounds are the most
promising absorber materials for thin films solar cells as an alternative
to CuInGaSe2 (CIGS). However, the conversion efficiency of CZTSSe
is still lower than CIGS thin-film solar cell. In CIGS thin-film, grain
boundary (GB) is a critical issue for high efficiency result from sodium
diffusion through the GBs. Thus, we have to investigate difference GBs
properties and electron-hole carrier recombination between CIGS and
CZTSSe thin-films. The CZTSSe and CIGS thin-films were grown by sputtering and co-evaporation methods. So far, it is
still debate going on the role of GBs in CZTSSe. For this study, we compared the local surface potential using Kelvin probe
force microscopy near GBs in CIGS and CZTSSe absorber layers. The CZTSSe thin-film shows significantly positive bending
of surface potential around the GBs and thus minority carrier collection enhanced at GBs in CZTSSe thin-films. From the
local electrical characterization, we can identify the roles of GBs in CZTSSe are similar to CIGS thin-films. Consequently,
GBs in CZTSSe thin-film solar cell is one of the essential of consideration to improving cell efficiency.

EG-43*

Direct Aqueous Dispersion of Carbon Nanotubes with Polyelectrolyte

SIM Yumin, SEONG Maeng-Je
Chung-Ang University, Department of Physics.
We have synthesized functionalized carbon nanotubes (CNTs) with polyelectrolytes (polystyrene sodium sulfonate) using
direct ultrasonic dispersion in distilled water followed by ultracentrifugation without any pre-treatment of the CNTs. The
polyelectrolyte-functionalized CNTs were characterized by using Raman spectroscopy and photoluminescence (PL). Raman
spectra showed typical G-band and 2D-band signatures of CNT at ~1590cm-1, and ~2630cm-1, respectively. PL result
showed that bundled CNTs were debundled to isolated single CNTs. Biocompatible functionalization of CNTs using
polyelectrolytes will also be discussed.
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P1-E003*

Measurement of Reactive Hydroxyl Radical Species inside the Biosolutions during Nonthermal Atmospheric Pressure Plasma Jet Bombardment onto the Solution
,

,
,
,
,
,
.
Non-thermal atmospheric pressure plasma jet could generate various kinds of radicals on biosolution surfaces as well as inside
the biosolutions. The electron temperature and ion density for this non-thermal plasma jet have been measured to be about 0.8
~ 1 eV and 1 x 1013 cm-3 in this experiment, respectively, by atmospheric collisional radiative model and ion collector current.
In this context, the hydroxyl OH radical density inside the biosolutions has been also investigated experimentally by ultraviolet
absorption spectroscopy when the Ar bioplasma jet has been bombarded onto them. It is found that the emission and
absorption profiles for the other ROS species such as NO (226 nm) and O2*- (226 nm) are shown to be very small inside the
biosolution in comparison with those for the OH radical species. It is found that the densities of OH radical species inside the
biosolutions are higher by about 4~9 times than those on the surface in this experiment. The densities of the OH radical species
inside the DI water, DMEM, and PBS are measured to be about 4.3 x 1016 cm-3, 2.2 x 1016 cm-3, and 2.1 x 1016 cm-3,
respectively, at 2 mm downstream from the surface under optimized Ar gas flow of 250 sccm. It is also found that the critical
hydroxyl OH radical density for the lung cancer H460 cells to experience an apoptosis is observed to be around 0.3 x 1016 cm-3
in this experiment.

P1-E004*
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Dynamic quenching of rhodamine 110 using time correlated single photon counting

JUNG Seokhyun, KIM Soo Yong, KIM Sok Won1
KAIST, Department of Physics. 1University of Ulsan, Department of Physics.
We present the detailed advantages of applying time correlated single photon counting (TCSPC) to the study of bimolecular
reactions. Fluorescence quenching studies of rhodamine 110 were investigated using the TCSPC system to observe collisional
quenching and fluorescent resonant energy transfer. TCSPC provides us with the benefits to observe fluorescence quenching
regardless of donor concentration. The unwanted effects such as defocusing effect can be removed by the TCSPC system so
that stable and robust fluorescence quenching analysis is viable. We studied the fluorescence quenching of rhodamine 110 by
using both iodide and TOTO. In spite of the significant absorbance of the TOTO at an excited wavelength, the fluorescence
quenching studies were found to be successful using TCSPC. Quantitative analysis of iodide ions is also possible using the
TCSPC.
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Interference between Neural Mosaics Generates Functional Structure and Correlated
Activities in the Brain
SAILAMUL Pachaya, JANG Jae Son, PAIK Se-Bum
KAIST, Bio&Brain Engineering.
Correlated neural activities such as synchronizations and oscillations are observed in various areas in the brain. In many
cases, abnormalities of these activities accompany some brain disorders such as schizophrenia and epilepsy. Thus it is assumed
that correlated activities in neural networks play an important role in brain function. Currently, however, the relationship
between the local activity patterns and the structure of underlying neural network is not understood completely. Here we study
this issue using mathematical model and computer simulation of large cortical neural network.
First, we examined how a neural circuit in the cortex can be structured by the interaction of two different types of neural
mosaics. We developed two quasi-regular mosaic patterns of Excitatory (E) and Inhibitory (I) neurons using our
developmental model algorithm; the local repulsive interaction model. Then, we found that the superposition of two types of
neural mosaics generates a periodic pattern called moiré interference with systematic variation of nearest neighbor distance
between pair of two cell types. This leads to the systematic wirings between E and I neurons across cortical space, which
results in an organized neural circuit structure in the network.
Subsequently, we examined the patterns of the correlated neural activity in this neural circuit. Using the NEURON
simulator, we observed that the spike pattern in the neural population significantly varies depending on the locations in the
model network. This variation was regular and periodic, matching the local connectivity pattern in the model network whereas
a neural circuit of randomly structured neural mosaics, compared as a control, gives no spatial organization of spike activities.
Our result suggests that the orderly structured cortical neural mosaics can generate periodic cortical circuits and regularly
patterned neural activities, which can be described by a simple mathematical model.

P1-E007*

A Common Dynamics in Human Sensory Perception Modeled as Bi-Stable System

,
,
KAIST, Bio and Brain Engineering.
When human sensory system receives an ambiguous signal, human perception often switches between two interpretations, and
this process can be mathematically modelled with bi-stable model (Bialek & DeWeese 1995). Understanding this bi-stable
perception is important to study brain’s top-down activity (Sterzer & Kleinschmdit 2007, Georgopoulos et al. 2010). The
reversal time between bi-stable states, in particular, seems an important factor (A. Borsellino et al. 1972) but its meaning and
the mechanism of its variation is not completely understood yet. To examine the dynamic features of bi-stable perception, we
performed psychophysical experiments, measuring reversal time in different types of bi-stable stimulus - the Necker cube for
static case and the racetrack for dynamic case. Our hypothesis is that there exists a common mechanism of brain to interpret
ambiguous signal regardless of signal type; whether static or dynamic. First we found that the measured reversal time is very
consistent in each individual, but varies significantly across subjects. Interestingly, we found that the reversal times for the
static (Necker cube) and the dynamic stimulus (racetrack) were highly correlated.Our result suggests that the two experimental
results can be described as a common model, showing a possibility that the brain may have a universal top-down mechanism
for the interpretation of ambiguous signal regardless of the stimulus type. Further experiments with other types of ambiguous
signal and theoretical analysis with double well potential model would be required to confirm the suggested hypothesis.

P1-E008*

An Interference Pattern Generated by Intrinsic Geometrical Factors can develop a Periodic
Structure in Biological System
JANG Jae Son, SAILAMUL Pachaya, PAIK Se-Bum
KAIST, Bio and Brain engineering.
In biological system, we can find numerous orderly patterns which are thought to play a role in particular function. In sensory
system, for example, retinal ganglion cells (RGCs) have a regular lattice pattern called a “mosaic” that is probably optimized
in capturing visual stimuli information, to minimize missing information. Thus it is crucial to understand the characteristics of
spatial distribution of ON and OFF type RGCs and how this distribution is developed. Previously, there have been various
theoretical model approaches such as pairwise interaction point process (PIPP)1 that, to a certain degree, reproduces statistical
features measured in animal data. However, this model does not completely match all the parameters of observed RGC
mosaics, and raises a question of what is the relevance of this mathematical model to the real developmental mechanism. Here
we suggest a new model of neural mosaic development that is not only mathematically successful but also biologically
plausible for explaining developmental mechanism. First we assumed a local repulsive interaction between the nearby cells
that induces gradual shifts of their location during the development, and predicted that this plays a critical role to generate an
orderly structure of neural mosaics. By performing computer simulations of model neural population, we confirmed that local
interaction in monotypic layer can develop a long-range order in the mosaic structure, roughly similar to a hexagonal lattice
pattern. In addition, we also observed a moiré interference pattern arise from the superposition of ON and OFF mosaics, which
becomes a blueprint of cortical functional maps.2 Our result suggests that a simple local interaction rule between neurons can
explain the development of a long-range order in the population structure, and the interference pattern between these mosaics
that explain the development of functional maps in brain.
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Polarization of the metamagnetic resonance of cut-wire-pair structure

NGUYEN Van Dung, YOO Young Joon, KIM Young Ju, LEE Youngpak, NGUYEN Thanh Tung1
Department of Physics, Quantum Photonic Science Research Center and RINS, Hanyang University, Seoul, 133-791,
Korea. 1Department of Physics and Astronomy, KU Leuven, B-3001 Leuven, Belgium.
Polarization is one of the fundamental properties of electromagnetic (EM) wave. We performed both simulation and
experiment on the influence of polarization on the magnetic resonance of cut-wire-pair structure, which is considered as a
magnetic metamaterial for designing the negative index-of-refraction. In simulation, the evolution of the transmission spectra
was calculated by utilizing the finite integration method. We also employed a Hewlett-Packard E8364B network analyzer to
carry out the measurements. In order to understand the mechanism, the analysis was performed, based on the hybridization
scheme. Good agreement between simulation and experiment is archived. It is shown that the magnetic resonance depends on
not only the structural but also the polarization of incident wave. * This was supported by the MSIP, Korea under KCA-2013005-038-001.
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Tunable dual absorption by electromagnetic polarization
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In last decade, metamaterials, which are basically structured materials with periodic patterns exhibiting extraordinary
electromagnetic properties applicable to advanced devices, have attained great interests. By appropriately adjusting the
absorption according to the polarization of electromagnetic wave, the use of metamaterials can greatly affect our daily life,
from consumer products to high-tech applications. The metamaterial concept has become one of the most important issues in
the perfect-absorber research because of its potential applications. We numerically and experimentally investigated a dualband perfect absorber based on a sandwich structure of the conventional metamaterial absorber, which includes three layers:
one layer at the front contains periodic metallic pattern and another layer is metallic plane layer at the back. A dielectric layer
is located between the two layers. Dual-band absorption can be switched off with changing the polarization angle. With
decreasing the original dual-band absorption, other dual-band absorption peaks can appear. * This was supported by the MSIP,
Korea under KCA-2013-005-038-001.

P1-E012*

Polarization-independent Metamaterial Dual-band Perfect Absorber only using Single

Pattern
,

1,

,
1

2,

3,

,
.
,
. 2
,
. 3
,
.
Metamaterials draw intensive interests of many researchers recently, due to the versatility of controlling the incident
electromagnetic wave and the properties which cannot be observed in nature, such as negative refractive index, extraordinary
optical transmission, classical analogue of electromagnetically-induced transparency, perfect absorber and so on. Among
metamaterials, perfect-absorption metamaterials are useful for advanced microwave absorber, and improved efficiency of solar
cells and plasmonic sensors, bolometers and wireless power transfer. Typical perfect-absorption metamaterials contain the
meta-atoms which induce high loss. In this study, we realized the polarization-independent dual-band perfect absorption by
using only one kind of pattern. Furthermore, planar metamaterial, which consists of periodic metallic donut-shape meta-atoms
at the front separated from the metallic plane at the back by a dielectric FR-4 layer, was employed. For the low-frequency
peak, the absorption is induced by the fundamental magnetic resonance. The high-frequency perfect absorption is caused by
the third-harmonic magnetic resonance of meta-atom. The polarization independence is also manifested. * This was supported
by the MSIP, Korea under KCA-2013-005-038-001.
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SiOXNY Encapsulation Film Fabricated by Plasma Enhanced Chemical Vapor Deposition

JIN Chang-Kyu, HWANG Do-Kyung1, KIM Tae-Hwan2, CHOI Won-Kook1
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Complex Plasmonic Resonances of Metallic Nano-Ring Structures

HEO Minsung, KIM Jaekyung, SHIN Jonghwa
Department of Materials Science and Engineering, KAIST.
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Interface Structure Effect on Magnetic Properties at Magnetic-Metal/semiconductingOrganic Interface
KIM Dong-Ok, AHN KwangSeok, KIM JongBum, SONG KyoungMi1, KIM Jae-Sung1, CHOI Jun-Woo2, CHO ByeongGwan3, LEE KiBong3, LEE DongRyeol
Department of Physics, Soongsil University. 1Department of Physics, Sookmyung Women`s University. 2Spin Device
Research Center, Korea Institute of Science and Technology. 3Department of Physics, Pohang University of Science and
Technology.
In organic spintronics attracting great interest, the interface structures at metal/organic interfaces are important because
diffusion of metal atoms into organic layers significantly affects the spin and electron injection from magnetic metal electrodes
to semiconducting organic channels. Furthermore, it has been well known that the electrical properties in organic transistors
are strongly dependent of the surface morphology of organic semiconductor layers [1] and metal diffusion can be affected by
metal deposition rate [2]. Here, we have studied magnetic properties of the cobalt films deposited with different deposition
rates and onto different organic layers such as C60, C60-on-pentacene, and pentacene layers, respectively. It is noted that C60
layers deposited on bare SiO2 (C60) and pentacene surfaces (C60-on-pentacene) present randomly and highly oriented
crystalline structures, respectively, and show distinct surface morphologies [1]. We observed that the magnetic hysteresis loops
among the Co thin films on various organic surfaces do not change significantly for faster deposition rate of Co metals. On the
other hand, for slower deposition rate the coercive fields of magnetic hysteresis loops noticeably vary with different organic
surfaces. The reason is that the organic underlayers are little affected because Co atoms form clusters in the former case while
those severely affect the thin film structures of Co layers because Co atoms penetrate into the organic layer in the latter case.
This result provides an important key to improve spin transportation performance organic spintronics devices.
[1]
Kwangseok Ahn, et al., APL 102, 043306 (2013) [2] Jeong Ho Cho, et al., APL 89, 132101 (2006)
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Stretchable electric conductor consisting of carbon nanotube sheet and elastomer

LE Viet Thong, LEE YouRack, LEE Young Hee, SUH Dongseok
IBS
.
Stretchable electric conductor has been suggested so far from many different approaches. However, except for applying liquid
metal, stretch ability of electric conductor is limited up to its mechanical elongation ability itself. So, pre-straining method or
weaving a fabric, etc. have been the alternative ways to increase stretching ability by using inner structural characteristics.
Here we also applied the pre-strained elastomer putting carbon nanotube sheets on its surface to make a stretchable conductor.
But, the different thing is that it has a huge amount of stretch ability (stretched up to 7 times longer than its initial length),
while it still remains its change of resistance within small amount (R/R0<30%) during repeated stretching test (>1000 cycles.)
This result could be achieved by combining finely aligned CNT sheet (drawn from vertically aligned CNT forest) and superstretchable elastomer. Adhesion between CNT sheet and the elastomer is so strong in addition to flexibility of CNT sheet
itself; even it is stretched in high tensile strain, its structure still remains without defects.
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Synthesis And Characterization Of Hexagonal Twisted Bilayer Graphene

HONG Sung Ju, HAN Gang Hee1, R. MANZO A. Julio1, DRNDIC Marija1, JOHNSON A. T. Charlie1, PARK Yung Woo
Department of Physics and Astronomy, Seoul National University. 1Department of Physics and Astronomy, University of
Pennsylvania.
The hexagonal twisted bilayer graphene (tBLG) was grown by chemical vapor deposition (CVD) method. Comparing the
optical image and the electron diffraction pattern, it is confirmed that the twist angle can be extracted from the optical images.
The twist angle was also confirmed by Raman spectroscopy. The Raman spectra for different twist angles agreed well with the
previous results in which the twist angles were measured by electron diffraction experiments. Furthermore, we characterized
the electrical property of tBLG with top and bottom dual gates configuration. We observed that the maximum resistance was
decreased as top and bottom gates were applied, which is contrast with both that of single layer and Bernal stacked bilayer
graphene. Rather, the behavior supports two independent layer model which was previously reported in single gated
configuration.

P1-E022

Fabrication of transparent conductive films using copper nanoparticle/graphene oxide on
electrospun polyurethane nanofibers
,

1,

. 1
.
We demonstrated a method to fabricate multi-layered transparent conductive films (TCF) using graphene nanosheets (GNSs),
copper nanoparticles (CuNps) and polyurethane (PU) nanofibers. The flexible graphene nanosheets (GNSs) serve as nanoscale
connection between conductive copper nanoparticles (CuNps) and PU nanofibers, resulting in a highly flexible TCF. In this
experiment, the copper powder and graphene oxides were mixed in deionized water with the ultrasonication, also the NaBH4
solution was magnetic stirred for 2 h. The NaBH4 solution was used as a reduction agents of CuNps and GNSs (CuNps-GNSs)
under atmosphere in the oil bath at 100℃ for 24 h to mixed. The purified and dispersed CuNps-GNSs were obtained in
deionized water, and diluted to a 10 wt.% based on the contents of CuNps-GNSs. Polyurethane (PU) nanofibers on a glass
substrate were formed using electrospinning method. The optical transmittance can be further increased after melting the PU
nanofibers at 100 ℃. The glass slides coated with the PU nanofibers were immersed into CuNps-GNSs solution for 10 sec, and
was dried at 150 ℃ to obtain self-assembled CuNp-GNS/PU films. The morphology of the multi-layered films were
characterized with a field emission scanning electron microscope(FE-SEM, Hitachi S-4700) and atomic force microscope
(AFM, PSIA XE-100). The electrical property was analysed by the I-V measurement system and the optical property was
measured by the UV/VIS spectroscopy.
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Effects of Dielectric Barrier Discharge (DBD) Plasma on Seed Germination and Plant

Growth
KIM Taesoo, PARK Daehun, PARK Gyungsoon, CHOI Eun Ha
.
Plasma technology has been widely used for sterilization, differentiation, and disease treatment. Recently, studies show that
plasma has effects on enhancing seed germination and plant growth. In spite of increasing number of studies about plasma
effects, the interaction between plasma and plants has been rarely reported. In this study, we have analyzed the effects of
nonthermal atmospheric pressure plasma on seed germination and growth of coriander(Coriandum sativum), a medicinal plant.
Ar, air, and N2 were used for plasma gerneration as feeding gases. Plasma was discharged at 0.62kV, 200mA, 9.2 W. Seed
germination was increased over time when treated with N2 based DBD plasma for exposure times of 30 seconds and 1 minute,
everyday. After 7 days, about 80-100% of seeds were germinated in the treatment with N2 based DBD plasma, compared to
control (about 40%, only gas treated seeds). In order to elucidate the mechanism of increased germination, we have analyzed
characteristics of changes in plant hormones and seed surface structure by SEM.

P1-E026

Selectivity of Information in Human Visual Perception

AN Soyoung, CHOI woochul, PAIK Se-Bum
KAIST, Department of Bio and Brain Engineering.
Human sensory system processes various types of stimuli under many different circumstances. Since the stimuli contain
various information, it is an important issue how different information can be extracted and selectively used in the brain.
Human visual system processes the most complicated signals among all other sensory inputs, and its mechanism to recognize
visual objects is of great interest. Here we perform the human psychophysical experiments and the computational analyses to
give a clue to these questions: To what kind of information human visual system is mostly sensitive? And how the neural
system selectively use this information for visual object recognition? We examined human performance in a simple samedifferent pattern discrimination task. A human subject is shown visual patterns that are the mixture of two visual patterns: a
checker-board-like pattern, and a noise-like random pattern. We found that, when the subjects were asked to select two
patterns that look similar, the choice mostly depended on the similarity of checker-board-like pattern components, but not on
the noise-like patterns. Surprisingly, this result was consistent even when the given stimuli were composed of much larger part
of the noise-like pattern than the checker-board. To examine this result more quantitatively, we performed a Fourier
component analysis and found that the human subject are more dependent on the lower spatial frequency component of the
stimuli in this pattern recognition task, possibly relevant to the fact that natural scenes have strong low frequency component
in their spectrum. Our result suggests that human sensory system does not process information mechanically, but more
dynamically in a way that some useful component, such as a global structure of visual scenes, can be recognized more
effectively. The result is important to understand how human brain processes sensory information, and may be applicable to
develop an algorithm for artificial intelligence system.

P1-E027

Cobalt Phthalocyanine of Organic Semiconductor Studied by Electrical Measurements

LEE Jeihyun, KIM Hyein, SHIN Dongguen, LEE Younjoo, PARK Soohyung, YOO jisu, JEONG Junkyeong, HYUN
Gyeongho, JEONG Kwangho, YI Yeonjin
Institute of Physics and Applied Physics, Yonsei University.
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Study of carrier injection and transport mechanism in TIPS-pentacene devices
,
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By using optical electric field induced second harmonic generation (EFISHG) and electrical measurements, we discuss carrier
injection and transport of organic field effect transistors and double-layer diodes, on keeping in mind that the active layer of
these devices exhibit dielectric nature. Analyzing these results in terms of carrier injection property on the basis of the
Maxwell-Wagner effect model, we conclude that using EFISHG measurement is an effective way to probe carrier injection
and transport in TIPS-pentacene layer in organic devices.

P1-E029

Carrier lifetime extension via the incorporation of robust hole/electron blocking layers in
bulk heterojunction polymer solar cells
,
.
We report the achievement of a power conversion efficiency (PCE) improvement in P3HT:PCBM-based bulk-heterojunction
type polymer solar cells using photocrosslinked P3HT (c-P3HT) as the electron blocking/hole extraction layer and titanium
oxide nanoparticles (TiO2) as the hole blocking/electron extraction layer. Devices prepared with a 20 nm thick c-P3HT layer
showed an improved PCE of 3.4% compared to devices prepared without the c-P3HT layer (PCE = 3.0%). This improvement
was attributed to an extension in the carrier lifetime and an enhancement in the carrier mobility. The incorporation of the cP3HT layer lengthened the carrier lifetime and increased the hole mobility. These results suggest that the c-P3HT layer not
only prevented non-geminate recombination, but it also improved carrier transport. This work demonstrates that the
incorporation of solution-processable hole and electron blocking/extraction layers offers an effective means for preventing
nongeminate recombination at the interfaces between a photoactive layer and an electrode in bulk-heterojunction-type polymer
solar cells.

P1-E030

Magnetoresistance of a copolymer: FeCl3-doped poly(2,5-dioctyloxy-p-phenylene vinylene-

alt-3,4-ethylenedioxythiophene vinylene)
,

,
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. 2National High

Magnetic Field Laboratory.
An experimental study of the low temperature magnetoresistance (MR)
in a FeCl3-doped copolymer in which ethylenedioxythiophene and
phenylene are alternatively linked by vinylene units is reported. The
temperature dependence of conductivity followed characteristics of
Coulomb gap variable range hopping (VRH) at low temperatures. The
MR showed a crossover from negative to positive values. The negative MR in VRH regime is absent in many semiconductors
following VRH and the reason of the presence and absence of the negative MR is still not well understood. The crossover was
explained by competition of negative and positive contributions which originated from quantum interference and shrinkage of
wave function, respectively.

P1-E031

Electronic Transport and Photo-induced Current in Van Der Waals Heterostructures

LEE Young Hee, DOAN Manh Ha, VU Quoc An, CHAE Sang Hoon, ADHIKARI Subash
IBS
.
Layered materials, such as graphite and transition-metal dichalcogenides (TMDs), usually exist in bulk form as stacks of
strongly bonded layers with weak interlayer attraction. This allows exfoliation into individual, atomically thin layers.
Interestingly, single-layers of these materials show unique properties that can not be found in their bulk form. In addition, one
can stack the layers of different materials together to form a so-called van der Waals heterostructure. By controlling its
electronic structure, this heterostructure can be used for various applications such as tunneling devices or optoelectronic
devices. Electronic transport study is a critical issue for optimization of the device performance. In this report, we present
current-voltage characteristics of the heterostructures made by stacking thin layers of graphene and TMDs including MoS2,
WS2, and WSe2. The examined devices have been fabricated by using mechanical exfoliation, dry transfer, and e-beam
lithography processes. The dark I-V curves show rectifying behavior of Schottky and p-n junction diodes in the
graphene/TMD and TMD/TMD heterostructures, respectively, while photo-induced currents are observed in the devices under
light irradiation. Current flow in the device can be controlled by applying a back-gate voltage.

P1-E032

Transmission Properties of Terahertz Waves through W doped VO2 Thin Films

1,
1
,
,
,
ETRI THz
, UST
. 1ETRI THz
.
We measured the temperature dependence of THz transmission properties through VO2 thin film for various amount of W
doping concentrations. The transmittance of the thin film was thermally modulated, and the modulation depth was measured to
be uniform over the frequency range of 0.5-2.0 THz. Furthermore, this value was controlled by W doping concentration in
VO2 thin films. The result shows the possibility of realizing thermally controllable THz optical switches and modulators.
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Methodology of signal extraction from numerically simulated Optical Coherence

Tomography
KIM Jong Uk, SHIN Jonghwa
.
Optical coherence tomography (OCT) is one of the promising non-invasive optical imaging methods due to its capability of
capturing live sub-surface images at high resolution without radiation damage. For numerical study of OCT, various numerical
studies have been studied and Monte-Carlo method has been used extensively in OCT analysis. This method is inherently
statistical method and not suitable for the problems that require high accuracy. To overcome with this problem, finite
difference time domain (FDTD) has been proposed. FDTD is first principle based method which provides high accuracy and
versatility. Although, solely realization of OCT system in FDTD environment requires larger simulation volume and
calculation time due to complex optics system in OCT.In this study, we have implement FDTD method and Matlab calculation
to realize real OCT system for numerical analysis. In this scheme, FDTD method is employed for analysis of light-tissue
interaction and collection of near-field backscattering information. And then, Matlab is carried out to extract simulated OCT
signal by reconstruction of collected information through virtual optics system of OCT. This is first demonstration of OCT
system in FDTD environment with an assist of Matlab in our knowledge. And this study will open extensive numerical
analysis of OCT with high accuracy and less time consuming.

P1-E035

Measurement of Reactive Hydroxyl Radical Species inside the Biosolutions during Nonthermal Atmospheric Pressure Plasma Jet Bombardment onto the Solution
,

,

,

,
,
,
,
,
,
.
Non-thermal atmospheric pressure plasma jet could generate various kinds of radicals on biosolution surfaces as well as inside
the biosolutions. The electron temperature and ion density for this non-thermal plasma jet have been measured to be about 0.8
~ 1 eV and 1 x 1013 cm-3 in this experiment, respectively, by atmospheric collisional radiative model and ion collector current.
In this context, the hydroxyl OH radical density inside the biosolutions has been also investigated experimentally by ultraviolet
absorption spectroscopy when the Ar bioplasma jet has been bombarded onto them. It is found that the emission and
absorption profiles for the other ROS species such as NO (226 nm) and O2*- (226 nm) are shown to be very small inside the
biosolution in comparison with those for the OH radical species. It is found that the densities of OH radical species inside the
biosolutions are higher by about 4~9 times than those on the surface in this experiment. The densities of the OH radical species
inside the DI water, DMEM, and PBS are measured to be about 4.3 x 1016 cm-3, 2.2 x 1016 cm-3, and 2.1 x 1016 cm-3,
respectively, at 2 mm downstream from the surface under optimized Ar gas flow of 250 sccm. It is also found that the critical
hydroxyl OH radical density for the lung cancer H460 cells to experience an apoptosis is observed to be around 0.3 x 1016 cm-3
in this experiment.
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Characterization of MoS2 thin film deposited with pulsed laser deposition method

HUH Rock, TAM Le Chinh, SENTHILKUMAR V., YONG SOO Kim
Department of Physics and Energy Harvest-Storage Research Center, University of Ulsan.
In this work, molybdenum disulfide (MoS2) thin film was deposited with pulsed laser deposition method to obtain monolayer
transition metal dichalcogenide (TMDC) flake. The deposited films were characterized with second electron microscope
(SEM), photoluminescence (PL), Raman scattering spectroscopy, and spectro-ellipsometry (SE). The morphology and size of
deposited Mo S2 film was affected by sputtered vapor and delay time between pulses. According to peak separation of Raman
spectroscopy, in-plane and out-plane vibration mode, optimized MoS2 film have 4~5 monolayer. We also observed with PL
that deposited MoS2 films show clear direct optical transitions (A and B exaction) due to reduced number of monolayer.

P2-E038*

Synthesis of Large-Scale Transition Metal Dichacogenides Using Chemical Vapor

Deposition
YUN SeokJoon
Center for Integrated Nanostructure Physics (CINAP), Institute for Basic Science (IBS), Sungkyunkwan University,Suwon 446746, Korea.
As one of Graphene analogues, Transition Metal Dichalcogenides (TMDC) have recently renewed interest owing to their
unique properties in band transition from indirect to direct in single layers, flexible, optoelectronic and tunneling devices.
Recently many researches were conducted for synthesizing TMDCs such as MoS2, MoSe2, WS2 for various application
especially nano-electronics as a next generation of silicon. However, there are many types of TMDCs which is still not much
studied and less effort has been made to explore the other types of TMDCs such as WSe2 or MoTe2. So here we introduce
simple way to synthesize TMDCs by Chemical Vapor Deposition Technique with large-scale and applicable to all type of
TMDCs

P2-E039*

Influence of sulfurization temperature on Cu2ZnSnS4 thin films prepared by direct solution

method
NGUYEN Viet Tuyen, NAM DAHYUN, MUNGUNSHAGAI Gansukh, PARK SI-NAE1, SUNG SHI-JOON1, SON DAEHO1, KIMDAE-HWAN Kim1, KANG JIN-KYU1, HYEONSIK Cheong
Department of Physics, Sogang University, Seoul, Korea, 121-742. 1Advanced Convergence Research Center, DaeguGyeongbuk Institute of Science and Technology (DGIST), Daegu, Korea.
Cu2ZnSnS4(CZTS) thin films were prepared by a direct solution method from low cost precursors, followed by a subsequent
sulfurization process. The effect of sulfurization temperature on properties of the absorber thin films was studied. The
optimum temperature for sulfurization process, which gives highest cell efficiency of 4.67%, is 570oC. Annealing at higher
sulfurization temperature improves the crystal quality but also results in the formation of secondary phases such as Cu2SnS3
and ZnS. The detrimental effect of these secondary phases seem to be more critical than the benefit brought by the
improvement in the crystallinity and hence ruin the efficiency of the cells. Furthermore, Raman scattering results show that
carbon nitride was formed as randomly distributed islands on the surface of CZTS layer. Possible effects of this form of carbon
residue on the cell performance were also investigated.

P2-E040*

Polarized Raman Study of Cu-poor and Zn-rich Single-crystal Cu2ZnSnSe4

NAM Dahyun, KIM Jungcheol, LEE Jae-Ung, NAGAOKA Akira1, YOSHINO Kenji1, CHEONG Hyeonsik
,
. 1University of Miyazaki, Department of Electrical and Elecgtronic Engineering.
We performed polarized Raman measurements of single-crystal Cu2ZnSnSe4 (CZTSe). Raman spectroscopy is a powerful
method to probe not only the crystallinity of CZTSe but also a small amount of secondary phases in the film. Therefore, many
studies related to polycrystalline CZTSe thin films used Raman spectroscopy to confirm their CZTSe. Polarized Raman study
would allow us to know the origin of the vibrational modes in the Raman spectrum and help us understand the material itself.
A high quality CZTSe single-crystal was grown using a solution-based method. The composition of the sample was controlled
to be slightly Cu-poor and Zn-rich which is similar to the high efficiency CZTSe thin-film solar cells. The crystal has (112)
direction, which was confirmed by transmission electron microscopy. For the polarized Raman study, a 632.8-nm laser was
used as an excitation source and the results were compared with the simulation results. We observed 11 peaks and assigned
them for each Raman modes, A, B, Ex, and Ey.

P2-E041*

Raman Spectroscopy of Cu2ZnSn(S,Se)4 Thin Films with Different Cu/(Zn+Sn) and Zn/Sn

Composition Ratio
GANSUKH Mungunshagai, NAM Dahyun, SON Dae-ho1, YANG Kee-Jeong2, KIM Dae-Hwan2, KANG Jin-Kyu2,
CHEONG Hyeonsik
Sogang University, Department of Physics. 1DGIST, Advanced Convergence Technology Center. 2DGIST, Energy Research
Division.
Copper zinc tin selenide (Cu2ZnSnSe4, CZTSe), copper zinc tin sulfide (Cu2ZnSnS4, CZTS), and their alloys Cu2ZnSn(S,Se)4
are emerging as important light absorbers for next generation thin film solar cells, because they are made of abundant and
nontoxic elements and have good optical properties. The stoichiometric ratio of Cu,Zn,Sn,(S,Se) is 2:1:1:4. But most of the
CZTSSe cells with efficiencies higher than 8% are non-stoichiometric. These high efficiency cells have composition ratios
around Cu/(Zn+Sn)=0.85 and Zn/Sn=1.2. The underlying reason why Cu poor and Zn rich conditions give high efficiency is
not clear. There have been no reports on Cu/(Zn+Sn) and Zn/Sn composition effects of CZTSSe in Raman measurements. In
principle there should be small shift in the A (197cm-1) main peak of CZTSe when compositions are changed. In order to
observe the composition effect on the Raman peaks of CZTSSe films we prepared samples that have different Cu/(Zn+Sn) and
Zn/Sn ratios. CZTSSe thin films were grown by sputtering of metallic precursors (Cu, SnS and ZnS) followed by selenization.
The composition of these samples was measured by ICP. Using Raman spectroscopy we observed Raman peak shifts that
correlate with the composition of CZTSSe.
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Gamma-ray Irradiation Effects on Electrical Properties of Ferroelectric PbTiO3 and Pb

(Zr0.52Ti0.48)O3 Thin Films
YANG Sun A, KIM Byung Hoon, JEON Do Hyun, LEE Min Ku1, LEE Gyoung Ja1, BU Sang Don
Department of Physics, Chonbuk National University. 1Nuclear Materials Development Division, Korea Atomic Energy
Research Institute.
We investigated gamma-ray irradiation effects on electrical properties of ferroelectric PbTiO3 (PTO) and Pb(Zr0.52Ti0.48)O3
(PZT) thin films. PTO and PZT thin films were prepared by using a sol-gel method with spin-coating process. The prepared
PTO and PZT thin films were subjected to gamma radiation with various total doses from 0 kGy to 300 kGy. As a total dose
increases, a larger degradation behavior of electrical properties was observed in the PZT films rather than PTO films. About
35% of remanent polarization value decreased for the PZT films, while just 10% of that decreased for the PTO films. This
degradation behavior of polarization and dielectric properties can be explained by the pinning of domain walls by some
radiation-induced defects.

P2-E044*

Gamma-Ray Irradiation Effects on Electrical Properties of BiFeO3-BaTiO3 Ceramics

JEON Do Hyun, YANG Sun A, KIM Byung Hoon, LEE Myang Hwan1, SONG Tae Kwon1, LEE Min Ku2, LEE Gyoung Ja2,
BU Sang Don
Department of Physics, Chonbuk National University. 1School of Advanced Materials Engineering, Changwon National
University. 2Nuclear Materials Development Devision, Korea Atomic Energy Research Institute, Dae Jeon 305-353, Korea.
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Amplification of hot electrons by surface plasmon effect using metal-insulator-metal

structure.
LEE Changhwan, LEE Youngkeun, LEE Hyosun, AHN Changui1, PARK jeongyoung
KAIST, EEWS. 1KAIST, Material Science and Engineering.
MIM (Metal-Insulator-Metal) structures of Au-TiO2-Ti was used to probe hot electron flows generated upon photon
absorption. When the light is absorbed in gold thin film, hot electrons are generated, and they can inject above or tunnel
through the thin insulating barrier of TiO2. Here we show the amplification of hot electrons by localized surface plasmon
resonance on connected island structure made after heating the Au thin film. We studied the dependence of photocurrent on
insulator thickness and heating temperatures of metallic layers. We also confirm the presence of a localized surface plasmon at
550 nm using the measurement of incident-photon to electron-conversion efficiency (IPCE). The result suggests the intrinsic
correlation between hot electrons and localized surface plasmon resonance in the tunneling junction structures.
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Light induced phase transition in VO2 nanowires

KIM Eunah, SOHN Ahrum, KIM Dong-Wook
Department of Physics, Ewha Womans University, Seoul 120-750, Korea.
VO2 exhibits metal-insulator transition (MIT) and a tetragonal-monoclinic structural phase transition (SPT) at around 340 K.
There have been some reports showing that the phase transition can be induced by light (ultraviolet, visible and infrared).
Usually very strong intensity light has been used to generate photo-excited carriers exceeding the threshold for the transition
(6~7 mJ/cm2). Such strong light would limit practical application of the interesting physical phenomena.In this work, we study
the light-induced resistance change of VO2 nanowires, prepared by typical vapor-transfer technique. The VO2 nanowires show
sharp resistance drop when heating them over the transition temperature. Raman spectra also assure clear feature of SPT
during heating-and-cooling cycles of the nanowires. We investigate resistance-temperature characteristics while illuminating
the samples with several light sources (wavelength: 365, 510, and 620 nm). In the presentation, we will discuss the influence
of light on the phase transition of the VO2 nanowires, based on the temperature dependent resistance behaviors and Raman
spectra.
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Dry etching of graphene with double layer photoresist masks

SUH Dongseok, PARK Jeongmin, CHAE Sang Hoon, LEE Hyun Seok
IBS
.
Photoresist (PR) masks of double-layer structure consisting of UV-Photoresist and lift-off resist (LOR) are used for reactive
ion etching (RIE) in the graphene patterning process. This double layer forms the undercut structure which prohibits PR
residue remaining on the surface of graphene, which makes the etched pattern clean without any PR residue on the surface of
graphene. This method is expected to be used widely in the dry etch process of patterning many other two-dimensional
materials due to its wide process window.

P2-E056

A Low Temperature Reaction of Sulfurization for Synthesis of Transition Metal
Dichalcogenide Atomic Layer
,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
The monolayer transition metal dichalcogenides have recently attracted much attention owing to their potential in
valleytronics, flexible and low power electronics, and optoelectronic devices because of its wide band gap. Nowadays, many
researchers are using TCVD or ALD to get large-size two-dimensional MoS2 layer which reacted at high energy state. At high
temperature reaction, monolayer MoS2 (~0.63nm) is too thin to control the number of layer and it is shown that multilayers are
randomly located in the sample. However we successfully synthesized a few-layer of ultra-large area MoS2 thin films up to a
few inch by a sulfurization route at low temperature. A low temperature reaction could prevent the formation of Multilayer on
MoS2 layer because of low reaction speed. It is shown that the number of layer can be easily tuned by controlling the growth
temperature and time. We investigated their structural and optical properties by using photoluminescence and Raman
spectroscopy. Our results suggested that a simple sulfurization process can be exploited to obtain a few-layer of ultra-large
area TDMs thin films below 500℃. This may open up a great opportunity for the exploration of novel TMDs to many viable
applications.
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Influence of V2O5 Content on the SPH and Optical Transmission, Optical Basicity in BaO-

B2O3-V2O5 Glasses
,

,

,
.
xBaO-B2O3-yV2O5 (x=2.0, y=1.0~4.3) glasses were studied by using EPR and optical transmission technique. The values of
spin Hamiltonian parameters (SPH) and bond parameters have been calculated. The values of SPHs indicate that the VO2+ions
in the studied glasses were present in octahedral sites with tetragonal compression. It is observed that the values of SPHs
depend slightly on the V2O5 content introduced in the glasses, resulting in the variation of the local structure of V4+environment. The optical transmission spectra of VO2+ions show two bands corresponding to the transition 2B2g→2B1g and
2B →2E .
2g
g

We also evaluated the values of theoretical optical basicity(Λth).
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Critical Current Measurement of 2G SC Wire in High Magnetic Field
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Development of Readout Electronics for Silicon Photomultiplier.

LEE Jik, JEON JinA, KANG Myung Woo, LEE Hye Young, PARK Il Hung
SungKyunKwan University, Department of Physics.

P3-E068*

Growing of ZnO nanosheets, nanosheets assembled hollow sphere, and hollow hierarchical
aggregates using trisodium citrate-assited in hydrothermal process
KHOA Nguyen Tri, KIM Soon Wook, THUAN Doan Van, YOO Dae-Hwang, HAHN Sung Hong
University of Ulsan, Department of Physics.
We synthesized different structures of ZnO including, nanosheets, nanosheets assembled hollow sphere, and hollow
hierarchical aggregates by controlling concentrations of trisodium citrate in hydrothermal process. The growth mechanism,
optical properties, and photocatalytic performance of samples were investigated. The hydroxyl and carboxyl group in
trisodium citrate attracted Zn2+ precusor and played as a blocking, capping, and orienting group to control the growth direction
of ZnO structure. The formaldehyde gas generated in refluxed process was covered by Zn:citrate to serve as a seed layer on
bubble template. The ZnO nanosheets assembled hollow sphere exhibited the excellent photocatalytic properties due to
the high photon absorbance (spectrophotometry), low deep-level defects (photoluminescene), and high charge transfer
(fluorescence quantum yield). Furthermore, the graphene wrapped ZnO hollow sphere was also investigated, which showed an
excellent enhancement of charge transfer at heterostructure interface.

P3-E069*

Study on MoS2-WSe2 heterostructure

VU Quoc An, LEE Si Young, DUONG Dinh Loc, CHAE Sang Hoon, LEE Young Hee
IBS
.
Graphene has excellent properties, as extremely thin electrical and thermal conductor, high carrier mobility, exceeding 106
cm2V-1s-1 at 2K and exceeding 105 cm2V-1s-1 at room temperature. Hexagoanl boron nitride-hBN is known as an good
insulator material. Another class of 2-D materials that is receiving an increasing amount of scientific attention, is the rich
family of transition metal dichalcogenides (TMDs) comprised of MoS2, WS2, WSe2.... While graphene lacks a bandgap,
several 2D TMDs possess sizable bandgaps around 1–2 eV promising interesting new FET and optoelectronic devices. Here,
we investigate the electrical and optoelectronic properties of MoS2-WSe2 heterostructure. With n-type MoS2 and p-type WSe2,
the combined structure show p-n junction characteristic. Our heterostructure is promising for many applications such as solarcell, photodetector and so on.

P3-E070*

Novel synthesis of Na-doped p-type ZnO by intercalation and fabrication of thickness
controllable n-type ZnO / Na-doped p-type ZnO
,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
Recently, there has been a great interest in developing new generation of materials that exhibit strong potential for photonic
applications. In particular, ZnO has attracted significant attention because of its broad band gap energy of 3.37 eV, an exciton
binding energy of 60 meV and n-type semiconductor property etc. Much effort has been focused on exploring various kinds of
p-type dopants for ZnO. Of them, sodium (Na) has been shown to be a promising p-type dopant for ZnO. Here, we
demonstrate the synthesis of Na-doped p-type ZnO microwires (ZnO MWs) by electrophoresis method. Thickness of Nadoping layer can be controlled as a function of intercalation time. By controlling the intercalation time, n-type ZnO/Na-doped
p-type ZnO core-shell microwires (p-n ZnO MWs) are obtained. High resolution transmission electron microscopy results
indicate the high quality interface between p-type ZnO and n-type ZnO. As a result, as-synthesized p-n ZnO MWs show
typical semiconductor I-V characteristic profile. The present method offers better controllability and reproducibility for
fabricating p-type ZnO layers, which are advantageous for optoelectronic applications.

P3-E071*

Fabrication of diode arrays of ZnO/pGaN on flexible fiber sheet

ABBAS Kaleeem,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
We report on fabrication and electrical characteristics of ZnO/pGaN diode array structure on the flexible fiber sheet. High
quality ZnO nanorods were grown for the fabrication of the diodes using hydrothermal method and pGaN using chemical
vapor deposition method. The structure exhibit high flexibility of fiber sheet with inorganic nanostructures. An n-type contact
made on fiber sheet and a transparent and hole conducting layer of PEDOT:PSS coated on top of diode arrays, to make ptype contact. XRD, SEM & EDS results show good structural quality and IV characterization reveal its diode. This offers a
great potential for flexible, low cost optoelectronics devices.

P3-E072*

SPR Enhanced Superefficient ZnTe/ZnO/Ag Nanoganoderma Structure as a UV-Vis Light

Photocatalyst
YAN Changzeng,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
One-pot growth of ZnTe (p-type)/ZnO (n-type) layer on Ag nanowires was achieved by wet chemistry method. The novel
designed hybrid nanostructure shows excellent full solar spectra photocatalytic property which degrades more than 90%
Toluidine Blue O (TBO) dye within 20 minutes. The surface plasma resonance effect and p-n junction synergistically
contribute to the efficient degradation.

P3-E073*

MoS2 field-effect-transistor using graphene electrode

,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
We have fabricated high performance field effect transistors using only 2D materials, where an exfoliated MoS2 was used as
channel, and CVD grown graphene was used as electrodes. MoS2 is flexible and transparent material. And MoS2 has high
current on/off ratio (higher than 104). But degradation of MoS2 FET device is happened, because of high contact barrier
between metal and MoS2. Our experiments show contact barrier of MoS2 transistor with graphene electrode is lower than
metal electrode. Using graphene electrode, we can reduce contact barrier. And electric, optoelectronic property of MoS2 FET
was enhanced. This result offers a high performance transparent and flexible phototransistor device with MoS2 channel and
graphene electorde

P3-E074*

Various Metal Contacts on Molybdenum Disulfide Thin Film

KIM Jung Ho, LEE Young Hee, LIM Seong Chu
IBS
.
Due to poor on/off ratio of graphene, molybdenum disulfide is highlighted to become an ideal channel material for thin film
electronics. To be used as channel material, it is inevitable to study its behavior with metal contacts. Metal/semiconductor
contacts show various outcomes according to metal work function, semiconductor electron affinity, and Fermi-level pinning.
They result in Ohmic/Schottky contacts as well as different barrier heights which lead to different contact resistance. In this
study, various metal contacts are performed on molybdenum disulfide thin film and its characteristics are studied. It is
expected to be crucial to understand metal/molybdenum disulfide contact characteristics for future applications in thin-film
transistors, optoelectronic devices, and integrated circuits based on two-dimensional layered materials.

P3-E075*

2-D Solid State Hydrogen Molecules in Layered Structure Potassium Intercalated Graphite

Oxide
LEE Tae Hoon, KIM Tae Hyung, LEE Young Hee
IBS
.
We report high hydrogen storage capacity in porous graphite oxide at 5 atm and 300 K. The storage capacity of hydrogen was
determined by quadruple quartz crystal microbalance (QCM) and BET measurement. The hydrogen storage with potassiumdecorated GO reached ~ 2 wt % at 5 atm and 300 K from QCM. BET total surface area (110 m2 g-1), micropore volume (0.03
mL g-1), and mesopore volume (0.4 mL g-1) were confirmed in the bulk state of material. Our potassium decorated porous
graphite oxide has possibility for promising hydrogen storage to meet the U.S Department of Energy target.

P3-E076*

Mechanical Properties Of Suspended H-BN Ribbons

KIM hakseong, YOON Ho-Ang, YOU Young-Gyu, CHOI Doo-Hua, KIM Hyun-Cheol, LEE Han-Byeol, JHANG Sung-Ho,
CHUNG Hyun-Jong, LEE Sang-Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University.
Mechanical resonance behaviors of hexagonal boron nitride(H-BN) ribbon were investigated with length and thickness
variations. H-BNs were prepared by mechanical exfoliation method using 3M scotch tape. To define rectangular shaped H-BN
ribbons, we patterned H-BN flake using E-beam lithography and etched using RIE with mixture gas of CF4 and O2. H-BN
ribbons were transferred on pre-fabricated trench substrate for giving mechanical degree of freedom by micro contact transfer
method. Resonance behaviors for H-BN resonators were measured by optical interferometry technique. In this presentation, we
will introduce mechanical resonance properties of suspended H-BN ribbons.

P3-E077*

Electrical Characterization of Nanoscale Au/TiO2 Schottky Diodes Probed with

Conductive Atomic Force Microscopy
,

,

1,

1

KAIST.
.
Electrical properties of nanoscale Au islands on n-type TiO2, which form a Schottky junction nanodiode, have been
investigated using conductive atomic force microscopy at ultra-high vacuum. The Au islands were formed using colloidal selfassembled patterns on an n-type TiO2 semiconductor film using the Langmuir-Blodgett process. Local conductance
images showing the current flowing through the TiN coated AFM probe to the surface of the Au islands on TiO2 was
simultaneously obtained with topography, while a positive sample bias is applied. The boundary of the Au islands revealed a
higher current flow than that of the inner Au islands in current AFM images, with the forward bias presumably due to the
Fowler-Nordheim tunneling from the diode’s edges under ultra-high vacuum. Characteristics of the nanoscale Schottky contact
were determined by fitting the local current–voltage plot to the thermionic emission equation, which reveals the Schottky
barrier height and the ideality factor of the nanoscale Au islands on n-type TiO2, and were compared with electrical characters
of the conventional macroscale diode. The results suggest that the enhanced portion of the interfacial states and edge effects of
the metal islands play an important role to determine electrical behaviors of nanoscale Schottky diodes.
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Large-area Synthesis of Vertically Oriented Zinc Oxide Hexagonal Nanotube-Rod Hybrids
Applying a Two-Step Growth Method
KIM Sungwoong, LEE Won Woo, KIM Suhan, KIM Seong Been,
PARK Won Il
.
Zn-polar (0001) surfaces are more chemically reactive than other
surfaces of Zinc oxide (ZnO) crystals and lead to preferential anisotropic
and asymmetric growth along the [0001] direction, which promotes
growth of c-axis oriented, one-dimensional ZnO nanostructures.
Therefore, capping the top (0001) surface of ZnO crystals can block caxis growth and thus serve to modulate growth habits. Here we
generated vertically oriented ZnO hexagonal nanotube-rod (h-NTR) hybrids by modulating growth habits during a secondstage process. Electron microscopy studies revealed the formation of very thin (10–20 nm) single-crystalline nanotube walls
along the edges of underlying hexagonal rod tops capped with Si. In addition, spatially resolved investigation of ZnO h-NTR
indicated an abrupt increase in the measured bandgap across rod-tube junctions, which was ascribed to a quantum confinement
effect and Burstein–Moss effect of carriers within the very thin nanotube walls.

P3-E080*

Electrical Resistivity of Bismuth Telluride Nanotubes prepared by Galvanic Displacement
Reaction of Electrodeposited Cobalt Nanowires
,

,
,
.
Co nanowires were electrodeposited by applying constant voltages on porous AAO membranes, of which pore diameter was
controlled by varying anodizing potential and electrolyte. The Co nanowires were converted to bismuth telluride(Bi2Te3)
nanotubes by galvanic displacement reaction. The diameter of Bi2Te3 nanotubes could be controlled by employing various
pore size of AAO template. Electrical resistivity of the Bi2Te3 nanotubes were in the range of 0.48-0.61 Ω·cm depending on
the diameter of the nanotubes.

P3-E081*

Detection of Lateral Spin Transport in Organic Materials using Non-local Geometry

YUN Hoyeol, KIM Dong-Ok1, AHN Kwangseok1, LEE Dong Ryeol1, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University. 1Department of Physics, Soongsil University.
In the field of spintronics, organic semiconductors have been noticed to be a new spin-conducting material because of the
relatively weak spin-orbit interaction by the low atomic number and the lack of hyperfine interaction related with the absence
of 12C nuclear spin. In this work, we tried to detect the lateral spin valve signal from pentacene- and graphene spin devices
using four-terminal non-local geometry measurement. The pentacene spin device was fabricated by the stencil lithography
with PMMA shadow mask. The line-shape of pentacene layer was deposited on SiO2/Si substrate and four ferromagnetic
electrodes were formed on top of the pentacene layer. In case of graphene spin device, the electrodes were deposited on the
mechanically exfoliated monolayer graphene using standard e-beam lithography. To avoid the conductivity mismatch problem,
the thin Al2O3 layer was deposited on graphene layer as a tunnel barrier. The electrode widths and channel lengths of the
devices were designed in sub-micrometer scale taking into account the effective spin injection and spin diffusion length in
organic conducting channel. Finally, the electrical measurement was carried out for detecting bipolar spin signal by switching
the magnetization configuration of electrodes from parallel to anti-parallel in low vacuum condition.

P3-E082*
JIN Hyunwoo, HWANG Inrok, SEO Juhee, CHOI Jaemin, KIM Changyoung1, LEE Suyoun, PARK Baeho2
Korea Institute of Science and Technology (KIST). 1Department of Physics, Yonsei University. 2Department of Physics,
Konkuk University.

P3-E083*

Structure, ferroelectric properties, and magnetic properties of Ho and Ni co-doped BiFeO3

ceramics
HWANG J.S., YOO Y. J., PARK J. S.1, KANG J.-H.2, LEE K. H.3, LEE B. W.3, KIM K. W.4, LEE Y. P.
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. 4Dept. of Information Display, Sunmoon University, Asan
336-708.
Multiferroic materials have simultaneous ferroelectric and magnetic orders, which enables coupling interaction between
them. These materials offer wide range of potential applications such as data storage, spintronic devices and sensors, in which
both electronic and magnetic polarizations can be coupled. As a strong candidate for the applications among the limited list of
single-phase multiferroic materials, BiFeO3 has attracted huge attention due to its multiferroic properties at room temperature.
However, BiFeO3 is well-known to have large leakage current and small spontaneous polarization due to existence of the
oxygen vacancies and other defects. Furthermore, the magnetic moment of pure BiFeO3 is very weak owing to its
antiferromagnetic nature. Recently, various attempts have been performed to improve the multiferroic properties of BiFeO3
through the co-doping at the A and the B sites, by making uses of the fact that the intrinsic polarization and magnetization are
associated with the lone pair of Bi3+ ions at the A sites and the partially-filled 3d orbitals of Fe3+ ions at the B sites,
respectively. In this study, BiFeO3, Bi0.9Ho0.1FeO3, BiFe0.97Ni0.03O3 and Bi0.9Ho0.1Fe0.97Ni0.03O3 bulk compounds were
prepared by solid-state reaction and rapid sintering. High-purity Bi2O3, Ho2O3, Fe2O3 and NiO2 powders with the
stoichiometric proportions were mixed, and calcined at 500 oC for 24 h to produce the samples. The samples were immediately
put into an oven, which were 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 and temperaturedependent magnetization measurements were performed with vibrating-sample magnetometer and superconducting quantum–
interference device. The electric properties were measured at room temperature by using a standard ferroelectric tester
(RT66B, Radiant Technologies). * This was supported by the MSIP, Korea under KCA-2013-005-038-001.
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The Stability of Pt skin Layer of Pt3Ni(111) Surface Under Oxygen Pressure
1,
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The stability of Pt skin layer on Pt3Ni(111) surface under elevated oxygen pressure has been investigated with ambient
pressure XPS.The Pt skin layer remains stable when the oxygen pressure was increased to 10-6 Torr at room temperature. As
the pressure of oxygen increase to 100mTorr, Ni atoms start to segregates to the surface and form Ni2O3. At 200oC, NiO2
oxide starts to form on the surface. The chemical reactivity of these two oxides turns out to be not reactive during the CO
oxidation, indicating the interfacial component of Pt oxide is more chemically reactive.

P3-E086*

Surface grating of organic Thin films, using Ultrafast-laser

LEE Si Woo, CHAE Sang Min, JO Kuk Hyun, KIM Yong Hyun1, CHOI Ji Yeon1
Department of Organic Material Science and Engineering, Pusan National University, Busan 609-755, Korea. 1Korea
Institute of Machinery and Materials, 104 Sinseongno, Yuseong-Gu, Daejeon 305-343, Korea.
A micron-sized grating structures were fabricated on the Poly (3, 4-ethylenedioxythiophene)–polystyrene sulfonic acid
(PEDOT:PSS) and poly (3-hexylthiophene)(P3HT): phenyl-C61-butyric acid methyl ester (PCBM) (P3HT:PCBM) films by Ti:
sapphire-fiber femto-second laser irradiation. In case of P3HT:PCBM films, the ablation and the expansion were
simultaneously occurred during a progress forming grating structures. However, the expansion was more dominant in the
PEDOT:PSS in comparison with P3HT:PCBM. The detail analysis about the ablation and the expansion were studied by
AFM , x-ray, etc.

P3-E087*

Nucleation and Coalescence Characteristics of (103)-oriented GaN Domains Grown on mplane Sapphire Substrate
,

,
,
,
,
.
c-oriented GaN has been widely used for optoelectronic device fabrication, but it is known to experience degraded quantum
efficiency due to quantum confined Stark effect. Unlike c-oriented GaN, however, semipolar (103)-oriented GaN shows less
quantum confined Stark effect. In this work, nucleation and coalescence characteristics of (103)-oriented GaN domains were
investigated with help of computational simulation based on a level set method.

P3-E088*

Coalescence Effect on the In-plane Polarity Alignment of m-oriented GaN Domains on
Patterned m-plane Sapphire Substrate
,

,
,
,
,
.
-Nitrides have attracted much attention owing to commercialization and application of nitride-based devices such as blue
and ultraviolet optoelectronics. In many properties of -Nitrides, the polarity of GaN films influences on doping efficiency
and luminescent characteristics. In this work, effect of domain coalescence of m-oriented GaN domains on the alignment of inplane polarity was investigated. Computational simulation based on a level set method successfully reproduced experimental
results.

P3-E089

Interface and surface characterization of polymer light emitting devices

SECK Ngor Mbaye, KIM Ajeong, KANG Jinback, AHN Gukil, CARNIS Jerome, CHA Wonseok, SHIN Taejoo1, KIM
Jinwoo1, KIM Kijun2, KIM Kijeong1, KIM Hyung jun
Sogang University, Department of Physics. 1Pohang Light source, Pohang Acererator Laboratory. 2Sogang University,
Department of Biomolecular engineering.
Polymer light emitting devices (PLEDs) are considered as one of the promising candidates for full color; cheap and flexible
displays which are easy to process compared to OLEDs and require little power to emit a substantial amount of light. In this
work we studied the degradation mechanism of PLEDs (in single and multilayer structure) by X-ray reflectivity (XRR),
grazing incident wide angle x-ray scattering (GIWAXS) and X-ray photoemission spectroscopy (XPS). Surface roughness of
F8BT in single and bilayer structure with PEDOT: PSS increases as a function of annealing temperature of F8BT. Different
degrees of samples crystallinity and various unit cell parameters as a function of annealing temperature of F8BT were found.
In order to understand the degradation mechanism process of PEDOT: PSS layer induced by oxygen and indium interdiffusion on ITO substrate, XPS measurement were carried out on ITO surface properties and thermal annealing effect. XPS
data show several kinds of degradation mechanism depending on the method of treatment of the ITO surface.

P3-E090
,

Micro-Prism-Embedded Microfluidics For High-Speed 3D MicroPTV

,
,
.
3D imaging techniques such as confocal microscopy and holographic
imaging have been used to acquire 3D information for microfluidic flow
fields and particle motions, however these methods require expensive
and complex optical setups. To address this issue, we developed a
prism-mirror-embedded microfluidic device that provides simultaneous
imaging of the top and side view of the microchannel: the micro prism
mirror was made by conventional microfabrication techniques including
soft lithography and Si wet etching. Surfaces of fabricated micro mirrors
provide superior optical propterties: optically smooth with RMS roughness 4.9 nm and 80% reflectance over the entire visible
spectral range. The mirrors were fabricated with precisely 45° reflection angle originated from crystalline structure of Si
wafers. Small size of prism and integration flexibility can enable diverse applications. We demonstrated high-speed
3D measurement of patcle positions with inertial migration of microparticles.

P3-E091

Skull Measurement Approach in Dose Calculations for Gamma Knife Perfexion

LIM SA HOE, JUNG SHIN, KIM IN YOUNG, MOON KYUNG SUB, JUNG TAE YOUNG, JANG WOO YOUL, PARK
SEUNG JIN
Chonnam Natioanl University Hwasun Hospital, Neurosurgery.
The Leksell Gamma Knife is stereotactic radiosurgery system for non-invasive treatment of patients with brain lesions. In
Leksell Gamma Knife treatment planning, manual skull measurement by using the scaling instrument provides an optimal
approach for defining patient’s head shape, which is essential for dose computations, shot clearance computations and 3Dmodeling of the skull. However, for the inferior portion of the skull, the skull model measured by this approach may vary from
actual skull due to the limited number of measurement point of the skull scaling instrument. The effect of the skull model
discrepancies needs to be investigated in dose calculations. To remove primary factors causing measurement errors that may
occur in the skull measurement approach and to characterize the skull model, by using the Leksell Gamma Knife Dosimetry
Phantom, the variation of dose computation according to skull modeling approach was simulated and its result was discussed
in this study.
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The Effect of Ethanol Solvent on ZnO Rod Structure in Hydrothermal Process
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Optical and Photocatalytic Properties of Doped-Like of Pt on ZnO Nanorod

THUAN van doan, KHOA Nguyen Tri, YOO Dae-Hwang, HAHN sung hong
university of Ulsan.
We synthesized the hybrid structure of Pt nanoparticles decorated ZnO nanorods by using poly-L-lysine (PLL) as a linker
agent. The surface of ZnO NRs is functionalized with a linking group of PLL in the immersion process. The carboxyl groups
and amino groups in PLL play an important role in evenly decorating ZnO NRs with Pt nanoparticles. The PLL-mediated
formation of Pt/ZnO hybrid obtained the uniform particles dispersion and steady distribution of Pt nanoparticles on ZnO
surface. By increasing of annealed temperature, the Pt nanoparticles may stronger diffusion into ZnO crystallization, which
resulted the red shift of absorbance edge (spectrophotometer) and emission band (photoluminescene) to perform the doped-like
properties of Pt nanoparticles on ZnO nanorod. The PLL-mediated synthesis of Pt/ZnO exhibited excellent cyclic
photocatalytic properties in degradation of methylene blue under black light irradiation.
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High Lithium Ion Battery Performance of Mesoporous Anatase TiO2 spheres/ Multiwall

Carbon Nanotubes Composite by a Combined Sol–gel and Solvothermal Method
NGUYEN Thi Hong Trang, LINGAPPAN Niranjanmurthi, ALI Zahid
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
Mesoporous anatase TiO2 has long been targeted for various applications, particularly in high-performance lithium ion
batteries largely because mesopores facilitate the rapid diffusion of ions and molecules within the bulk material. Herein, we
report mesoporous TiO2 microspheres/multi carbon nanotube (MTO/MWCNT) composite synthesized via a combined sol–gel
and solvothermal method exhibiting excellent Li-ion insertion–extraction properties. The specific capacity of MTO/MWCNT
was significantly higher than that of TiO2 microspheres at all charge–discharge rates. The superior performance offered by
MTO/MWCNT may be attributed to enhanced electrical and ionic conductivity, which was achieved by the great nature of
MWCNT as well as avoiding the aggregate between TiO2 spheres, may provide more open channels for lithium intercalation.
MTO/MWCNT showed more than an 90% capacity retention after 100 cycles at a charge–discharge rate of 1 C, which arise
from the improvement of adhesion between material and current collector and stability of whole structure due to the present of
MWCNT. Our results demonstrating MTO/MWCNT can be a promising approach for the development of high-performance
Li ion batteries.

P3-E096

Synthesis of Porous C-Fe(

) Co-doped TiO2 Through a Facile Sol-gel Method and Its

Photocatalytic property
HE Wen,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
A series of C-Fe( ) co-doped porous TiO2 (See Figure.1 a & b) were synthesized by a facile sol-gel method, where glucose
and iron nitrate were used as carbon-doping and iron-doping source respectively. The crystal structure, morphology, and
surface area were characterized by x-ray diffraction, scanning electron microscopy, and Brunauer-Emmett-Teller
measurements. The effects of C, Fe( ) dopants and temperature on the photocatalytic property were carefully investigated.
This work may offer a convenient route to produce a promising functional material possessing a ultra-large surface area,
narrow band gap and enhanced photocatalytic properties.

P3-E097

TiO2/ZnO composite structure fabricated by electrohydrodynamic lithography for
photocatalytic application
,
,
Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea.
Electrohydrodynamic lithography (EHL) is a non-conventional pattern transfer technique which can fabricate inorganic
structure directly. TiO2 pillar structure with controlled density can be easily fabricated by this technique without patterned
stamp or mask. We utilize this advantage for fabricating TiO2/ZnO composite structure by coating a ZnO precursor film over
TiO2 structure. This structure shows improved photocatalytic behavior due to reduced recombination rate and optimized TiO2
pillar density for photocatalytic effect is investigated.
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,

Organic-residue-free Selective Growth of Graphene on a Cu Foil
,

,
.
Fabrication of patterned graphene is a prerequisite for graphene-based device application. Previous approaches of either postgrowth lithography or catalyst-patterned growth resulted in deteriorated characteristics of graphene due to residual organic
materials and dangling bonds caused by plasma treatment during lithography. Here we report organic-residue-free selective
growthe of graphene on a Cu foil. This novel growth technique provided a new knob to a selective growth of graphene without
organic residues due to a conventional catalyst-patterned growth and damage due to a post-growth lithography.

P4-E100

Analog Resistive Switching Characteristics of Maghemite Nanoparticles

SONG Woo Jin, BAEK Yoon-Jae1, ABBAS Yawar, YOON Tae-Sik1, CHOI Young Jin, KANG Chi Jung
Department of Physics, Myongji University, Gyeonggido 449-728, South Korea. 1Department of Materials Science and
Engineering, Myongji University, Gyeonggi-do 449-728, South Korea.
The bipolar and analog resistive switching behaviors of maghemite(γ-Fe2O3) nanoparticles were intensively investigated.
Reportedly iron oxide nanoparticle assembly showed analog resistive switching characteristics with Pt electrodes [1]. The
analog switching in the Metal-Insulator-Metal(MIM) devices is required for the artificial neuromorphic system [2]. In this
study, for further understandings of analog switching, electrode dependence of γ-Fe2O3 nanoparticle assembly is
analyzed. We used several metals, such as Pt, Ag, Au as top electrodes. γ-Fe2O3 nanoparticles are chemically synthesized with
the size of ~10nm. The resistance is further reduced gradually with repeating negative bias voltage sweeps and increased
gradually with repeating positive bias voltage sweeps.*References[1] J. D. Kim, Y. J. Baek, Y. J. Choi, C. J Kang, H. H. Lee,
H. -M. Kim, K. B. Kim, and T. -S. Yoon, Journal of Applied Physics 114, 224505 (2013)[2] D. B. Strukov, G. S. Snider, D. R.
Stewart, and R. S. Williams, Nature 453, 80 (2008).

P4-E101

Magnetoresistance of multi-layer Molybdenum disulfide

BAEK SEUNG JAE, PARK MIN, HONG SUNG JU1, KIM Kyungho1, KANG Hojin1, PARK Yung Woo1
Seoul National University, Department of Nanoscience and Technology. 1Seoul National University, Department of Physics
and Astronomy.
Investigations of molybdenum disulfide (MoS2) have been increasingly required to understand their fundamental properties.
However the magneto transport properties of MoS2 have not been intensively studied. Here, we have measured magneto
conductance (MC) of MoS2 in low temperature and high magnetic field up to 35 T as a function of electric field. Interestingly
the MC is diminished as increase electric field.

P4-E102

The effect of oxygen functional groups on the electrical transport behavior of a single piece
multi-layered graphene oxide
BAEK seungjae, HONG Won G.1, MIN Park, KAISER Alan B.2, KIM Hae Jin1, KIM Byung Hoon3, PARK Yung Woo
Seoul National University. 1Korea Basic Science Institute. 2Victoria University of Wellington. 3Incheon National University.
To investigate the electronic transport mechanisms in multi-layered graphene oxide (MGO), the temperature-dependent
electrical conductivity (σ(T)) has been measured as a function of the annealing temperature (Ta). An individual MGO flake
was gradually reduced by thermal annealing at Ta from 88 to 300 °C, with the reduction process confirmed at each stage by Xray photoelectron spectroscopy. As Ta increases, the σ(T) of the MGO also increases. We found that the σ(T) is well
interpreted by variable-range hopping in disordered regions in series through activated conduction across small barriers. We
associate the localized states for hopping with the oxygen functional groups in GO, as well as the small activation barriers with
the domain boundaries between the clustered oxygen functional groups and the graphitic region. Both the hopping and
activation barrier resistances decrease systematically as the Ta increases.

P4-E103
LIU Chunli,

Wurtzite ZnS:Mg Hierarchical Spheres with Tunable Blue-Green Emission
,

.
We report the preparation of Mg doped ZnS hierarchical spheres synthesized via hydrothermal method using mixed solvents
of ethylenediamine and DI water. Scanning electron microscopy revealed that ZnS:Mg nanoparticles were of spherical shape
that consisted of many well-aligned nanosheets with 100 nm in width and about 300 nm in length. The utilization of
ethylenediamine in the reaction solution induced the formation of wurtzite ZnS:Mg with high crystallinity. Diffuse reflection
spectra showed that the band gap energy increased from 3.28 to 3.47 eV with the increase of Mg concentration. Blue-green
photoluminescence with tunable intensity and peak position was observed with Mg doping. The Mg2+ activated ZnS phosphor
may be good candidates for blue-green components in near UV white LEDs.

P4-E104

A Preliminary Study on Pb2+ Ion as Site Probe in SrAl2O4 phosphor

JEONG Jung Hyun, WANG Lili, NOH Hyeon Mi, SHI Jinsheng1
Department of Physics, Pukyong National University. 1Department of Chemistry and Pharmaceutical Science, Qingdao
Agricultural University.
Site occupation in SrAl2O4 was probed just by doping Pb2+ ion, and a new route to investigate site occupation in
luminescence materials was put forward. SrAl2O4:Pb2+ samples obtained through sol-gel method were investigated and its
excitation spectrum had two bands at lower temperatures. These two bands are closely related to two Sr sites. Environment
factor he of two Sr sites were calculated and the energy EA of Pb2+ were obtained making use of our pre-bulit empitical
formula, i.e. EA = 7.223-3.271he. It was concluded that the excitation band peaking at 253 nm is from Sr(1) site and the
excitation band peaking at 264 nm Sr(2) site. There is one possibility that using Pb2+ ion as site probe in SrAl2O4 host or other
host materials.

P4-E105

Luminescent properties of novel perovskite SrLaMgTaO6:Sm3+ phosphor for white light-

emitting diodes
JEONG Jung Hyun, GUO Yue, NOH Hyeon Mi, MOON Byung Kee
Department of Physics, Pukyong National University.
Rare-earth (RE) ions are characterized by a partially filled 4f shell, which is well shielded by 5s2 and 5p6 orbitals in a host.
Therefore, emission transitions yield sharp lines in the spectra. RE-doped inorganic compounds have attracted great research
interesting the past years because of the excellent luminescence properties.In this study, a series of Sm3+-doped perovskite
phosphors of SrLaEuMgTaO6were synthesized from a solid-state reaction.The X-ray powder diffraction XRD ,
photoluminescence excitation, emission spectra, concentration quenching, and luminescence decay curves and lifetime were
applied to characterize the samples.The CIE chromaticity coordinates of the phosphors were located in the red region. So the
phosphors may be potentially used for white light-emitting diodes.

P4-E106

Structure and up-conversion photoluminescence of lanthanide-doped yttrium fluoride

nanoparticles
JEONG Jung Hyun, OH Ju Hyun, MOON Byung Kee, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
Recently, luminescent nanomaterials have attracted much attention due to their potential application in various fields, such as
medical and biological labels, solar cell, and color displays. NIR-to-visible up-conversion nanophosphors have much
advantage with high chemical stability, low toxicity.In the study, we report the lanthanide-doped yttrium fluoride
nanophosphors, which were synthesized by a method of oleic acid assisted hydrothermal route. The oleic acid have an effect
on the size of phosphor. The synthesized phosphors characterized by X-ray powder diffraction (XRD) using a Philips
X’pert/MPD diffraction system with Cu Kɑ1 radiation (λ = 1.54056 Å). The surface of the powder was examined through
field-emission scanning electron microscopy (FE-SEM, JEOL JSM-6700). The UC photoluminescence (UCPL) spectrum was
measured by using a 975nm laser diode.

P4-E107

Preparation and luminescence property of blue emitting phosphor CaAl2Si2O8:Eu2+

JEONG Jung Hyun, KWON Sook Hyun, MOON Byung Kee, CHOI Byung Chun
Department of Physics, Pukyong National University.
Recently, the alkaline earth feldspars of MAl2Si2O8 (M = Ca, Sr, Ba) phosphor have drawn much attention for their excellent
luminescence properties. In alkaline earth feldspars, the framework structures are formed from an array of interlinked cornersharing SiO4, AlO4 tetrahedra, with Al charge-compensating cations Ca, Sr, Ba occupying the large cavities with in the
structure. These systems are underpinned by significant theoretical understanding, due to their commercial significance in the
electronics and chemical industries. A solid solution series of isostructural members with slightly different sized cations as
hosts, would be an ideal system to study the effect of crystal chemical variation on the luminescence of Eu2+ ions. Moreover, it
offers the possibilities in finding the useful Eu2+ doped MAl2Si2O8 phosphors for commercial applications.It is well known
that Eu2+ have been widely used as activators in phosphor materials. Much attention has been paid to the luminescent
properties of Eu2+ ions in various matrix compounds and the reduction processes of Eu3+ to Eu2+ in phosphor preparations.
The Eu2+ ions show broad emission bands ranging from UV to red spectral region arising from interconfigurational 4f6 5d1 –
4f7 allowed transition. This is strongly dependent on the crystal fields of the host lattices since 5d orbitals are more sensitive to
the ligand field. Accordingly, the Eu2+ becomes a very useful activator in phosphors for applications in displays, lamps and
luminescent paintings. In this study, Eu2+ doped CaAl2Si2O8 phosphors were prepared by mean of solid state reaction method.
The structural and luminescence properties of CaAl2Si2O8:Eu2+ phosphors have been confirmed by the measurements of their
X-ray diffraction (XRD) and photo luminescence (PL).

P4-E108

Effect of Eu3+/Tb3+ concentration on the luminescence properties of CaMoO4:Eu3+/Tb3+

phosphor for white LEDs application
JEONG Jung Hyun, KIM Eun Ock, MOON Byung Kee, CHOI Byung Chun
Department of Physics, Pukyong National University.
The tricolor phosphors for WLEDs have attracted much attention in recent years. The main red-emitting phosphor for UV
LED (Y2O2S:Eu3+) have limitations in terms of low brightness and chemical instability. Also common commercial green
phosphors are faced serious problems of stability and efficiency. Therefore, new green and red phosphors of produce of
improved stability and efficiency are needed urgently. The crystal structure of CaMoO4 has good thermal stability and
chemical stability, and it is also good host for luminescent metals under UV and X-ray excitation due to its luminescent centerMoO4 tetrahedron unit.In this study, Eu3+, Tb3+ co-doped CaMoO4 phosphor was synthesized by sol-gel method. X-ray
diffraction (XRD), field emission scanning electron microscope (FE-SEM) and photoluminescence excitation and emission
spectra were used to characterize the resulting samples. XRD pattern confirms that the CaMoO4 powders were well indexed to
tetragonal crystal structure (JCPDS card No. 07-0212). By controlling the doping concentration, the luminescent color could
be modified within the whole visible spectrum.
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Yttrium aluminum garnet(Y3Al5O12, YAG) has been intensely studied and widely used as a host for luminescent materials in
the past decades because of its good chemical and thermal stability, high mechanical strength and excellent optical properties.
Recently, Ce3+-doped YAG was exploited as an excellent phosphor applied in light-emitting diodes(LEDs)[1]. Recently,
improvement of internal quantum efficiency and light extraction of InGaN LEDs resulted in record luminous efficiencies of
white LEDs far beyond 100 lm/W[2]. However, such white LEDs still encounter the following problems: low color-rendering
index, low color reproducibility, and high color temperature [3]. To resolve these problems, use of green and red phosphors
instead of a yellow phosphor has been proposed [4].The preparation of the cerium and europium co-doped YAG materials as
well as the study for their synthesis and emitting mechanism of the energy transfer between Ce3+ and Eu3+ were investigated in
the present study. YAG:Ce3+, Eu3+ powders were synthesized using a high-energy ball milling method in different sintering
temperature and atmosphere: air and H2/N2. The effects of the synthesis procedure on the crystallinity, morphology, structure,
and luminescence spectra were examined by X-ray diffraction, field emission-scanning electron microscopy, and
photoluminescence spectroscopy. The europium co-doped YAG:Ce3+ phosphors is improved the chromaticity coordinates. [1]
P. Schlotter, R. Schmidt, J. Schnerder, Appl. Phys. A 64, 417-418 (1997).[2] Y. Narukawa, M. Sano, M. Ichikawa, S. Minato,
T. Sakamoto, T. Yamada, T. Mukai, Jpn. J. Appl. Phys. 46, L963 (2007).[3] S. Neeraj, N. Kijima, A. K. Cheetham, Chem.
Phys. Lett. 387, 2–6 (2004).[4] Y. D. Huh, J. H. Shim, Y. Kim, Y. R. Do, J. Electrochem. Soc. 150, H57 (2003).

P4-E110

Photoluminescence properties of CaGd4O7:Eu3+ phosphors prepared by solvothermal

method
JEONG Jung Hyun, SEO Yeon Woo, MOON Byung Kee, CHOI Byung Chun
Department of Physics, Pukyong National University.
White light-emitting diodes (WLEDs) are considered as the third generation lighting sources due to their low electric
consumption, high brightness, long working lifetime, environment friendliness and high efficiency. Currently, the commercial
white LEDs are mainly fabricated by combining a blue emitting LED with a yellow emitting YAG:Ce3+ phosphor. However,
such a combination exhibits a low color rendering index (<80) due to the lack of a red light component (above 600 nm). This
problem can be solved by using near- UV LED chip (370-400 nm) coated with red, green and blue phosphors. The
commercially used red- emitting phosphor for such application is Y2O2S:Eu3+.However, Y2O2S:Eu3+ has low efficiency, short
working lifetime under UV light excitation, and air sensitive. Therefore, it is important to research new red phosphors with
high luminescence intensity and chemical stability. In this study, Eu3+ doped CaGd4O7 phosphors were prepared by a
solvothermal method. The structural and luminescent properties of the phosphors were investigated by X-ray diffraction
(XRD), field-emission scanning electron microscopy (FE-SEM), and photoluminescence (PL) excitation and emission spectra.
Fig. 1 shows the XRD pattern of CaGd4O7:Eu3+ phosphor after annealing at 1400°C for 3h. The XRD study confirms that the
structure of the system is monoclinic phase (JCPDS 72-2492). The photoluminescence excitation (PLE) spectra of
CaGd4O7:Eu3+ showed the charge transfer band (CTB) and intense f-f transitions of Eu3+ and Gd3+. The photoluminescence
(PL) spectra exhibit red emissions due to 5D0 → 7F0, 5D0 → 7F1, 5D0 → 7F2 transitions of Eu3+ ions.
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Na3Gd(VO4)2:Tm , Yb powder was synthesized by a high-energy ball milling (HEB). The X-ray diffraction patterns
confirmed the Na3Gd(VO4)2:Tm3+, Yb3+ powder phosphors to have an tetragonal structure. The luminescent properties have
been carried out by the measurement of their emission spectra and pump power dependence. The spectrum consisted of 1G4
→ 3H6, weak 1G4 → 3F4, and intense 3H4 → 3H6 transition bands within the f12 configuration of Tm3+, together with the 2F5/2
→ 2F7/2 transition of Yb3+. Up-converted emission of the Na3Gd(VO4)2:Tm3+, Yb3+ powders were observed under laser diode
excitation of 975 nm. The PL intensity of the Na3Gd(VO4)2:Tm3+, Yb3+ powders sintered at 600 oC were higher than those of
all Na3Gd(VO4)2:Tm3+, Yb3+ powder samples examined. The energy transition probability of Na3Gd(VO4)2:Tm3+, Yb3+
powders sintered at 600 oC are higher than those of all powders. The high-energy ball milling is simple and provides improved
crystallinity of the host.
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Toward A Gate Controllable Lateral Organic Spin Valve

YOO Jung-Woo, JO Junhyeon, JIN Mi-jin, PARK Jungmin, MODEPALL Vijayakumar
UNIST.
Recently, spintronic applications of organic materials have received growing attentions. Although significant improvements
have been made on magnetoresistance (MR) of a vertical organic spin valve, no study has dealt with a gate-field effect in a
lateral device configuration. Here, we aim to implement the gate field effect in a spin valve based on an organic
semiconducting channel in a lateral structure. Our lateral spin valve device consists of cobalt and iron electrodes with 500 nm
gap and 100 μm width patterned by electron beam lithography. P3HT (poly-3-hexylthiophene), a well-known organic material
with semiconducting behaviors was employed as the spin transporting semiconducting channel. At the interface between the
electrodes and P3HT, 2 nm of aluminum dioxide (Al2O3) layer was inserted as a tunnel barrier in order to improve spin
selective tunneling at the metal/organic interface. The addition of Al2O3 for tunnel barrier significantly improves field-effect
behaviors in our device. Further study on the gate-field dependent MR will be presented. This work was supported by a grant
from (Future Challenge Project or Creativity and Innovation Project) funded by the Ulsan National Institute of Science and
Technology and Basic Science Research Program through the National Research Foundation of Korea (No. 2011-0014651)

P4-E114

Study on Reactivity of Sulfur with Cu, Zn, and Sn using Co-Sputtered Cu(Zn,Sn)

Precursor
KIM Chan, HONG Sungwook1
Department of Physics, Kyungpook National University. 1Division of Science Education, Daegu Univesity.
Cu2ZnSnS4 (CZTS) film was formed by the sulfurization of amorphous Cu(Zn,Sn) presucsor films. The amorphous Cu
(Zn,Sn) precursor films were deposited on Mo coated soda-lime glass by co-sputtering with single targets of copper(Cu), zinc
(Zn), and tin(Sn), respectively. The sulfurization was performed in evacuated and sealed quartz ampoules as a function of
sulfur content. The crystallization and composition according to the depth of the CZTS films were investigated by X-ray
diffraction and energy dispersive spectroscopy as a function of the sulfur content. Therefore, we should optimize the
sulfurization condition of the Cu(Zn,Sn) precursor film for fabrication of absorber layer on CZTS solar cells.

P4-E115

Effect of Oxygen Pressure on Properties of VO2 Films Deposited by Pulsed Laser

Deposition Method
KIM Hyun-Tak, SLUSAR Tetiana, KIM Sung-Soo, CHO Jin-Cheol
ETRI MIT Creative Research Center.
Vanadium dioxide (VO2) is a strongly correlated material with the first-order metal-insulator transition (MIT) observed near
room temperature in bulk and thin film samples. MIT in VO2 is accompanied by “jump” in the resistivity of several orders of
magnitude. Because of the remarkable properties, this “smart” material is very attractive for technological application (sensors,
switchers, transistors etc.). To take advantage of the huge potential of VO2 we have to fully understand its properties and their
dependence on different conditions in order to get high-quality thin films. The most crucial for the latter is fabrication process
of VO2 films.In this work we have studied the properties of nanosized VO2 films deposited on sapphire substrates (a-, c-, mand r-plane) by pulse-laser deposition (PLD) method. In particular, the influence of oxygen partial pressure on the MIT and
surface morphology was investigated. It was shown, that increasing oxygen pressure it is possible to get sharp temperature
triggered resistance “jump” of four-five orders. Also in case of high oxygen pressure (~ 40 mTorr) some peculiarities in
resistance behavior appear. They were additionally investigated and explained.

P4-E116

Monoclinic to tetragonal phase transition in ion-irradiated ZrO2 thin films: Structural and

electronic structure study
SHARMA Aditya, VARSHNEY Mayora, SHIN Hyun-Joon, KUMAR Yogesh, GAUTAM Sanjeev1, CHAE Keun Hwa1
Pohang Accelerator Laboratory, POSTECH. 1Korea Institute of Science and Technology, Advanced Analysis Center.
ZrO2 thin films were deposited on Si (100) substrates using pulsed laser deposition. Swift heavy ion irradiation experiments,
with different ion fluence, were performed using 200 MeV Ag-ion beam. X-ray diffraction, Raman spectroscopy and O K –
edge X-ray absorption spectroscopy measurements confirmed the dissolution of monoclinic phase and fruition of tetragonal
phase of ZrO2 with the increase of ion fluence. The mechanism of such structural evolutions is briefly discussed in light of ionirradiation induced local temperature rising, overlapping of latent tracks and energy loss processes.
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Combined ZnO/SnO2 double-layered resistive memory

JUNG Ranju, CHOI Jinsung, SONG Hyuncheol, NAM Junkyu, KIM Yunki
Kwangwoon University.
The resistive switching memory (RRAM) has been applied to the crossbar array structure for high integration, but sneak paths
were known as an inherent disadvantage for it. To resolve that problem a complementary resistance switching (CRS) device
has been suggested, which combines two bipolar RRAMs anti-serially to exhibit the same high resistance independent of each
resistance state of RRAMs. We have deposited the ZnO/SnO2 double-layered thin films on Pt substrate by pulsed laser
deposition, and patterned top electrode was deposited by sputtering method with Pt having common bottom electrode. Each
ZnO/SnO2 double-layered memory cell showed bipolar resistance switching behavior. We have investigated the CRS behavior
by applying voltage difference between two top electrodes.
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VO2-based Metal-Insulator Transition Critical-Temperature Sensor

JUNG Sun-Kyu, CHO Jin-Cheol, KIM Hyun-Tak
ETRI, MIT Creative research center.
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Tunnel Diode Oscillator for AC Impedance Measurement

KAIST.
We would like to use a tunnel diode oscillator (TDO) to study electromagnetic response of a superconducting thin film. Highly
sensitive tunnel diode oscillators allow us to detect extremely small changes in electromagnetic properties such as dielectric
constant [1], ac magnetic susceptibility [2] and penetration depth [3]. A tunnel diode oscillator is a self-resonant oscillator of
which the resonance frequency is primarily determined by its capacitance and inductance. The change in the impedance of the
sample electromagnetically coupled to one, LP, of the inductors in the resonator alters impedance of the inductor, and leads to
the shift in the resonance frequency and the change of the amplitude. The amplitude of the resonant current depends on the
quality factor and the ratio, x, of the inductance, LT, parallel to the capacitor to the total inductance, L=LP+LT on the resonator.
We investigate the x-dependence of the amplitude at various temperatures, from which ultimately the resonant current in the
sample is to be controlled.[1] C. Boghosian, H. Meyer, J.E. Rivers, “Density, Coefficient of Thermal Expansion, and Entropy
of Compression of Liquid Helium-3 under Pressure below 1.2°K”, Phys. Rev 146, 110 (1966).[2] B. Dalrymple and D. Prober,
Radio‐frequency susceptibility apparatus for measuring small superconducting samples”, Rev. Sci. Instrum 55, 958 (1984).
[3] R. Prozorov, R. W. Giannetta, P. Fournier, and R. L. Greene, “Evidence for Nodal Quasiparticles in Electron-Doped
Cuprates from Penetration Depth Measurements”, Phys. Rev. Lett. 85, 3700 (2000).

FG-01

Brownian Particle Under A Dragged Harmonic Potential

NOH Jae Dong, PARK Jong-Min
University of Seoul, physics.
Fluctuations of heat dissipated by a Brownian particle under a dragged harmonic potential are studied using an overdamped
Langevin dynamics. In the early study, van Zon and Cohen[Phys. Rev. Lett. 91, 110601 (2003)] showed that the heat in this
system do not satisfy the fluctuation theorem. We study the correlation between the heat and the system energy change by
calculating the large deviation function of the joint probability density function. The result, which is consistent with previous
result, shows how the correlation contributes to the breakdown of the fluctuation theorem for heat.

FG-02

Integral Fluctuation Theorem for Hidden Entropy Production

BAEK Yongjoo, HA Meesoon1, JEONG Hawoong2, PARK Hyunggyu3
Natural Science Research Institute, KAIST. 1Department of Physics Education, Chosun University. 2Department of Physics,
KAIST. 3School of Physics, KIAS.
Recently, Kawaguchi and Nakayama [Phys. Rev. E {\bf 88}, 022147 (2013)] claimed that the hidden entropy production
associated with a coarse-graining procedure obeys the integral fluctuation theorem (IFT) only if the original process does
not involve any odd-parity variable that changes its sign under time reversal. In this study, we show that this IFT holds in
general, regardless of the presence of odd-parity variables. The discrepancy comes from their erroneous choice of the
initial condition for the time-reverse process.

FG-03*

Entropy production in systems with slow and fast variables

NOH Jae Dong, CHUN Hyun-Myung
University of Seoul.
There have been several attempts to calculate analytically the entropy production during a physical process in the framework
of stochastic thermodynamics. We study a linear harmonic chain of particles that is in a contact with two different heat
reservoirs at either ends. When the inter-particle coupling constant is large enough, the relative coordinates become fast
variables while the center of mass coordinate becomes a slow variable. We calculate the entropy production in this system with
the focus on the role of the fast variables. We find that the contribution of the fast variables is so crucial that they cannot be
ignored even in the infinitely-stiff coupling limit.

FG-04

Decomposition of Lippmann-Schwinger solution set and complex eigenstates

KIM Sungyun
.
We consider complex spectrum of unstable model Hamiltonian and its
physically meaningful regions.
Starting from a simple model of a discrete state interacting with
continuum via a general potential, we show that its LippmannSchwinger
solution set can be decomposed into a free-field set, a set containing
lower half plane pole of Green's function and a set containing upper half
pole of Green's function. From here two distinctive complex eigenstates
corresponding to each pole are constructed. We note that on the real line
square integrable functions can be decomposed into Hardy class above
and below functions which behave well in their respective complex half
planes.
Test function restriction formulas which remove unphysical growth are
given. As a specific example we consider Friedrichs model, which
solutions and complex eigenstates are known, and compare numerically
calculated total time evolution with test function restricted complex
eigenstates for various cases. The results show that test function
restricted complex eigenstates capture the essence of decay phenomena quite well.
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On community detection using q-state Potts model
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The modularity function is a measure to denote how modular a given
network is. However, even a random uncorrelated network has a finite
modularity due to quenched disorder. For this reason, the modularity
value of a given network is meaningful only when it is compared to that
of the randomized network with same degree distribution. In this
context, it is important to investigate the modularity of a random
uncorrelated network with an arbitrary degree distribution. The community detection by means of maximizing the modularity
is known to be equivalent to finding the ground spin configuration of the q-state Potts model. Using this equivalence, we
analytically evaluate the modularity by calculating the ground state energy of replica symmetric solutions, of the q-state Potts
Hamiltonian on a random uncorrelated graph with arbitrary degree distribution in the large mean-degree limit. We find that the
modularity is proportional to <\sqrt{k}>/ for general q. Especially, when the degree distribution follows power-law, the
modularity is proportional to ^-1/2}. Our analytic results are confirmed by numerical simulations. Our analytical result can be
used as a reference value for real world networks.

FG-06

Zero-one-only process: a correlated random walk with a stochastic ratchet

BAEK Seung Ki
Department of Physics, Pukyong National University.
The investigation of random walks is central to a variety of stochastic
processes in physics, chemistry, and biology. To describe a social transport phenomenon, we study a variant of the onedimensional persistent random walk, which we call a zero-one-only process. It makes a step in the same direction as the
previous step with probability p, and stops to change the direction with 1-p. By using the generating-function method, we
calculate its characteristic quantities such as the statistical moments and probability of the first return.

FG-07(

)

Fluctuation Relations for Spintronics

LIM Jong Soo, LÓPEZ Rosa1, SÁNCHEZ David1
School of Physics, Korea Institute for Advanced Study. 1Institut de Física Interdisciplinar i de Sistemes Complexos IFISC
(CSIC-UIB).
The thermodynamic second law is statistical in its nature and says that the entropy of an isolated system not in equilibrium
will increase until it reaches new equilibrium. In mesoscopic scale, however, there are nonnegligible probabilities that the
entropy of an isolated system may decrease and fluctuation theorem tells us this probability. Employing the steady state
fluctuation theorem based on microreversibility and the generating function for full counting statistics, fluctuation relations
concerning transport coefficients in mesoscopic systems were derived [1]. In the presence of an applied magnetic field B,
however, the fluctuation theorem is not valid because away from equilibrium the internal potential of a conductor is no longer
even functions of B. Nevertheless, Förster and Büttiker found fluctuation relations using probability conservation, global
detailed balance, and microreversibility only at equilibrium [2]. Here [3] fluctuation relations are derived in systems where the
spin degrees of freedom and magnetic interactions play a crucial role. As an example, we consider a quantum dot coupled to
chiral and helical edge modes and demonstrate that the fluctuation theorem is not a priori satisfied when magnetic interactions
are present. Importantly, we derive the fluctuation relations and verify them in the illustrative case.References[1] K. Saito and
Y. Utsumi, Phys. Rev. B 78, 115429 (2008).[2] H. Förster and M. Büttiker, Phys. Rev. Lett. 101, 136805 (2008).[3] R. López,
J.S. Lim, and D. Sánchez, Phys. Rev. Lett. 108, 246603 (2012).

FG-08(

)

Multiplex networks: introducing a new layer of complexity
.
.

FG-09(

)

Finite-time finite-size scaling of phase transition

.
Phase transition in its strict sense can only be observed in an infinite system, for which equilibration takes an infinitely long
time at criticality. In numerical simulations, we are often limited both by the finiteness of the system size and by the finiteness
of the observation time scale. We propose that one can overcome this barrier by measuring the nonequilibrium temporal
relaxation for finite systems and by applying the finite-time–finite-size scaling (FTFSS) which systematically uses two scaling
variables, one temporal and the other spatial. The FTFSS method yields a smooth scaling surface, and the conventional finitesize scaling curves can be viewed as proper cross sections of the surface. The validity of our FTFSS method is tested for the
synchronization transition of Kuramoto models in the globally coupled structure and in the small-world network structure. Our
FTFSS method is also applied to the Monte Carlo dynamics of the globally coupled q-state clock model.

FG-10(

)

Analysis on long-range residue-residue communication employing molecular dynamics

WU Sangwook, LEE Chang Jun1, PEDERSEN Lee1
Pukyong National University, Department of Physics. 1University of North Carolina at Chapel Hill, Department of Chemistry.
We investigated inter-residue communication of the side chains in barstar, an 89 residue protein, employing mutual
information theory. In this presentation , we indicate how the normalized mutual information (NMI) distribution depends on
explicit/implict solvent, MD simulation duration (100/200/600 ns) and free/fixed backbone.

FG-11

Cross-link induced collapse of Gaussian polymer chains

.
The statistical mechanics of polymers grafted on surfaces has been the
subject of intense research activity because of many potential
applications. In this talk, we analytically investigate the conformational
changes caused by a single cross-link on two ideal (Gaussian) chains
grafted on a rigid planar surface. Both the cross-link and the surface
reduce the number of allowed configurations. In the absence of the
substrate, the sole effect of the cross-link is a reduction in the effective
Kuhn length of a chain. The cross-link induced collapse of the grafted
chains (mushrooms) turns out to be a reduction in the variance of the
distribution of the height of the chain rather than a reduction of the
height itself.

FG-12

Phase Dynamics of Neural Responses to External Auditory Stimuli

GOH Segun, HAN Kyungreem, KIM Kiwoong1, KWON Hyukchan1,
KIM Min-Young1, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical
Physics, Seoul National University, Seoul 151-747, Korea. 1Center for
Biosignals, Korea Research Institute of Standards and Science (KRISS),
Daejeon 305-340, Korea.
When the brain is stimulated by the external stimuli via sensory
systems, the neural system responds within few hundred milliseconds
and a typical activity is generated in addition to the ongoing brain
activity. As the macroscopic brain activity is usually recorded in terms
of the scalp electro-encephalography (EEG) or magnetoencephalography (MEG), the “event related potential (ERP)”, obtained
by averaging EEG or MEG signals, provides a measure for the
instantaneous responses of the brain and its temporal resolution (~1ms) is good enough to consider the autonomous dynamics
of the neural response. However, the underlying mechanism of the emergence of ERP still remains unsolved. Among the
suggested hypotheses, the phase resetting is well known as a candidate of the ERP generation mechanism. Here we analyze the
MEG time series measured by employing the auditory oddball paradigm and model the brain as a dynamical system consisting
of oscillators and networks connecting them. Examining the observed ERP signals and the transient states responding to the
perturbation, we probe the mechanism of the ERP generation, especially regarding the phase resetting hypothesis, and its
relation to the resting brain state.

FG-13

Thermodynamic and Statistical-Mechanical Measures for Synchronization of Bursting

Neurons
LIM Woochang, KIM Sang-Yoon1
Daegu National University of Education, Department of Science Education. 1LABASIS Corporation, Research Division.
By varying the noise intensity D, we investigate synchronization in an inhibitory population of bursting Hindmarsh-Rose
neurons. Unlike spiking neurons, bursting neurons show firing patterns with two timescales: a fast spiking timescale and a
slow bursting timescale that modulates the spiking activity. Through separation of the fast and slow timescales, we
characterize the burst and spike synchronization transitions by using "thermodynamic" order parameters, and quantitatively
measure the degree of the burst and spike synchronization by employing "statistical-mechanical" measures. Population
synchronization may be well visualized in the raster plot of neural spikes. Instantaneous population firing rate, R(t), which is
obtained from the raster plot of spikes, is often used as a collective quantity showing population behaviors. Through frequency
filtering, we separate R(t) into Rb(t) (the instantaneous population burst rate (IPBR) describing the bursting behavior) and Rs(t)
(the instantaneous population spike rate (IPSR) describing the intraburst spiking behavior). The time-averaged fluctuations of
Rb and Rs play the role of thermodynamic order parameters, Ob and Os, used for characterizing the burst and spike
synchronization transitions, respectively. For more direct visualization of bursting behavior, we consider another raster plot of
bursting onset or offset times, from which we can directly obtain the IPBR, Rb(on)(t) or Rb(off)(t), without frequency filtering.
These two IPBRs are also shown to play the role of the order parameters for the bursting transition. Furthermore, the degree of
burst synchronization seen in the raster plot of bursting onset or offset times is well measured in terms of a statisticalmechanical bursting measure Mb, introduced by considering the occupation and the pacing patterns of bursting onset or offset
times. Similarly, we also develop a statistical-mechanical spiking measure Ms, based on Rs, to make practical characterization
of the intraburst spike synchronization.

FG-14

Global Organization of Human Gut Microbiota

KIM Pan-Jun, SUNG Jaeyun, JANG Sungho1, CHIA Nicholas2, JIN
Yong-Su3, JUNG Gyoo Yeol1
Asia Pacific Center for Theoretical Physics. 1Department of Chemical
Engineering, Pohang University of Science and
Technology. 2Department of Surgery, Mayo Clinic. 3Department of
Food Scinece and Human Nutrition, University of Illinois.
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 construct a global interaction network of microbial
species from microbiome samples of the human gut. Analysis of
network dynamics across different phenotypes can reveal novel insight
into the relationship between microbiota and host health.

FG-15*
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FG-16(
,

) Discontinuous phase transition in a core contact process on complex networks
,

.
To dynamically understand the resilience of a complex network under random damage, a model for core contact process on
complex networks is suggested. From a mean-field theory, it is analytically shown that the infection in the model depends both
on infection rate and initial density of infected site. The phase transitions in the model are also shown to be discontinuous from
the mean-field theory. Furthermore, by using a heterogeneous mean-field theory, the model on annealed networks is shown to
have the same physical properties as those from the mean-field theory. From the numerical simulations we also show that the
model on quenched networks has the same properties. Since the cluster structure in the active phase of the model is nearly the
same as those in the $k$-core percolation, the model is a dynamical version of the $k$-core percolation as the SIR model is a
dynamical version of ordinary percolation. From these results, we also discuss the stability of various networks under core
infection processes.

FG-17(

)

Study of protein folding by using partition function zeros

.
Protein is an intrinsically finite-size system with heterogenous components, which is in contrast to infinite-size homogeneous
systems studied in traditional statistical physics. Therefore, protein folding is not a phase transition in a rigorous sense, and it is
of interest to see to what extent methodologies of statistical physics can be used for studying protein folding. Partition
function zeros(PFSz) method is a tool used in statistical physics for studying phase transition, where instead of computing
quantities in real temperature, the zeros of the partition function in the complex temperature plane is examined. I show that the
PFZs method can be used for distinguishing two-state and barrierless downhill folding transitions, by computing exact PFZs of
the Wako-Sato-Munoz-Eaton protein model. I compute the PFZs for various secondary structural elements, and for two
proteins 1BBL and 1I6C, which exhibit features that clearly distinguish distinct types of folding transitions. The result is
expected to form basis for further application of the method to finite heterogenous sytem.

FG-18(

)

Atomic Superfluid in Two Dimensions

.
Quantum degenerate atomic gases represent a new class of systems to study fundamental many-body physics. The attraction
of these systems arises from their simplicity and high controllability. In this talk, I will describe our recent research on twodimensional superfluid phenomena. In low-dimensional systems, large thermal fluctuations prohibit the establishment of longrange order parameter, but in a 2D interacting system, a superfluid phase transition can occur at a finite critical temperature. In
the Berezinskii-Kosterlitz-Thouless (BKT) theory, this transition is associated with the spontaneous pairing of quantized
vortices with opposite circulation. In our experiments with quasi-2D Bose gases, we have investigated thermal phase
fluctuations and observed thermally activated vortices in the samples. We have observed that the vortex density gradually
decreases gradually as temperature is lowered, and below a certain temperature, a vortex-free region emerges in the center of
the trapped 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. Finally, I will present our recent experimental results on thermal relaxation of 2D
superfluid turbulence and discuss on the finite temperature effects on the vortex-antivortex pair annihilation process

FG-19

Nash equilibrium and evolutionary dynamics in semifinalists' dilemma

BAEK Seung Ki, SON Seung-Woo1, JEONG Hyeong-Chai2
Department of Physics, Pukyong National University. 1Department of Applied Physics, Hanyang University. 2Department of
Physics, Sejong University.
We consider a tournament among equally strong semifinalists. The players have to decide how much stamina to be used in the
semifinals, provided that only the rest is available in the final and the third-place playoff. We investigate optimal strategies for
allocating stamina to the successive matches when players' payoffs are given according to the tournament results.
From the basic assumption that the probability to win a match is a non-decreasing function of stamina difference, we present
Nash equilibria for general payoff systems. We find three different phases of Nash equilibria in the payoff space: First, when
the champion wins a much bigger payoff than the others, any pure strategy can be a Nash equilibrium as long as all the four
players adopt it in common. Second, when the first two places are much more valuable than the other two, a pure strategy
investing all stamina in the semifinal appears as the only Nash equilibrium. Last, when the payoff for the last is much smaller
than the others, a mixed strategy of using all or none of stamina in the semifinals is a Nash equilibrium.
We also analyze the optimal strategies for the tournament using the replicator dynamics for evolution of an infinite population
with pure strategies. When the winning probability is given by a step function, we find analytic solutions which reproduce the
corresponding Nash equilibria on the population level.

FG-20

Synchronization of conformist and contrarian oscillators under pinning force

HOANG Danh-Tai, JO Junghyo1, HONG Hyunsuk2
APCTP. 1APCTP, POSTECH. 2Chonbuk National University.
We consider a system of conformist and contrarian oscillators distributed randomly in a cubic lattice, where the oscillators
interact with the nearest neighbors.The conformist oscillators have attractive coupling, tending to synchronize with other
ones,while the contraians have repulsive interaction, exhibiting opposite relationship. We find a phase transition from
incoherent state to synchronized one as the conformist population increases.In addition, when a pinning force is introduced to
induce preferred phases to oscillators,the system displays a periodic synchronization state. We show that this state appears in a
certain region of pinning-force amplitude and conformist population. Comparison with biological phenomena is also given in
this talk.

FG-21*

Multiple Resource Demands And Viability In Multiplex Networks

,
,
.
Many complex systems demand manifold resources to be supplied from distinct channels to function properly, i.e, water, gas,
and electricity for a city. Here, we study a model for viability of such systems demanding more than one type of vital resources
produced and distributed by resource nodes in multiplex networks. We found a rich variety of behaviors such as discontinuity,
bistability, and hysteresis in the fraction of viable nodes with respect to the density of networks and the fraction of resource
nodes. Our result suggests that viability in multiplex networks is not only exposed to the risk of abrupt collapse but also suffers
excessive complication in recovery.

FG-22

Necessary condition for discontinuous percolation transitions

CHO Young Sul, KAHNG Byungnam
Seoul National University.
Recently, interest of discontinuous percolation transition (DPT) was sparked by the two models: the cascading-failure model
in double-layer networks and the explosive percolation model with competitive dynamic rule in mono-layer networks. For the
former model, the DPT is rather illusory, because a control parameter is taken as the number of intentionally removed links
only instead of actually removed links. For the latter model, the DPT is rather trivial, because the percolation threshold is
placed at unity. Moreover, the model that shows a non-trivial DPT is few, and understanding the mechanism for non-trivial
DPT at a finite threshold is missing. Here, we set up the necessary condition for non-trivial DPTs, and by which we classify
existing percolation models into continuous, trivial DPT, or non-trivial DPT types. We also introduce an analytically solvable
model that fulfills the necessary condition for non-trivial DPT. We anticipate that this theoretical framework can serve as a
platform for further development of discontinuous transitions in many non-equilibrium systems.

FG-23

Critical behavior of degree-ordered percolation

NOH Jae Dong, SHIM pyoung-seop, LEE Hyun keun1
University of Seoul. 1KIAS.
We study a degree-ordered percolation (DOP) model proposed by H. K. LEE et al. [Phys. Rev. E 87, 061812 (2013)] in the
hierarchical $(u,v)$ flower network. We derive the recursion relations for the percolation probability and the order parameter
by using a procedure analogous to the renormalisation group transformation. Analysing the recursion relations, we obtain the
exact values of the percolation threshold and the critical exponents. When $u\neq 1$, the DOP belongs to the universality class
of the ordinary bond percolation. In contrast, when $u=1$, the critical behavior of the DOP is different from the ordinary
percolation. The analytical results are confirmed by numerical simulations.

FG-24*

Generalized Epidemic Process on Locally Clustered Networks.

CHUNG Kihong, BAEK Yongjoo, KIM Daniel, HA Meesoon1, JEONG Hawoong2
Department of Physics, KAIST. 1Department of Physics Education, Chosun University. 2Department of Physics and Institute
for the BioCentury, KAIST.
Social reinforcement and local clustering pose an important challenge to the theoretical understanding of behavioral epidemics.
We discuss how this challenge can be addressed in the example of generalized epidemic process (GEP)[1] on clique-based
random networks, which consist of equal-sized cliques randomly connected by sparse inter-clique links. It is shown that both
the outbreak size and the nature of phase transition can be successfully predicted by applying a generating-function-like
technique recently developed by Hackett and Gleeson[2]. We also check whether the same technique can be applied to the GEP
on modular networks, in which the effect of link dilution comes into play. [1] G. Bizhani et al., Phys. Rev. E 86, 011128
(2012). [2] A. Hackett and J. P. Gleeson, Phys. Rev. E 87, 062801 (2013).
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P1-F003

Density functional theory for a planar electric double layer containing size-asymmetric ions

KIM Soon-Chul, KIM Eun-Young
.
We have developed the structure of a size-asymmetric electrolyte near a charged planar electric double layer by a density
functional theory. The ionic density and mean electrostatic potential for the electrolytewith asymmetric in charge and size for
varying electrolyte concentrations and electrode charge densitiesare studied and compared with those of the modified PoissonBoltzmann (MPB) theoryand simplified extension of the Poisson-Boltzmann (PB+EVT) theory.We have introduced the
surface charge distributionfunction to investigate the charge reversal, layering effect,and overcharging phenomena in a planar
EDL. The calculated results are very good agreement with the computer simulationsfor the ionic density and mean electrostatic
potential over a wide range of surface charge densitiesand electrolyte concentrations, and are better than those of the MPB and
PB+EVT theories.However, the accuracy between the theory and the simulation datadeteriorates for the highly sizeasymmetric electrolytes and the multivalent electrolytes.The present theory is able to provide interesting insightsabout the
charge reversal, layering effect, and overcharging phenomena occurring at the interface.The charge reversal is observed for a
negatively charged electrode,whereas the overcharging is observed for a positively charged electrode;the overcharging occurs
when the counterions are larger than the coions.

P1-F004

Confined Self-avoiding Polymer as Model Bacterial Chromosome Organization: Helical

Structure
JUNG Youngkyun, HA Bae-Yeun1
KISTI. 1University of Waterloo.
In recent experiments, the bacterial chromosome is spatially organized as helical structures. To find the mechanism of helicity
conformation of the chromosome in a cell, we here study a self-avoiding polymer chain confined in a cylindrical pore using
molecular dynamics simulations and analyze the influence of crowding on polymer conformations. Our polymer model
explains the recent experimental observations of bacterial chromosome organization.

P1-F005*
,

The relationship between fund performance indicator and KOSPI market
,

,
.
This study investigate that whether characteristics fund performance indicators (FPI), such as fund return, NAV and cash
flow, are related to the asset price movement using information flows estimated by Granger causality test. In our research, we
find that Firstly, information flow of FPI is most sensitive in extreme events of Korean stock market that contains negative
events such as sub-prime crisis, impact of QE (Quantitative Easing) by US and Europe financial crisis as well as positive event
of golden period of KOSPI except the fund cash flow. Secondly, both the fund return and NAV shows significant correlation
with the KOSPI stock market, whereas the cash flow of fund is no connection with regard to the stock market. This result
suggests that the information created from the ability of fund manager should influence stock market. Finally, during market
crisis period, information flows between FPI and KOSPI market is significantly positive connection with the volatility of
KOSPI market.

P1-F006

Statistical Properties Of Market Microstructure Of London Stock Exchange

1,
2
,
POSTECH,
. 1
,
. 2POSTECH,
.
Financial market is considered as complex system. In financial market, there exist so called 'stylized facts' reflected complexity
of system, such as fat-tails, volatility clustering and long-memory of volatility. In this work, we analyze market microstructure
data of London Stock Exchange for the purpose of understanding complexity of financial market. Our data are Rebuild Order
Book of London Stock Exchange from Aug, 2008 to Mar, 2009. We observed 'stylized facts' such as fat-tails and long-memory
of volatility, bid-ask spread and first gap. Furthermore, the significant change of herding and informed trading after Lehman
Brother's Bankruptcy were observed. These results provide the understanding of financial market as complex system in market
microstructure level.

P1-F007
,

Who is vulnerable to weather? – A case study of investor types
,

,
.
It is known that weather is the one of the considerable factors that induces people to show irrational behaviors. Based on this
literature, many previous studies have focused on correlation between stock index of each country and weather variables.
However, this study investigates the weather effects on KOSPI stock investors classified into 15 types, and proves that which
investor type is most vulnerable to weather. To do that, we employ net purchase price as a proxy of investor trading activity
and the weather variables including sunshine, cloudiness, and humidity in Seoul region. Empirical results provided by this
study are as follows: Individual investors are most susceptible to weather, which is due to the fact that they tend to depend on
their own intuition. On the other hand, institution investors and foreign investors show insignificant result because the
institution investors should use a trading strategy that is created with fundamental information of individual firm and the
foreign investor are irrelevant with weather in Korea.

P1-F008*

Stylometry and Network Analysis on the Annals of the Joseon Dynasty

LEE Byunghwee, CHUNG Kihong, KIM Daniel, JEONG Hawoong1
KAIST, Department of Physics. 1KAIST, Department of Physics, Institute for the BioCentury.
In this work we quantitatively study the Annals of the Joseon Dynasty[1], which consist of 1893 books covering 472 years
(1392~1863) of the history of the Joseon Dynasty. Using the digitized version of the annals, we check the stylometric
similarity for all possible pairs of the reigns by using rank-frequency distribution of 9,563 Chinese letters appeared in the text
and 299 content-free Chinese letters. We also investigate the variations in the structure and properties of social communities
throughout the history of Joseon Dynasty via network analysis. Finally, we study the effect of notable events, such as Sejo's
usurpation, on the structure of social communities. [1] http://sillok.history.go.kr/etc/english.jsp

P1-F009*
KIM Young Jin, ROH Myungkyoon, JEONG Seonyoung, SON Seung-Woo
Hanyang University.
In the prisoner’s dilemma (PD) game, if both players cooperate, they get a reward (R) for cooperation. If one defects while
the other cooperates, then the defector receives a payoff corresponds to temptation (T) while the partner receives a sucker’s
payoff (S). If both players defect, both get punishment (P). The payoffs must hold the relations T>R>P>S and 2R>T+S to be a
PD game. In this study, we find 8 different phases in this R-P payoff space, where the 25 unique strategies of the iterated PD
games form different network structures. Interestingly, the numerical results of the replicate dynamics show that the Pavlov
strategy is more competitive than the well-known Tit-for-tat and Grim trigger in high R and low P area. Using network
analysis, we try to understand the phase separation and the replicator dynamics results.

P1-F010*

An Empirical Study of the Discrepancy between Psychological and Probabilistic
Expectation Values in a Poker Game
ROH Myungkyoon, JEONG Seonyoung, KIM Young Jin, SON Seung-Woo
Hanyang University ERICA, Applied Physics.
Texas hold’em poker is one of the most popular poker game rules, where each player is dealt two private cards (hole-cards) in
the first round, and then requested to decide whether folding the cards to stop the game or holding and raising game money to
continue the game. Players have to decide next move quickly within limited information. In this process, psychological factors
tangle with cool-headed probabilistic expectation values. To analyze this discrepancy, we have collected over 5600 cases
(hands) of 100 episodes and compared the players’ psychological response for each pair of cards with the probability
expectation winning rate. Moreover, based on the observation, we are able to estimate the best weights for players’ moves to
minimize the discrepancy.

P1-F011*

Coevolution of Species Abundance and Topology in Mutualistic Networks

LEE Deok-sun, LEE Jae Woo, MAENG Seong Eun
Inha University, Dept. of Physics.
In contrast to the predator-prey relationship, mutualistic interactions give rise to highly nested structure in the interaction
networks e.g., of plants and pollinators or plants and herbivores, implying the emergence of hub plant species feeding a large
number of animal species. When the structure of a mutualistic network is evolved by link rewiring towards maximizing species
abundance, the obtained networks indeed display high nestedness. However, the nature of interspecific interaction in each
ecological community is multisided and it can happen that the mutualistic networks are affected by the competitive interactions
as in the predator-prey networks. Here we present our model for the coevolution of species abundance and topology in
mutualistic networks of plants and pollinators. Not only the mutualistic interactions between plants and pollinators but also the
competitive interactions between animals pollinating the same plants affect the time-evolution of the abundance of each
species, which is used for the evolutionary selection of the network topology. We investigate the time course of the topology
of the evolving networks and the impact of competitive interactions on the magnitude and scaling of nestedness. The stability
of the evolved networks against link failure and species extinction is studied as well.

P1-F012
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P1-F013
,

Feature of dynamical behaviors for five air pollutant concentrations
1,

1
1

,
.
,
.
In this paper, we study characteristics of the dynamical behavior of the air pollutants (PM10, O3, NO2, SO2, CO)
concentration on the Korean peninsula for four seasons by the rescaled range and multifractal detrended fluctuation analyses.
The data for the variability analysis are used three hourly time series data of the air pollutants concentration in seasonal for five
years from Jan. 2006 to Dec. 2010 at the eighty-five stations with existing air quality monitoring networks. We analyzed time
series data of 4,152 stations without air quality monitoring networks by using the ordinary kriging interpolation. In the past
time, we have used the box-counting method to analyze the generalized dimension and the scaling exponent for the mountain
height and the ocean depth. The rescaled range analysis can be really extended to distinguish from random time series to
correlated ones. We simulate and analyze the methods of the rescaled range analysis and multifractal detrended fluctuation
analyses. Using the rescaled range analysis and multifractal detrended fluctuation analysis, we analyze in detail the hub cells of
the air pollutants concentration from the network for the relation between the Hurst exponents.

P1-F014

Conformational Transitions in the HP Model on a Square Lattice

,
.
We study the hydrophobic-polar (HP) model of a protein on a square lattice by performing exhaustive enumeration of all
possible conformations, for a sequence of chain length 34. Various thermodynamic quantities such as microcanonical entropy,
specific heat, and partition function zeros can be obtained exactly, from which collapse transition and the folding transition can
be studied. The transition temperatures are defined using several criteria, which show reasonable agreement with each other.

P1-F015

Generalized Conserved Lattice Gas Model on Random Networks

KWAK Wooseop, HA Meesoon1
Department of Physics, Chosun University. 1Department of Physics Education, Chosun University.
We investigate the mean-field (MF) behavior of the conserved lattice gas model (CLG) with an effective temperature
parameter, p=exp(-1/T), namely the generalized CLG. In our earlier study, two-dimensional generalized CLG exhibits some
glassy behavior. To resolve this anomaly in the context of the universality class, we first study the MF behavior of the
generalized CLG in two-type of random networks: Erdos-Renyi (ER) and regular random (RR) networks. Based on our
numerical results in ER and RR networks, we suggest a schematic phase diagram and argue the MF universality class of the
generalized CLG.

P1-F016

Segregation of Confined Polymers: Crowding Effect

KIM Juin, JEONG Hawoong, JUNG Youngkyun1, HA Bae-Yeun2
KAIST, Department of Physics. 1KISTI, Supercomputing Center. 2University of Waterloo, Department of Physics and
Astronomy.
The compaction of a bacterial chromosome is often considered as a result of depletion forces induced by "free'' proteins or
crowding particles available in the cell, while it is unclear whether this depletion-induced attraction will act as hindrance for
the segregation of duplicated chromosomes during cell duplication. Here, using molecular dynamics simulations, we
investigate the segregation of two overlapping flexible chains confined in a cylindrical pore crowded with small particles. We
will analyze the influence of the crowding particles on the segregation of the polymers and discuss the implication for
chromosome segregation in E. coli.

P1-F017*

Auditory Information Processing in the Human Brain: Nonlinear Analysis of the AuditoryEvoked Potential
JIN SeHyun, HAN Kyungreem, GOH Segun, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University, Seoul 151-747, Korea.
In the human brain, auditory information is processed in the complex network of auditory cortical neurons; quantitative and
qualitative facets of the human auditory information processing have been studied with the help of the indirect measurements
of brain activities such as electroencephalography (EEG) and magnetoencephalography (MEG). In particular, the analysis of
the auditory evoked potential (AEP), obtained from ongoing EEG/MEG signals, has been considered as a standard method to
understand the dynamics of the process. Due to the nonlinearities in the auditory cortical neurons, however, there exist
difficulties in interpreting relevant information as to the intrinsic properties of the network, obtained from the event-related
potential (ERP) via conventional linear methods, i.e., calculation of the maximum power and computation of the difference in
the evoked response. To circumvent these limitations, in this study, we consider various nonlinear analysis methods, by means
of which ERP and/or ongoing EEG recordings of fifteen human subjects are quantitatively analyzed. Further, correlations
between the latency/amplitude of characteristic peaks of the AEP and the indices based on the nonlinear measurements are
discussed.

P1-F018

Frequency-Domain Order Parameter for Synchronization Transition of Bursting Neurons

LIM Woochang, KIM Sang-Yoon1
Daegu National University of Educaiton, Department of Science Education. 1LABASIS Corporation, Research Division.
We investigate synchronization transition in a population of bursting neurons. Bursting activity has both a fast spiking
timescale and a slow bursting timescale that modulates the spiking activity. Through separation of the fast and slow timescales,
we characterize the burst and spike synchronization transitions by varying the noise intensity D. Such burst and spike
synchronization may be well visualized in the raster plot of neural spikes. Instantaneous population firing rate, R(t), which is
obtained from the raster plot of spikes, is used as a collective quantity describing population activities. Through frequency
band-filtering, we separate R(t) into Rb(t) (the instantaneous population burst rate (IPBR) showing the bursting behavior) and
Rs(t) (the instantaneous population spike rate (IPSR) showing the intraburst spiking behavior). For the burst and spike
synchronization, Rb and Rs exhibit oscillatory behaviors, independently of N (number of the neurons), while in the case of the
burst and spike unsynchronization, they become stationary in the thermodynamic limit (i.e., as N goes to the infinity).
Oscillations of Rb and Rs in the time domain are characterized by peaks in their power spectral densities. As in studies of
coherence resonance, each spectral "resonance" (i.e., peak) may be analyzed in terms of a "coherence factor" \beta (i.e., a
measure of spectral coherence) which is defined by a "signal to noise" ratio of the spectral peak height and its relative width.
Then, the coherence factors betab and betas of Rb and Rs are shown to play the role of "frequency-domain" order parameters,
used for characterizing the burst and spike synchronization transitions, respectively. Consequently, we obtain the threshold
values of noise intensity, D*b and D*s, beyond which the burst and spike synchronization break up, respectively. For more
direct visualization of bursting behavior, we consider another raster plot of bursting onset or offset times, from which we can
directly obtain the IPBR, Rb(on)(t) or Rb(off)(t), without frequency filtering. The coherence factors, \betab(on) and \betab(off), of
Rb(on)(t) and Rb(off)(t) are also shown to play the role of the frequency-domain order parameters for the bursting transition.

P1-F019*

Effects of Thermal Fluctuations on a Generalized Active Brownian Dynamics

CHOI Saerom, LEE Kong-Ju-Bock, PARK Pyeong Jun1
Department of Physics, Ewha Womans University, Seoul. 1School of Liberal Arts and Sciences, Korea National University of
Transportation, Chungju.
We consider a generalized active Brownian particle coupled to an energy depot. The supplied energy can be stored in the
energy depot and converted into mechanical work. 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. Under a constant external force, the
role of thermal noise and energy conversion rate is identified numerically.

P1-F020

Kardar Parisi Zhang class model in higher dimensions

,
,
.
Restricted solid-on-solid growth model and directed polymer in random potential model are studied in higher dimensions. The
interface width W(t) is measured as a function of time t and the growth exponent β is estimated through the relation W(t) ~ tβ in
higher dimensions. The obtained β is a little bit less than but very close to 1/(d+1). Our numerical simulation results indicate
that the upper critical dimension of the Kardar Parisi Zhang(KPZ) equation is larger than d = 11 + 1.
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On one-dimensional three-body elastic collision problems

,
.
We study multiple elastic collisions of a block and a wall against a rigid
wall in one dimension. The complete trajectory of the block is solved as
an analytic function of time, which is new. Near the turning point of the
block the force carried by the ball is proportional to 1/x^3, where x is the
distance between the wall and the block, in the limit that the block is
sufficiently heavier than the ball. This is a unique pure mechanical
system that reveals dipole repulsion.
Also, we consider a scattering of two identical blocks of mass M in one dimension by exchanging momenta through elastic
collisions with a ball with mass m=alphaM. Initially, a ball and a block are at rest and the other block is incident on the ball.
For alpha<1, the three objects make multiple colliions. The analytic solutions for the terminal velocities derives a remarkable
prediction that the initial energy and momentum of the incident block are completely transferred to the scattered block at every
magic mass ratio alpha=alpha_k^{magic}

GG-02
,
.

GG-03

Moments of Inertia of Spheres without Integration in Arbitrary Dimensions

HONG Seok-In, HONG Seok-Cheol1
Department of Science Education, Gyeongin National University of Education. 1Department of Physics, Korea University.
We obtain generalized formulae for the moments of inertia of <!--[if !vml]--><!--[endif]-->-dimensional uniform solid spheres
and spherical shells without actual integration. The derivation is based on the parallel axis theorem and the (generalized)
perpendicular axis theorem along with rotational symmetry.
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GG-09

Correlation between Students' Beliefs about Learning Physics and Their Achievement
1

,

. 1
.
In this study, we explored the relationship between students' beliefs about learning physics and their achievement in the study
of physics. To investigate students' beliefs, we gave the test form of the ‘Belief About Learning Physics Survey' to pre-service
physics teachers before and after a physics course for one year in order to analyze the two dimensions of ‘cognitive belief’ and
motivational belief’. To evaluate students' achievement, we used both their academic score in physics class and their
understanding of physics concepts tested by the 'Force Concept Inventory (FCI)'. The relationship between belief and
achievement was statistically analyzed. As a result, cognitive belief both before and after the course showed high correlation
with the score in their achievements and their understanding of force concepts, while motivational beliefs after the course only
showed correlation with their scores. From this we found that the cognitive belief could be the indicator of conceptual
understanding and the motivational belief could help their achievements. Therefore, we could infer that pre-service teachers'
cognitive belief about learning physics before the physics course could be an indicator of successful learning in physics as a
resource of teaching and learning physics, especially in the understandings of physics concepts. A course utilizing pre-service
teachers’ motivational beliefs could help their academic score in physics. Instructors could investigate and use students’ beliefs
about learning physics as a resource. In addition, a goal of learning physics should be to enhance conceptual understanding and
academic score in achievement by using students’ beliefs.
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Conceptual Correspondence between Mechanical and Electromagnetic Oscillations

LEE Jong Duk, RYU Chang-Mo
.
In general, undergraduate students encounter serious difficulties when confronted with the electromagnetic oscillation. Most
of students suffer conceptual difficulties in the domain of electricity and magnetism unlike mechanical phenomena. Therefore,
we have used the conceptual correspondence between mechanical and electromagnetic oscillations to help students enhance
the understanding of these complex concepts. Oscillations and waves are very common phenomena closely related with our
daily lives. An Oscillation is defined as a periodic disturbance in time and space in a physical system that is restricted with a
restoring force and inertia. In this study we show that these different oscillatory systems are conceptually the same and can
describe with a same point of view in all related physical quantities such as restoring force, inertia, period, frequency, natural
frequency, forced oscillation and resonance, beats, etc. Finally, we suggest that the conceptual correspondence between
mechanical and electromagnetic oscillations could be good alternative to each other and can help the students make the
abstract concepts encountered in electromagnetism more concrete.
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P2-G008

Experiment and Theory about Thermal Conduction in Primary School Science

KIM Taekyu
Jeonju National University of Education, Department of Science Education.
Thermal conduction with experiment and theory in primary school science had been studied in this study. The process of
energy transfer by heat can be called the three ways of conduction, convection, and radiation. The experiments and contents
about conduction is contained in the title of Heat Transfer and Our Living in the 4th grade primary school science. In this
actual experiments, there are some inconvenience of the various experimental tools and objects, the high temperature due to
using the alcohol lamp, the qualitative measurements and so on. The devised experimental tools and methods had been
developed for the simplicity, safety, quantity analysis. From the experimental results for the various parameters of water
temperatures, material species, positions, insulate conditions, the experiment category can be set up to fulfill the effective
teaching-learning in the limited class time. And the calculated results had been carried out based on the theory about
conduction for various metals.

P2-G009

Experimental Contrivances of Simple Tools in Primary School Science

KIM Taekyu
Jeonju National University of Educatiom, Department of Science Education.
In some primary school science experiments, it occasionality happens that the experimentally measured data or results are
remarkably discord with theoretically calculated values even if considering the student's experimental errors. It is necessary to
reduce the gap of between experimental and theoretic results to ensure the importance and confidence about experiments in
primary science teaching-lessoning. To decrease the differences, the contrivances of experimental tools and methods are more
practical plan than the mathematical approaches under the student's limitation of mathematics abilities. In this paper, it is
studied the spring and the pulley and lever which are experimental tools to be used in the title of Measuring Weight in 4th
grade and the title of Energy and Tools in 6th grade primary school science, respectively. The experimental contrivance for
these tools were devised by the using tools and instruments, the development of accessary objects, and the measuring and
analyzing methods to be nearly coincided the results of experiments and theories.

HG-01

Ultrafast XANES Measurements using the Third and Fourth Generation Light Sources

CHO Byoung-ick
Gwangju Institute of Science and Technology (GIST), Department of Physics and Photon Science.
Time-Resolved X-ray Absorption Near Edge Structure (TR-XANES) measurement is a versatile technique for studying the
electronic structures of materials. In this contribution, I will present two sets of ultrafast XANES measurements performed at
the third-generation and the fourth generation light sources. The first experiment was performed at ALS synchrotron facility.
Utilizing the x-ray streak camera, the temporal evolution of XANES spectra for warm dense matter (WDM) states of various
matters, such as copper, nickel, and carbon with 1~2 eV temperatures, were successfully measured with 2-ps resolutions. The
second was performed on LCLS X-ray Free Electron Laser (XFEL) facility. The demonstration of the femtosecond XANES
for molybdenum provides new insights on evolution of electronic DOS during its transition from solid to warm dense matter.
This work was supported by the NRF (2013R1A1A1007084) and the TBP project of GIST.

HG-02*

Mode conversion of extraordinary waves incident on stratified magnetized plasmas with
perpendicular inhomogeneity
,
.
We consider the propagation and mode conversion of electromagnetic
waves incident on stratified magnetized plasmas, where the direction of
the external magnetic field B0 is perpendicular to both the direction of
density inhomogeneity and the incident plane of waves. Using the
invariant imbedding theory of mode conversion, we calculate the mode
conversion coefficient A, which is the fraction of incident wave energy
converted into longitudinal plasma oscillations, in a numerically precise
manner. In our geometry, the external magnetic field is in the y direction
and the density inhomogeneity is in the z direction. The wave is incident
and propagates obliquely in the xz plane. When the incident wave is an
ordinary (O) wave, there is no mode conversion, whereas when the incident wave is an extraordinary (X) wave, strong mode
conversion can occur. We have calculated the detailed dependence of the mode conversion coefficient on the incident angle θ,
the external magnetic field, and the plasma density in the incident region. In the following figure, we show the dependence of
A on the parameter w, which is proportional to B01/2, for several values of v, which is proportional to sinθ. We find that for
certain parameter values, A approaches 1. Our results are carefully compared with previous results.

HG-03

Destruction of NF3 using a Microwave Plasma Torch with Brown gas

KANG Min ho, NA Young ho, HONG Chang ki1, KIM Youn jea1, UHM Han sup
Department of Electrical and Biological Physics, Kwangwoon University, Korea. 1School of Mechanical Engineering,
Sungkyunkwan University, Korea.
Destruction of hazardous chemical warfare agents is required on battlefields as well as in laboratories, pilot plants, storage
areas, and destruction sites. When a chemical attack occurs, it is critical to decontaminate facilities or equipments to an
acceptable level in a very short time. An atmospheric-pressure plasma device has the potential to eliminate CWAs. A
microwave plasma torch provides heat and plasma with abundant chemical radicals for the thermal decomposition and
oxidation of CWAs at atmospheric pressure, ensuring a simple and compact device. In this work, an atmospheric pressure
microwave plasma torch as a new method for destruction of CWAs was presented. Detailed experiments were conducted on
abatement of NF3 in terms of destruction and removal efficiency (DRE) using Fourier Transform Infra-Red(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 99.99% for NF3 were achieved without an additive gas
by applying microwave powers from 1.2 to 1.8 kW. When using Brown gas, destruction of NF3 is more effective at high flow
rate. Experimental results for NF3 destruction indicate that the microwave plasma torch has a potential to eliminate CWAs

HG-04
,

An Anisotropic Turbulent Plasma Transport In The Hasegawa-Wakatani Model
,

.
Motivated by recent works on the advection excited in the noise-driven Hasegawa-Mima model, Hasegawa-Wakatani
equations are studied as a self-consistent extension. Nonlinear fluxes due to the E×B convective derivatives of both the
vorticity and the plasma density are divided into two parts. One part, which is almost isotropic, is well known to engage in the
transfer of the energies from the energy-producing scale where the phase mismatch between the density and the electric
potential is large. The other part is found to be anisotropic and approximately advective in the Fourier space. Advecting
velocities are derived from the numerical simulation with various values of adiabaticity parameter ranging from hydrodynamic
to highly adiabatic. Implications of these numerical observations are discussed.

HG-05

Intrinsic Non-axisymmetric Field in Axissymmetric KSTAR

IN Yongkyoon, PARK Jong-kyu1, JEON Young-mu, KIM Jayhyun, OKABAYASHI Michio1
National Fusion Research Institute. 1Princeton Plasma Physics Laboratory, Princeton, NJ, U.S.A..
A surprisingly low level of intrinsic non-axisymmetric field (so called ‘error field’) has been measured in Korea
Superconducting Tokamak Advanced Research (KSTAR), suggesting at least an order of magnitude lower in KSTAR than in
any other major tokamaks. While a tokamak is configured to be toroidally axisymmetric in the magnetically helical structure,
non-axisymmetric field is inevitably introduced primarily by misalignment of control coils and structural materials during
construction. Since the presence of non-axisymmetric field, however, causes various undesirable consequences on the
performance of the fusion plasmas (e.g. kink mode locking, toroidal flow drag, magnetic island seeding etc), externally
imposed non-axisymmetric correction fields are generally used to minimize the non-axisymmetry in tokamaks. Assuming that
the error field is composed of a single rigid-body, the primary correction field is determined. So, this leaves all the other
uncorrected secondary error fields intact, where additional correction field is to be similarly determined. Since fusion
plasmas are quite keen on the ever-present uncorrected error field, one of the important questions is still to answer what level
of correction field would be appropriate to truncate any correction needs in ITER and future reactors. To address the validity
of the mode rigidity assumption of the error field, a systematic approach has been established to take advantage of three arrays
of in-vessel control coils (IVCC) in KSTAR. While the first step is to diagnose the intrinsic error field using a single array of
the IVCC coils, we have discovered that the KSTAR has extremely low level of intrinsic error field dB/B0 ~10-5, instead of 104

typically observed in other devices. Here, B0 is referred to as the magnetic field strength at the major radius in a tokamak.
Such a low level of intrinsic non-axisymmetric field as measured in KSTAR is comparable to the Earth’s magnetic field in
Daejeon, where the KSTAR is located. We are planning to fully explore the other single rows of IVCC arrays, cross-checking
the recent measurement results in the up-coming run-campaign, along with a more comprehensive physics goal of
understanding the error field rigidity. Once the record-low intrinsic error field in KSTAR is confirmed, this is expected to
provide a solid foundation to an unprecedented ‘error-insignificant’ axisymmetric tokamak research in KSTAR that had never
been explored elsewhere.

HG-06

A New ELM-Free H-Mode, ‘Bursty H-Mode’, Driven By RMP

JEON YoungMu, PARK J.-K.1, EVANS T.E.2, PARK G.Y., GHIM Y.-c.3, HAN H.S., KO W.H., NAM Y.U., LEE K.D., LEE
S.G., BAK J.G., YOON S.W., OH Y.K., KWAK J.G.
National Fusion Research Institute. 1Princeton Plasma Physics Laboratory. 2General Atomics. 3Korea Advanced Institute of
Science and Technology.
As the most plausible technique to control the edge localized modes (ELMs) of high confinement mode (h-mode) plasmas,
which is critical for ITER and beyond, non-axisymmetric resonant magnetic perturbations (RMPs) have been actively
investigated in KSTAR. Since the first success of ELM suppression using n=1 RMPs in 2011 [1], it has been extended to the
cases using n=2 RMPs with various configurations. As results, we have successfully demonstrated that the ELMs can be
suppressed reliably using either various toroidal modes (n=1 or n=2) or poloidal spectra (a single row or three rows of coils) if
certain conditions are satisfied, such as a specific q95 window and a threshold of resonant field strength [2]. In addition, we
found with importance that the ELM suppression appears as a secondary effect of RMP that led a bifurcation of edge transport,
while the ELM mitigation appears as one of prompt responses. Furthermore, a persistent bursting event activated in plasma
edge region is suggested to be responsible for the transport bifurcation that leads to a saturated or reduced growth of edge
pedestal steadily staying below the ELM crash threshold as observed in experiments, hence the steadfast ELM-suppressed
state. In the end, it is shown that this ELM-free state is worth to be considered as a new H-mode regime, by naming it
as 'bursty H-mode'. References: [1] Y.M. Jeon et al, "Suppression of Edge Localized Modes in High-Confinement KSTAR
Plasmas by Nonaxisymmetric Magnetic Perturbations", Phys. Rev. Lett. 109, 035004 (2012) [2] Y.M. Jeon et al, 14th H-mode
workshop and 25th ITPA-PEP topical meeting, Kyushu univ., Japan (2013). And 9th Asia Plasma and Fusion Association
Conference (APFA), Gyeongju, Korea (2013)

HG-07

Characteristics of ELM Precursor Measured by Two-dimensional Beam Emission
Spectroscopy in KSTAR
NAM YongUn, ZOLETNIK Sandor1, LAMPERT Mate1, DUNAI Daniel1
National Fusion Research Institute. 1Wigner RCP Institute for Particle and Nuclear Physics.
H-mode plasmas are now routinely produced with optimized scenarios in Korea Superconducting Tokamak Advanced
Research (KSTAR) tokamak. Various types of edge localized mode (ELM) are triggered during various experiments designed
by its own purpose for understanding the nature of H-mode and for finding better confinement conditions. Most of ELMs are
accompanied with precursors before its burst. Characteristics of the precursors were measured by two-dimensional (8 radial x
4 poloidal) beam emission spectroscopy (BES) system. The system has spatial resolution of 1 cm, temporal resolution of 2
MHz, and its beam source is a heating deuteron beam operating at 2 MW and 100 keV energy. Temporal evolution and
behaviour of the spatially localized precursor structures defined by electron density and its fluctuation spectrum will be
discussed depending on the type of ELM.

HG-08

Analysis of Deposition Mechanism inside the Castellation Gap in KSTAR

HONG SUK-HO, LIM SUN-TAEK1, LEE JIN-YOUNG1, YANG SEUNG-JAE1, LHO TAEHYEOP, PARK CHONGRAE1,
KIM GON-HO1
NFRI. 1SNU.
ITER (International Thermonuclear Experimental Reactor) divertor will be made of tungsten from the beginning of the ITER
plasma operation. One of major issues during long pulse operation is fuel retention inside the gap. It is reported that the
deposition inside the gap could be minimized by optimizing the shape. Experimental proof has been carried out in a frame
work of ITPA Div/SOL activity under the task DSOL 27.In this paper, we have analyzed the deposited layers inside the gap of
KSTAR tungsten tile by XPS and Raman spectroscopy to identify the deposition mechanism. From the theoretical prediction
by Ohya et al. by EDDY code , the deposition patterns in the poloidal and toroidal gaps depend strongly on the energy of
incident particles: Low energy particles lead to the deposition at the bottom and at the side walls of the gap, and no asymmetry
in gaps of both directions. This is due to the contribution of charge exchange neutral particles, since they can penetrate deeply
inside of the castellation gaps. On the other hand, the deposition at the top of the gap is dominated by ions and there is
asymmetry in poloidal and toroidal gaps with high energy particles, since ions follow the magnetic field lines. From the Raman
measurements, ion dominated deposition at the top of the gap shows similar characteristics as hard Diamond-Like Carbon
(DLC), while that at bottom shows soft Polymer-Like Carbon (PLC) which is deposited by low energy particles.
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Diagnostic Method For Klystron Using White Noise

1,
2,
3,
3
,
Department of physics, POSTECH. 1National Fusion Research Institute. 2Department of physics and Division of Advanced
Nuclear Engineering, POSTECH. 3Pohang Accelerator Laboratory.
It is important to check the resonant frequency during the tuning of klystrons. The resonant frequency of klystrons can be
measured with coupling probes but coupling probe installed at cavities lead to transform cavities. In this paper, a method
which is nondestructive will be described. It is called the “white noise method”. In experiments, we used a swept signal
generator, RF amplifier and spectrum analyzer. We tested Toshiba E3712 klystron which is installed at Pohang Accelerator
Laboratory. The swept signal generator makes white noises (random noise) and RF amplifier amplifies it. Then it is fed to the
klystron input. Lastly, the output was measured by a spectrum analyzer. Then the output of a klystron had peaks or dips at
particular frequencies. It is easy to check that these particular frequencies corresponded to resonant frequencies. Resonant
frequencies can be measured by using white noise without damages of klystrons. It is useful to use this method during the
tuning of klystrons.*This research was supported by National R&D Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science, ICT & Future Planning (2009-0082506) and BK21+ program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education.

P2-H005*

Electron beam generation from laser wakefield acceleration using a discharge capillary
waveguide with a tapered plasma density
,

,

,

,
.
The monoenergetic electron beams can be generated in laser wakefield acceleration. However, the energy of electron beams
is limited by the laser diffraction and the dephasing length. By using a discharge capillary waveguide the laser pulse can
propagate over few centimeter scales. In order to overcome the dephasing we introduce the tapered plasma density which can
increase the dephasing length, which results in enhancement of the energy of electron beams. We have developed a tapered
capillary discharge waveguide with the variable plasma density gradients by changing gas-feed line cross-sections. The
discharge capillary plasma waveguide with flat/increasing plasma density will be used for high-energy electron acceleration
experiments together with the 20 TW/40 fs laser system. In this presentation, we will report results of the ongoing experiments
for the laser wakefield acceleration with the untapered/tapered capillary.

P2-H006*

Table-Top Synchrotron Radiation Source with the Capillary E-Beam source and a
Compact Hybrid Halbach-Type Undulator
,

,
,
,
(GIST).
Table-Top synchrotron radiation source system includes the truly compact capillary electron beam source and the minimized
hybrid Halbach-type undulator. The capillary E-beam source provides maximally one order higher charge of electron bunch
than gas cell or gas jet acceleration system so that give chance of getting higher flux of radiation. In this poster, simulation
results for optimization of each system component and prototype designs of magnetic components such as quadrupole focusing
magnets and undulator magnets are presented.

P2-H007

Study of the performance of a klystron and its efficiency by using FCI simulation

HWANG Jihyun, NAMKUNG Won1, CHO Moohyun2
Dept. of Physics, POSTECH. 1Pohang Accelerator Laboratory. 2Dept. of Physics and Division of Advanced Nuclear
Engineering, POSTECH.
The FCI code, is one of the simulation tool for klystrons, simulates the electron beam motion with cylindrical symmetry in a
drift-tube region based on a PIC method by taking into account the space charge fields, RF-cavity and external focusing
magnetic fields. A Klystron is a specialized linear-beam vacuum tube which amplifies RF signals by converting the kinetic
energy in a DC electron beam into radio frequency power. A beam of electrons, produced by a thermionic cathode, is passed
through an input cavity resonator. While passing through the cavity, the electron beam is bunched by the RF field. As the
bunched electrons enter the output cavity the kinetic energy of the electrons is converted to potential energy of the field,
increasing the amplitude of the oscillations. The spent electron beam, with reduced energy, is captured by a collector electrode.
Through the FCI simulation, we studied the performance of a klystron and its efficiency related to design parameters.
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Simulation study of a ion acceleration by a circularly polarized laser pulse in a pre-formed

plasma target
,

,

.
When a intense circularly polarized pulse irradiates the thin target radiation pressure push the target and ions get high energy
over MeV. But the thin target can be broken easily by the ASE and/or postpulse of a intense laser pulse. In this study we are
going to observe a interaction between a intense laser pulse and broken target in the simulations.
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Analysis of the stability in the free-electron laser based on the harmonic wiggler

KIM Ki-Bum, NAM Soon-Kwon1
Institute of Liberal Education,Kangwon National University. 1Department of Physics,Kangwon National University.
We use the harmonic wiggler in the free-electron laser to enhance the stability of the electron beam. The orbits of electron
beam in the harmonic wiggler magnetic field are calculated from the Hamiltonian, and the stability of relativistic electron
beam is studied. We analyze the state-state solutions in the electron beam, and the nonlinear phenomena of electron beam are
also investigated.
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Characterisation Of A Gas Cell For Laser Wakefield Acceleration Studies

PHUNG Vanessa Ling Jen,
,
,
(GIST).
Characterisation Of A Gas Cell For Laser Wakefield Acceleration Studies
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Development of Vacuum Control System for KOMAC 100MeV Proton Linac

SONG Young-Gi, KWON Hyeok-Jung, CHO Yung-Sub
.
The 100-MeV proton linear accelerator of the Korea Multi-purpose Accelerator Complex (KOMAC) has been developed. The
Linac is composed of an ion source, Radio Frequency Quadrupole (RFQ), Draft Tube Linac (DTL) and beam-line. The Linac
includes a variate of vacuum components such as ion pump, turbo pump, scroll pump, gate valve, and gauge. As the linac is a
large experimental machine, the vacuum components must be controlled by a remote control system and are connected to
interlock system to protect the vacuum devices. If the gate valves are closed during beam operation, the gate valves will be
damaged by the accelerated beam. The vacuum control system is based on industrial Programmable Logic Controller (PLC).
The PLC is connected with the Experimental Physics and Industrial Control System (EPICS) framework to integrate the
KOMAC control system.
In this paper, the vacuum control system, which is based on PLC and EPICS, will be
presented. This work was supported by the Ministry of Science, ICT & Future Planning of the Korean Government
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Effect of Electrode Geometry on Ion Dose of Ballistic-mode Plasma Immersion Ion

Implantation
YI Changho, NAMKUNG Won1, CHO Moohyun2
POSTECH, Dept of physics. 1Pohang Accelerator Laboratory. 2POSTECH, Dept of physics and division of advanced nuclear
engineering.
Plasma immersion ion implantation (PIII) is a well-established technique to improve surface properties of materials. Recently,
the PIII which uses ballistic-mode ions made by grid electrodes was reported to improve to modify the surface properties of
insulating film. This configuration is called ballistic-mode PIII, and can avoid arcing problem on the surface of insulating film
due to charging effect, and proper to roll-to-roll process. Although the ballistic-mode PIII was demonstrated experimentally,
the system has not been investigated in detail. In this study, the effect of grid electrode geometry on the ion dose of ballisticmode PIII was investigated. An analytic model was developed for the sheath dynamics and ion distribution around 2-D grid
electrodes, and used with PIC simulations to investigate the effect of grid electrode geometry on the ion dose of ballistic-mode
PIII. The diameter of cylindrical electrode which consists of the grid electrodes and distance between cylindrical electrodes
were chosen as variables. The geometry of the grid electrodes to maximize the ion dose and the resulting ion dose of highenergy ballistic-mode ions are presented.
*This research was supported by National R&D Program through the National Research Foundation of Korea (NRF) funded
by the Ministry of Science, ICT & Future Planning (2009-0082506) and BK21+ program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education.
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Analysis of the X-ray Diffraction of Al- doped CdO Thin Films

JEONG Jin, LEE Bong Ju, YANG So Myung, KIM Young Seok
Chosun University.
X-ray diffraction showed that the crystallinity of the grown thin films increased with increasing oxygen gas flow rate. In this
study, we deposited the thin films by changing the inflowing flow rate of oxygen. Therefore we cannot clearly verify the origin
of the peak but thin films can be considered as CdO peak affected by oxygen, also influence of inflowing oxygen to the thin
films are considered as the cause which change the dominant peak of thin films.
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The effect of power and deposition temperature of Al- doped ZnO Thin Films

JEONG Jin, LEE Bong Ju
Chosun University.
Thin film Al-doped ZnO made up of bimodal grain have been prepared using a r-f spputtering technique change the with
deposition temperature and power intensity. The effect of Al- doped ZnO Thin Films, X-ray diffraction showed that the
crystallinity of the grown thin films increased with increasing deposition temperature and power intensity.
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Characterization and application of high voltage pulsed plasma

PARK Ji Hoon, ATTRI Pankaj, KUMAR Naresh1, HONG Young June, PARK Bong Sang1, JEON Su Nam1, CHOI Eun Ha
Department of Electrical and biological Physics, Kwangwoon university. 1Plasma Bioscience Research Center, Kwangwoon
university.
Characteristics of pulse-discharged plasma in liquid and its biological applications to proteins are investigated by making use
of high voltage 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 rising time of 1 μs. We have applied an input voltage of 6 kV to the each capacitor of 0.5
μF. The high voltage pulsed plasma has been generated inside a polycarbonate tube by a single-shot operation, where the
breakdown voltage is measured to be 7 kV, current of 1.2 kA, and pulse width of ~ 1 μs between the two electrodes of anodecathode made of stainless steel, which are immersed into the liquids. For the investigation of the influence of pulsed plasma on
biomolecules, we have exposed it onto the biomolecules such as amino acids, cholesterol and bacteria. The modification of
amino acids is studied using Liquid Chromatograph Mass Spectrometry and reduction of cholesterol level is analyzed by
chemical kit.Bacterial resistance to beta-lactam antibiotics can be achieved by production of b-lactam-hydrolyzing b-lactamase
enzymes, the utilization of b-lactam-insensitive cell wall transpeptidases, and the active expulsion of beta-lactam molecules
from Gram-negative cells by way of efflux pumps. Thus, the treatments using antibiotics have been ineffective on these drug
resistant bacteria. As an alternative method for replacing antibiotics, plasma therapy has been paid much attention in the
sterilization research. In this study, we have examined the antibacterial activity of Methycilline, Penicillin and Ampicilline
three antibiotics resistance Staphylococcus aureus, of plasm. As the first step of investigation, antibacterial activity of plasma
jet on normal bacterial strains was tested. Further study on inactivation of drug resistant S. aureus associated with several
disease and contamination is on going.
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Numerical Study on the In-Flight Melting and Evaporation Process of a Powder Particle in
Radio Frequency Thermal Plasmas for the Synthesis of Nanocatalyst
SEO Jun-Ho, NAM Jun Seok
Chonbuk National University.
The production of metal and ceramic nanoparticles can be easily achieved by RF inductively coupled thermal plasmas, which
are used as a heat source to melt and vaporize the coarse precursor particles. To understand the behavior of a powder particle
in an RF thermal plasma flow, the numerical calculations were carried out. First, the velocity and temperature fields of
inductively coupled plasma were calculated in the presence of powder carrier gas. Next, the movements and the phase changes
of the individual powder particles were simulated in the plasma fields calculated in advance. For simplicity, it is assumed that
the melting and evaporation of particles doesn’t affect the plasma under low loading conditions. From the numerical results,
the flow rate and velocity of powder carrier gas need to be minimized because the strong injection of carrier gas can reduce the
residence time of the injected particles and can cool down the central column of RF thermal plasma significantly, which is
used as a main path for RF thermal plasma treatment of micro-sized powder.
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Development of an ICP Plasma Ion Source and Experiment on the Beam Extraction

Characteristics
KIM Dong Uk, JANG Dong Young1, CHOI Byung Ho, CHUNG Kie Hyung, SEO Hee Jeong, KANG Won Gu2, PARK Man
Jin2
Korea Accelerator and Plasma Research Association, PTL. 1Seoul Natl. Univ. of Sci. & Tech., MSDE. 2Korea ElectronicsMachinery Convergence Technology Institute, BTC.
An RF ion source has been constructed for studying beam extraction characteristics with the operating conditions. Ion beam of
the RF plasma is extracted through a three-electrode (plasma electrode - extractor electrode - ground electrode) system. A
voltage divider circuit, which consists of eight resistors (10 mega-Ohm each) connected in series, is adopted to adjust the
configuration of equipotential lines on the one hand, and to remove the charges which accumulate on the surface of the middle
electrode on the other hand. A copper disk of 40 mm in diameter is placed 40 mm below the ground electrode in order to
measure the beam current. Measurements of the total ion beam current were made to obtain the performance of the RF ion
source.
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Characteristics of ECR Plasma Source by using Three-Dimensional Particle-in-cell MonteCarlo Collision Simulation
LEE Huijea, KIM Seongbong1, YOO Sukjae1, CHO Moohyun2, NAMKUNG Won3
Dept. of Physics, POSTECH. 1National Fusion Research Institute. 2Division of Advanced Nuclear Engineering,
POSTECH. 3Pohang Accelerator Laboratory.
Particle-in-cell (PIC) simulations with Monte-Carlo Collisions (MCC) are performed in Argon ECR plasmas with a belt-type
magnet assembly (BMA). For considering the limitations of simulation resources and time, the periodic boundary condition is
applied and the coulomb collision is neglected. In obtained simulation results, the spatial distributions of plasma density (ne)
and temperature (Te) have a similar tendency with the experimental data measured by a Langmuir probe. The peak values of ne
and Te in the 1st and 2nd ECR heating zones are in good agreements with theoretically predictions. The drift motion of
electrons in the ECR zone is mainly affected by the diamagnetic drift. The ions are influenced by the ambipolar potential and
the E x B drift.
* This research was supported by National R&D Program through the National Research Foundation of the Republic of Korea
(NRF) funded by the Ministry of Science, ICT & Future Planning (MISP) (2009-0082506), BK21+ program through the NRF
funded by the Ministry of Education, the MISP of the Republic of Korea under the Korean ITER project, and the IT R&D
program of MOTIE/ KEIT. (10041837, Utilizing Technology Development for Oxide Thin-Film Transistor Sputtering
Deposition Equipment on Width 1500mm Flexible Substrates)
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Sheath Expansion Measurement of Thin Metal Wires

KIM Sanghun, YI Changho, NAMKUNG Won1, CHO Moo-Hyun2
Dept. of Physics, POSTECH. 1Pohang Accelerator Laboratory. 2Dept. of Physics and Division of Advanced Nuclear
Engineering, POSTECH.
The plasma immersion ion implantation (PIII) is widely used technique to modify surface properties. The PIII extracts high
energy ions from plasmas by applying a negative high voltage to targets immersed in plasmas. Sheath expansion property is
essential to understand the PIII and to estimate ion dose. Sheath expansion models are well investigated for cylindrical targets
whose radius is much larger than the Debye length. However, further investigation is necessary for thin wire electrodes whose
radius is comparable to the Debye length. Recently, A. Lejarset et al. reported simulation results for the PIII processing of thin
wires whose radius is comparable to the Debye length. They simulated sheath expansion in cylindrical wires of radius of 75
μm to 50 cm based on the sheath expansion model with a fixed pre-sheath developed by Lieberman. But the model considering
transient pre-sheath formation can be a more appropriate model for thin wires. In this study, stable argon plasmas are generated
in a multi-dipole chamber by hot filament discharges. Metal wires of 60 μm radius are immersed in the plasma and a negative
10-kV, 10-μs voltage pulse is applied to the wires. Sheath expansion of thin wires is measured and compared to the sheath
expansion model considering the transient pre-sheath formation.
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Progresses on parallelization for a fluid turbulence code based on the spectral method

TERZOLO Laurent, KIM S.S., KWON J.M.
.
In this study we are interested in fluid turbulence simulations. A common way to deal with this kind of problems is to use
simulation codes based on the spectral method. But three-dimensional spectral simulations may take a long time. Nowadays,
clusters are becoming increasingly popular. Two High Performance Computing (HPC) clusters are available at National
Fusion Research Institute (NFRI). So, a simple way to decrease computation time is to parallelize the code. We present here a
method to parallelize a spectral code. This technique has been applied to the TRB code. TRB is three-dimensional fluid global
code for simulation of electrostatic ion turbulence in tokamaks with reversed magnetic shear. Recently, the code has been
modified in order to study intrinsic rotation and internal transport barrier hysteresis. Several methods for parallelization are
available. The most common are OpenMP and MPI. And, as clusters of shared memory nodes become the dominant parallel
architecture, a new method is emerging - the hybrid programming- using the advantages of OpenMP and MPI. Usually, hybrid
method is used for high scalability work, but in our case the scalability is not an issue. In fact, spectral codes are generally not
adapted because a lot of inter-node communications are needed. Our aim is solely to decrease CPU time as much as possible.
The code has been parallelized using three different approaches: a pure OpenMP, a pure MPI and a hybrid approach. Their
results have been compared. It has been found that by choosing correctly the repartition of the OpenMP threads and MPI cores,
the hybrid method can give good results. And despite the poor scalability of the code due to the communications, the
computation time can be greatly reduced. Finally, the hybrid parallelization has been successfully tested on 2 different
clusters.
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Neutronics Analysis to Determine the Ceramic Breeder Blanket Layers of K-DEMO.

PARK JongSung, IM Kihak, KWON Sungjin, KIM Keeman
DEMO Technology Division, National Fusion Research Institute, Daejeon, the Republic of Korea.
Based on the Fusion Energy Development Promotion Law (FEDPL) enacted in 2007 in Korea, a pre-conceptual design study
for the Korean fusion demonstration tokamak reactor (K-DEMO) has been initiated with the uniqueness of high magnetic field
(BT0 = 7.4 T), major and minor radii of 6.8 m and 2.1 m, and steady-state operation. A water cooled ceramic breeder type
blanket is the main candidate of K-DEMO blanket with the following materials: Tungsten as the first wall, Li4SiO4 as breeder,
Be/Beryllide as multiplier, B4C as shield, ferritic-martensitic steel (RAFM) as structure, and water as coolant. The main goal
of this study is the determination and assessment of suitble materials, components, and their arrangements of K-DEMO
blanket sub-structure. A series of neutronics analyses were performed to determine Tritium breeding ratio (TBR), neutron flux,
nuclear heating, and neutron shielding using the Monte Carlo N-Particle (MCNP) transport code applied on both single blanket
module models and a global model. Single blanket module models were directly coded in MCNP languages while the 3D
global model created from the CAD program was imported into the multi-physics coupling analysis modeling program
(MCAM) developed by Chinese FDS Team, as a step file. A great number of cases were created from the developed MCNP
input generating program and calculated by MCNP code. The feasibility of a global TBR > 1.05 was confirmed by the
preliminary result. The detail results will be presented.
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The Measurements Of Heat Flux Through Thermocouples Of Divertor In KSTAR

,
.
Heat flux measurement at divertor is one of critical issues in ITER. For the monitoring and estimation of the heat flux in
Korea Superconducting Tokamak Advanced Research (KSTAR), arrays of 200 thermocouples (TC) were installed on Plasma
Facing Components (PFCs) at different poloidal and toroidal locations around the torus, and record temperatures every 1 sec.
Due to the systematic limitation such as show response time of TC (~ 1 sec) and large spatial distance between thermocouples,
the heat flux on divertor was estimated by simple calculation concerning the tile volume and heat capacity as time and volume
averaged value.The heat flux at divertor is higher than that at inboard limiter or passive stabilizer by a factor of 2. The heat
flux at lower divertor is higher than that at upper divertor by 3-8 times. It seems that lower-single-null-like configuration was
obtained, despite of the shape control was intended to have up-down symmetric D-shape.Further effects of other controls on
the divertor heat flux were observed: When the in-vessel cryo-pump (IVCP) is operated to control of particle flux at divertor,
the heat flux pattern has changed significantly. The highest heat flux region of central divertor (CD) and inboard divertor (ID)
is moved to inside and heat flux of outer divertor (OD) is decreased by 2-3 times than that without IVCP. The resonant
magnetic perturbation (RMP) is operated to mitigate or suppress of Edge Localized Mode (ELM). As a result, the heat flux on
divertor is decreased from 35 to 26 kW/m2, especially that on CD is decreased by 2-4 times and that on OD is increased by 22.5 times than that without RMP.For the longest H-mode pulse of 22 sec shot, the heat flux of lower OD is 73 kW/m2, which is
the maximum heat flux for a shot obtained in 2013 campaign.As reported in our previous publications [1, 2], the input power
increased through campaigns, the heat flux on divertor has been increased as well. The effects of various plasma controls on
the heat flux reported in this paper give valuable information on the feedback control in combination with survey IR camera
for machine safety.
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Modelling and Analysis of Real Time Control Experiment of Electron Temperature Profile

in KSTAR
KIM H.-S., KIM S.H.1, BAE Y.S.2, JEON Y.M.2, HAHN S.H.2, JOUNG M.2, LEE K.D.2, HAN H.S.2, WOO M.H.2, LEE
T.G.2, YUN S.W.2, NA Y.-S.
Seoul National University, Department of Nuclear Engineering. 1ITER Organization. 2National Fusion Research Institute.
The control of kinetic and safety factor (q) profiles is a critical physics and control issue in operating tokamak devices in socalled advanced tokamak regime, awaiting solution to get much better performance from the plasma. Several dedicated studies
have been attempted to develop a real-time active profile control techniques applicable in future burning plasma operations. A
brand-new approach which enables robust real-time active control of plasma profile has been proposed (S.H. Kim, Nucl.
Fusion 52 (2012) 074002) and recently applied to KSTAR. This approach uses real-time update of static linearized plasma
profile response models developed by simplifying the related physics with the dual assumption of linearity and timeinvariance. In the experiment, the electron temperatures at 5 radial points (control input) are estimated using the real-time
EFIT and the real-time ECE, and 110GHz ECRH system which delivers heating power up to the 0.3MW is used as an actuator
(Multi Input Single Output controller). Commissioning of the first version of controller has been successfully done in KSTAR
2013 experiment campaign and our control experiments have demonstrated its potential for real-time active control of plasma
profile. However, the control target is unreachable in both L- and H-mode discharges. In order to analyze the cause, the
experiment results are modelled by using the CRONOS transport modelling code. This work will help to improve the profile
control performance in KSTAR 2014 experiments. This work will initiate discussions on joint experiments in present devices
and also contribute to the plasma profile control in ITER.
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The Damage Simulation for the 14-MeV Neutron in Fe, Cr and Ni

LEE Bo-Young, OH Joo-Hee, KIM Dong-Woo, KO Seung-Kook, KO Seung-Kook, LEE Hee-Seock1
. 1
.
The irradiation damage for the 14 MeV neutron in Fe, Cr and Ni were simulated using MCNPX/SPECTER code. The dpa
(displacement per atom) values in Fe, Cr, and Ni were calculated for analysis of nuclear damage effect. According to neutron
wall load for ITER design base, the neutron flux of 3.5×1013 neutrons/cm2·sec was applied. The dpa values were simulated as
2.4 dpa/fpy for Fe, 2.4 dpa/fpy for Cr and 2.6 dpa/fpy for Ni. The hydrogen, helium production rates for Fe during one-year
operation were 106 appm, 29 appm, respectively. The hydrogen, helium production rates for Cr during one-year operation
were 97 appm, 53 appm, respectively. The hydrogen, helium production rates for Ni during one-year operation were 269
appm, 115 appm, respectively. For practical experiments, the dpa values from the irradiation damage of 17 MeV proton were
also simulated as 6.5 dpa/fpy for Fe using TRIM code at the same neutron fluences.
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KSTAR Plasma Measurement Result of Thomson Scattering Diagnostic System in 2013

LEE J.H., OH S., LEE W.R., KIM K.P., KO W.H., LEE K.D., CHO K.W., YOON S.W., NARIHARA K.1, YAMADA I.1,
HATAE T.2, YATSUKA E.2
NFRI. 1NIFS. 2JAEA.
Thomson scattering diagnostic is most important diagnostic system to research the tokamak plasma physics because that can
measure electron temperature and density profiles at the same time. For this reason Thomson scattering diagnostic system was
installed at KSTAR on 2009 for the first time [1]. Until 2013, KSTAR Thomson scattering diagnostic system was gradually
upgraded and developed step by step. In the 2009 measuring points were 5 and commercial Nd:YAG Laser (10Hz, 2J)was
used. In 2012, proto-type ITER Edge Thomson scattering Laser (5J, 100Hz ; rented from JAEA, Japan) was installed and
measured electron density profiles and temperature profiles for the first time in KSTAR, even though only a few plasma shots.
The conditions of these measurements were 2.5J laser energy, 100Hz repetition rates and 17 measuring points. In 2013,
through the laser maintenance, laser was operated with normal (5J, 100Hz) condition. But during the Thomson scattering
signal measurements, core DAQ system was abnormally operated. For these reason, only edge signal was measured and
analyzed in 2013. In this poster we will shows KSTAR plasma edge profiles measured by Thomson scattering and compared
with another profile measuring diagnostics results such as ECE, CES et al and will discuss about validation of Thomson profile
data and future upgrade plan. References:[1] J.H. Lee et al, " Development of KSTAR Thomson scattering system", RSI
81, 10, 10D528 - 10D528-4 (2010).
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A Free-Boundary Tokamak Equilibrium Solver, TES, And Its Application To Design Of
Plasma Shape Controller For KSTAR
JEON YoungMu
National Fusion Research Institute.
A free-boundary tokamak equilibrium solver (TES), which has been developed with a special purpose of facilitating a design
work of plasma equilibrium controllers for KSTAR, is briefly described. Radially or vertically elongated plasma equilibria that
are naturally unstable to a small positional perturbation are discussed and shown to be numerically stabilized by applying a
feedback algorithm that is used in real experiments. A new approach to design a decoupled plasma shape controller is
introduced, which naturally includes the deformable plasma equilibrium response by using the free-boundary equilibria with
specified plasma boundary. It shows that this new approach is simple and intuitive, and directly forms the decoupled shape
controller without an additional mathematical manipulation. Furthermore, a feasibility of forming a snow-flake (SF)
equilibrium in KSTAR coil configuration is discussed.
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Rotation pedestal behavior during the ELM suppression phase by the resonant magnetic
perturbations in KSTAR*
KO Won-Ha, JEON Y.M., LEE H.H., IDA K.1, LEE K.D., YOON
S.W., LEE J.H., BAE Y.S., OH Y.K., KWAK J.G.
National Fusion Research Institute. 1National Institute for Fusion
Science.
The recent tokamak research has been emphasizing that the plasma
rotation plays an essential role in determining transport which is related
in rotation shear and stability which is affected by increased rotation [1,
2]. The measurement of rotation velocity profiles with the high spatial
resolution plays an important role in understanding the behavior of
plasma especially for the edge transport barrier region.Magnetic
perturbations make not only ELM disappeared but also toroidal rotation
from the charge exchange spectroscopy (CES) decreased on KSTAR.
We compared the toroidal rotation profiles between during ELM and
during ELM mitigation. The whole toroidal rotation during ELM is higher than that during mitigation or suppression by RMPs
that is similar with ELM crash case as shown in figure. The ELM related rotation dynamics and its physics will be further
investigated including the temperature.*This work was supported by the Korean Ministry of Science, ICT and Future Planning
of Republic of Korea.
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The upstream radial profiles of plasma parameters in the scrape-off layer (SOL) region are measured by using a fast
reciprocating Langmuir probe assembly (FRLPA) at the outboard mid-plane in KSTAR. The plasma density and electron
temperature gradient scale lengths lne and lTe are obtained from fitting of exponential function to the radial profiles near the last
closed flux surface (LCFS) during ohmic, L-mode and H-mode discharges. The SOL widths of heat flux lq are also evaluated
from the radial profiles by assuming Ti = Te and the sheath heat transmission coefficient as g = ~ 7, and the SOL width can be
estimated by using the gradient scale lengths. The dependences of the SOL width and gradient scale lengths on plasma
parameters such as plasma density, plasma current and elongation are investigated in ohmic and L-mode plasmas for BT = ~
2.0 T. The value of lq is 0.4 -1.3 cm in H-mode plasmas with experimental conditions at BT = ~ 2.0 T, Ip = 0.6 - 0.63 MA, ne =
3.3 - 3.7 ´ 1019 m-3, PNB = ~ 1.36 MW and k = 1.8 - 1.9. The SOL width are compared with those estimated from the multimachine scalings of divertor power width already reported in other tokamaks [1,2]. Here, the probe data for inter-ELM during
the FRLPA measurement are selected in the comparison for the H-mode plasmas. In addition, the SOL width in H-mode
plasma is also compared with value obtained by using the heat flux evaluated from the thermocouple measurement and the
thermal analysis on the IR TV images at the divertor, and the divertor heat flux is benchmarked by using the scrape–off layer
plasma simulation (SOLPS) code. In this work, the preliminary results from the experimental investigations will be presented.
[1] M.A. Makowski et al., Phys. Plasmas 19 (2012) 056122.[2] A. Scarabosio et al., J. Nucl. Mater. 438 (2013) S426.

P3-H050
,

Mitigation of first mirror by the gas-flowing
,

1,

,
. 1
,
.
Front end optics, in International Thermonuclear Experimental Reactor(ITER) need protection for accurate and reliable
measurements of a wide range of optical plasma parameters. We suggest a protection system by gas-flowing in front of first
mirrors. To simulate the system Au beem was used for tungsten impurity particles Noble gases were flown perpendicularly the
impurity beam. We measured the cross section of effusive Au beam with noble gases in a perpendicular geometry by the
quartz crystal microbalance (QCM). As a result of the increased collision probability, the deflection ratio of Au beam in the
noble gases is measured to be enhanced for the Au flux. And the effective cross section for the collision between Au and noble
gases (Ne, Ar, Xe) is measured to increase in noble gas size. In our results, we saw the possibility of protection by gas-phase
collision.

P3-H051*

The effect of particle and heat diffusion on the SOL region

SHIM Seung Bo, KOTOV Vladislav1, HONG Suk-ho2, KIM Jin Yong2, LEE Hae June
Pusan national university. 1Fz-Juelich. 2NFRI.
Simulation and modelling are familiar method to analyze the tokamak plasma. Many simulation codes are used for the study of
SOL-divertor region like Edge2D, UEDGE and SOLPS. SOLPS(B2-Eirene) is most famous codes in this area. SOLPS4.3 is
the well-known B2-Eirene code package which is used for ITER divertor design. This code comprises the 2D multi-species
fluid plasma code B2 and 3D Monte-Carlo particle solver Eirene coupled self-consistently. Simulation conditions are given by
baseline operation conditions for KSTAR. Almost of simulation assume the heat and particle diffusivity, because it is not easy
to measure the values of the entire plasma region. The main focus is on studying the sensitivity of particle and heat diffusivity
on the SOL-divertor region. Ion particle flux and heat flux on the divertor is decreased by two times maximally.
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P3-H055

Ion Temperature Measurements using Visible Spectroscopy on KSTAR

SON S. H, HONG S. H, JUHN J. -W, KO J. S, NA H. K, PARK K. R
National Fusion Research Institute, Daejeon, Korea.
Edge plasma parameters in a tokamak are of great importance for the research on plasma-surface interactions at the plasma
facing components. Visible spectroscopy is one of widely used techniques to measure such parameters such as plasma density,
temperature etc. A visible spectrometer with high resolutions has been installed on the Korea Superconducting Tokamak
Advanced Research (KSTAR). It is based on a Czerny-Turner monochromator – spectrometer (f/1.33) and 1800 groove/mm
grating. It is clearly seen that the high spectral resolution (0.008 nm/pixel) allows one to distinguish CII spectral lines with
wavelengths 658.705 nm and 658.288 nm. Carbon ion temperatures in the KSTAR edge plasmas have been estimated by
analyzing the Doppler broadening of visible wavelength atomic spectral lines around 658 nm. The CII emission spectrum is
reconstructed with two Gaussian functions centered at the wavelengths mentioned above. Preliminary results show that the ion
temperatures are in a range between 10 – 25 eV, which are reasonable values at the plasma edge. For more precise
measurements, the instrumental broadening of the spectrometer has to be determined in the given range of wavelengths. In this
year campaign, CII ion temperature will be measured for monitoring change according to toroidal position by the multichannel setup.

P3-H056*

Optimum Design Parameters of Neutral Beam Injection in VEST

KIM SangKyeun, NA DongHyeon, LEE JeongWon, YOO Min-Gu, NA Yong-Su
Seoul National University, Department of Nuclear Engineering.
Neutral Bean Injection (NBI) is one of main methods for plasma heating and current drive by injecting fast neutral particles
into a tokamak. Versatile Experiment Spherical Torus (VEST), recently constructed at Seoul National University [1] considers
NBI as a heating tool to access H-modes. As the heating and current drive efficiency of NBI strongly depends on design
features of a specific device, design parameters of NBI needs to be studied based on characteristics of VEST for optimum
heating and current drive. In this study, the optimum design parameters of NBI in VEST are investigated. Firstly, we perform a
zero dimensional analysis [2] and found some constraints of the design parameters of NBI for VEST. Secondly, we make a 1.5
dimensional analysis with a transport code, ASTRA, with NBI modules [3, 4] to obtain more accurate design parameters by
considering the plasma response to NBI. Global agreement was found but differences were observed between the 0-D analysis
and the 1.5-D transport analysis. This difference was investigated focused on the transport model [5] and the NBI module.
Finally, we suggest optimum design parameters of NBI in VEST based on above discussions. [1] K.J. Chung et al 2013
Plasma Sci. Technol. 15 244 [2] H. S. Thomas et al 1971 Heating of Toroidal Plasmas by Neutral Injection [3] A. Pankin et al
2004 Numerical techniques used in Neutral Beam Injection modules [4] A.C. Riviere et al 1971 Nucl. Fusion. 11 363 [5] D.
Stutman et al 2006 Phys. Plasma. 13 092511

P3-H057

Global Particle Balance of 2013 KSTAR Experiments

JUHN June-Woo, SONG J. I., HAN H. S., LEE H. M., KIM Y. O., HAHN S. H., KIM K. P., HONG S. H.
National Fusion Research Institute.
Global particle balance in KSTAR plasmas and vacuum vessel has been investigated for the entire 2013 plasma experiments.
Before the plasma experiments, fueling sources are cali- brated in vacuum vessel without plasmas in terms of injected number
of deuterium molecules or atoms in each control variable: voltage and period of gas puffing (GP), duration of rectangu- lar
pulses of Supersonic molecular beam injection (SMBI) and both fueling and beam particles of neutral beam injection (NBI)
which begins operating with two ion sources in 2013. Fueling ratio F ≡ Np/sum(Φ) will be presented in various discharge
conditions such as NBI-heating and ohmic discharges, where Np is the number of plasma contents measured by an
interferome- ter and sum(Φ) is integration of entire fuels in each discharge including NBI and SMBI. Particle retention rate
will be presented together under those conditions including daily variations.

P3-H058*

Localized Fast Ion Loss by Resonant Magnetic Perturbation in KSTAR

KIM Jun Young, RHEE Tongnyeol1, KIM Junghee1, YOON S. W.1, OGAWA K2, ISOBE M2
University of Science and Technology. 1National Fusion Research Institute. 2National Institute for Fusion Science.
Resonant magnetic perturbation (RMP) is the most promising method to mitigate or suppress the edge-localized mode (ELM)
[1] in tokamak plasmas. However, during the KSTAR plasma experimental campaign, increase or decrease of fast ion loss at
the toroidally localized position during application of the RMP has been observed by a scintillator-based fast ion loss detector
(FILD) [2]. It is revealed that localized loss position along the toroidal direction and loss rate depend on both the toroidal
phase of the RMP field and the RMP coil current strength. Also it shows that fast ion orbits is sensitive to the direction of the
perturbation field that is superposed to the magnetic equilibrium. In order to validate the loss pattern on the toroidal location,
full-gyro orbits of the fast ions injected by neutral beam injection (NBI) have been followed under the superposed external
vacuum perturbation field by the various RMP conditions using the three-dimensional version of the Lorentz-orbit (LORBIT
[3]) code. Experimental and modelling results on the toroidally localized (asymmetric) fast-ion loss pattern coincide with each
other.
[1] Y. M. Jeon et al., Phys. Rev. Lett. 109, 035004 (2012)
[2] J. Kim et al., Rev. Sci. Instrum. 83, 10D305 (2012)
[3] M. Isobe et al., J. Plasma Fusion Res. SERIES, Vol. 8, 330 (2009)
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P3-H060

Thermo-mechanical analysis of W-monoblock with ANSYS

SEON SangWon, SONG JaeHyun, KIM KyungMin, HONG SukHo
.
The divertor acts as an exhaust for the tokamak reactor. The main function of the divertor is to remove heat flux coming from
the plasma, and it has to withstand heat flux up 20 MW/m2. Furthermore, to keep minimal possible damage on the Plasma
Facing Components (PFCs) structure, evaluation on the material properties and design analysis of divertor structure are of
critical importance.(KSTAR) is a full graphite machine equipped with ~3400 graphite tiles. In next generation of fusion
machines like ITER and DEMO, W PFCs are required due to much higher heat flux. For long term durability, thermal fatigue
and degradation must be considered. Authors have studied corresponding issues under ITPA Div/SOL task. According to
Litnovsky et al. and Hermann et al., the surface temperature is estimated to reach 1600 °C. with a heat load of 10 MW/m2.We
plan to carry out numerical studies to follow ITER technology and to apply the findings to KSTAR long term upgrade plan.
KSTAR will have full tungsten first wall at the end of its operation phase 2. In this paper, we introduce first results obtained by
ANSYS analysis as the initiation of the activity.

P3-H061

Theory of Obliquely Propagating Shock-like Structures in a Magnetized Plasma

KIM Seung-Shik, KIM Tae-Han
WCDN, Dept. CRE-Science.
Theoretical investigation of obliquely propagating Shock-like Structures(SLSs) are performed in a magnetized plasma, which
consists of a positively charged ion fluid and trapped, as well as free electrons. Using Sagdeev’s pseudopotential technique,
Shock-like Structures(SLSs) solution, which is associated with a set of nonlinear eigenvalue conditions, is presented. These
solutions are the analytic extensions of the monotonic double layer and shock structure. And the 3-dimensional mK-dV
equation for the Shock-like Structures(SLSs) is also derived by the usual reductive perturbation technique. The effects of
physical parameters of these structures are discussed.

IG-01*

Generating Globally Enhanced Chiral Field Using Negative-Index Metamaterials

YOO SeokJae, CHO Minhaeng1, PARK Q-Han
Department of Physics, Korea University. 1Department of Chemistry,
Korea University.

IG-02

Correlation Singularity in the Beam-Wandered Model

.
We examine the structure of correlation vortices for the Laguerre-Gauss beam of order $n=0$, $m=2$ in the transverse
plane.The two radial variables in the cylindrical coordinates of the spectral densitiesin the beam-wandered model form two
sets of hyperbola for the correlation singularitiesin the order.

IG-03

Dynamic Mathematica Platform Presenting Waves Through the Polarizers and Wave
Plates Realized with Jones Vectors
HEE-JOONG Yun, YONG-DAE Choi1, BOKYEONG Kim2
ReSeat Progran, KISTI. 1Department of Microbiology & Nanomaterials. 2Department of Astronomy and Space Science,
Chungnam National University,.
The fundamental concept of polarization propagation modes of the electromagnetic waves understands newly as the cardinal
keyword in the age of speed transport technology and Standard Model in modern Physics. The propagation mechanism of the
polarized electromagnetism and its helicity has received attention accordingly in the modern technology and science. We
demonstrate the dynamic polarization platform presenting various propagation modes of an optical wave through polarizers
and wave plates with $Mathematica$. In the platform, we will confirm the propagation modes mechanism satisfying the
Maxwell's two vector equations graphically in realizing the Poynting vector to the time domain vector functions in Graphics3D
scheme.

IG-04

THz Near-field Spectral Encoding Imaging With Rainbow Metasurface Filter

1,
,
,
. 1
,
.
We demonstrate spectral encoding imaging in THz range. To do this, we
devise a metasurface filter which is composed of band-pass filters and
each filter is arranged for the center frequencies of the band-pass filters
to be proportional to the vertical position of the whole filter like a
rainbow. For imaging, the object is placed in front of the rainbow filter,
and broadband THz pulses pass through both filter and object. The
spectral information of the transmitted waves denotes the image
information of the object, so reliably 2D images are reconstructed with
only 1D data acquisition processes.

,

,

,

IG-05

Interference Effect in Momentum and Energy in Partially Coherent Electromagnetic
Waves due to Polarization and Magnetization
LEE Jinhyung, KIM Sun Myong
.
We derived the conservations of momentum and energy in partially coherent electromagnetic wave fields in a unified
perspective. We find that there is the interference between the radiations from polarization and magnetization sources in the
momentum flow. The interference effect can be non-negligible in the momentum flow even for a weak magnetization. We
show the non-negligible interference effect in an example by observing the angular distribution.

IG-06

1/4

,

Yb:YAG

,
.
1/4

Yb:YAG

.
.

1/4

.

IG-07*

High Efficiency, High Energy, CEP-Stabilized Infrared Optical Parametric Amplifier

GENG Xiaotao, LING Weijun1, GUO Shuyan2, WEI Zhiyi2, KRAUSZ F.3, KIM D.4
Physics Department, Center for Attosecond Science and Technology, POSTECH, Pohang, Kyungbuk 790-784, South Korea;
Max Planck Center for Attosecond Science, Pohang, Kyungbuk 790-784, South Korea. 1Physics Department, Center for
Attosecond Science and Technology, POSTECH, Pohang, Kyungbuk 790-784, South Korea; Department of physics, Tianshui
Normal University, Tianshui, 741001, China. 2Beijing National Laboratory for Condensed Matter Physics, Institute of
Physics, Chinese Academy of Sciences, Beijing, China. 3Max-Planck-Institut for Quantum Optics, Hans-Kopfermann-Str.1, D85748 Garching, Germany; Department for Physics, D-, Ludwig-Maximilians-Universit, Am Coulombwall 1, D-85748,
Garching, Germany. 4Physics Department, Center for Attosecond Science and Technology, POSTECH, Pohang, Kyungbuk
790-784, South Korea;Max Planck Center for Attosecond Science, Pohang, Kyungbuk 790-784, South Korea.
Powerful carrier-envelope-phase (CEP) stabilized pulses that are tunable in the visible and/or near infrared spectral range are
of special interest due to potential applications to nonlinear optics, ultrafast spectroscopy and attosecond spectroscopy. Optical
parametric amplification (OPA) represents the most promising approach to achieving this goal. CEP stabilization is
indispensable for optical frequency synthesis, precision attosecond metrology, spectroscopy, and control. Active and passive
technologies have been developed for producing CEP-controlled pulses. We report a tunable near-infrared OPA system, with
an unprecedented (pump to signal) conversion efficiency of 34%, CEP stabilization and easy tuning. A white-light continuum
produced by a CEP stabilized laser is seeded into the two stages of the type II OPA system. We opted for type II phase
matching owing to its favorable conversion efficiency. A pulse energy of up to 138 μJ at 1350 nm has been obtained at a pump
energy of 407 μJ. This corresponds to a pump-to-signal conversion efficiency of 34%, which is (to our knowledge) the highest
conversion efficiency in two-stage NOPA efficiency ever reported for broadband optical parametric amplification. The CEP
jitter of amplified signals was measured to be 117 mrad by a spectral interferometry based on f-2f principle, the
characterization of this system will be presented on detail.

IG-08*

Spectro-angular Light Scattering Measurements of Individual Micro-sized Objects

,
KAIST
.
We present the novel technique that measures spectro-angular light scattering of individual microscopic objects. Using
spectroscopic quantitative phase microscopy and Fourier transform light scattering, the 2D angle-resolved light scattering
intensity and phase signals are measured within a wavelength range of 450-750 nm and an angular range of –70-70°. The
spectro-angular light scattering measurements of individual 3 μm polystyrene beads are demonstrated with high sensitivity and
precision and the results were confirmed by Mie theory. The spectrally and angularly broad detection ranges of this technique
enable experimental observations of the correlation-induced spectral shift, also referred as Wolf shift.

IG-09*

Terahertz polarization spectroscopy of an organic material in a sub-wavelength-scale

metal slit
JO HanLae, LEE KangHee1, HAN Daehoon, AHN Jaewook
Department of Physics, KAIST, Daejeon 305-701, Korea. 1Department
of Mechanical Engineering, KAIST, Daejeon 305-701, Korea.
Terahertz (THz) time-domain spectroscopy probes the polarization
dependence of the spectral response of alpha-lactose confined in single subwavelength-scale metal slits. The resonant
absorption line of the material at 0.53 THz appears strongly coupled with the polarization state of incident THz waves. THz
waves parallelly polarized with respect to the slit orientation does not electrically interact with the material at the subwavelength scale of the slit width, and, as a result, the absorption line completely disappears. In the context of Bethe’s subwavelength diffraction and Bouwkamp's near field calculation, it is understood that the far-field wave diffracted from a subwavelength-scale aperture is dominantly originated from the magnetic near field, not from the electric near field. On the other
hand, waves perpendicularly polarized with respect to the slit orientation strongly interact with the material, simply
because waveguide mode exists with field enhancement near the slit. Field near the slit depend on polarization represent
below. a) THz wave parallelly polarized with respect to the slit orientation including decay. b) THz wave perpendicularly
polarized with respect to the slit orientation.

IG-10

Flip chip White LED PKG for angular color homogeneity applying imprinting

technologies
PARK Seung Hyun, LEE Gye Seon1, RYU Sang Wan2
Korea Photonics Technology Institute, Department of Physics, Chonnam National University. 1Korea Photonics Technology
Institute. 2Department of Physics, Chonnam National University.
This study presents “imprinting phosphor silicone structure” LED Package and packaging processes. The imprinting silicone
structure is employed as the white conversion processes. The current white conversion process of problem in LED Package is
improved yield. In order to solve this problem, imprinting silicone structure LED package process is proposed. LED package
process method is as follows. To make LED chip size’s silicone material including phosphor, we used to Si wafer. Si wafer
molding structure makes the deep etching process using injection molding process with the appropriate thickness. Silicone
structure is consisted of tray the same size of the LED chip of the phosphor weight percent and specific thickness to make
white conversion. Imprinting silicone structure of the evaluation system is consisted of stabilized LED light source and the
lumen detector on the moving stage. Use it, silicone structure for LED devices after completion of a combination of color
temperature and color coordinates. Imprinting silicone structure is able to determine the dimension and thickness, and
phosphor fraction, so that, in the packaging process of manufacturing will be able to improve process yield.
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Speckle noise elimination with axial averaging

JEON Philjun, BAE Yoonsung1, KIM Dugyoung
. 1
.
Digital Holography and Digital Holographic Microscopy (DHM) are very useful tool for acquiring quantitative phase
information of the sample, that enables us the estimation of the thickness or volume of the sample. However, they have
intrinsic speckle noise which caused by the coherence nature of the laser source, that results in degradation of the images.
Spatially distributed speckle noise cannot be eliminated by conventional time averaging of series images. In order to suppress
the speckle noise, we acquired serial holograms along the axial direction, then the axially obtained serial images are
numerically re-focused on the focal plane of the microscopy by using auto-focusing algorithm. We demonstrate that the
spatially averaged of the re-focused images reduces the speckle noise without losing the sample information.
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IG-14

Jitter Measurement of Angle between Polygon Mirror Facets.

,
.
Polygon scanner is a polygon mirror rotated by motor. It is needed in
various industrial uses like printer and barcode etc. Like other laser
scanner, for ensure clean imaging or precise scanning, timing jitter is
important factor in evaluating polygon scanners. With other element
causing timing jitter like flatness of polygon mirror, jitter of angle
between polygon mirror facets affect to timing jitter. Setup for this jitter
measurement is designed to operate in the state that polygon mirror is on
the polygon scanner motor, assumed that the jitter of motor rotation is
negligible. This setup is made up of 635nm fiber pigtailed laser, simple
optics system, photodiode circuit and high speed sampling digitizer.
When polygon scanner is scanning 635nm laser, scanned laser light is
detected by photodiode and then this signal is saved by digitizer with 2Ga/s sampling rate and a million record length. Jitter of
angle is calculated from jitter of time between this signals.
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IG-16*
,

Dispersion Measurement of a Fiber Bundle Using Two Photon Absorption
,
.

Interferometry is widely used for measuring dispersion of a short
waveguide. We didn't use interferometry but used grating pair and
optical nonlinear effects. After chirped pulse amplification, the pulse
width is controlled by changing the distance between two gratings. Two
photon absorption in GaP detector and second harmonic generation in
PPLN varies depending on the pulse width. By measuring the difference
between each maximum positions, we can obtain the dispersion
coefficient.

P1-I001

Phase Measurement Without Unwrapping Using Dual Illumination

KIM Dug Young, TAYEBI Behnam, JAFARFARD Mohammad
Physics department of Yonsei university.
We propose a common path phase imaging technique for measuring high phase transparent objects without using unwrapping
process. A grating between a laser and the object is used to make beams with different angle, which determines the
measurement range of the microscope. The grating pitch and magnification of the lens system before the sample affect the
angle. The interference pattern is constructed at CCD plane and convey information of the sample. The ability of this technique
is demonstrated by reconstructing phase of a transparent step object with optical path length difference 500 times more than
the laser wavelength. The phase is successfully reconstructed without using unwrapping algorithms.

P1-I002*

CUPC/Si bilayer

THz

PARK Jun Mgin, YOO Hyung Keun1, HWANG In-Wook1, LEE Joong Wook
Chonnam National University, Department of Physics. 1Advanced Photonics Research Institute, GIST.
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P1-I003*

Stem cell differentiation fluorescence lifetime imaging of 3T3-L1 cell to adipogenesis on

single cell scale
,
.
In the obesity research field, adipocyte is a main key point for demonstration of differentiation conditions and processes.
Adipocytes also work as regulators of whole-body energy homeostasis by secreting several proteins that regulate processes as
diverse as haemostasis, blood pressure, immune function, angiogenesis and energy balance. In this paper, we used 3T3-L1 cell
which are well known cell line to lipid research and widely using for studying adipogenesis because it can differentiate into an
adipocyte-like phenotype under appropriate conditions. We suggest an effective fluorescence lifetime imaging technique
which cans easily monitoring lipid droplets differentiation processing. For specific attaching of dye to lipids, we used Nile red
dyes in 3T3-L1 cells. Fluorescence lifetime images were taken for 2 weeks during differentiation procedure of 3T3-L1 cells
into adipocytes. We used 488 nm pulsed laser with 5MHz repetition rate and emission wavelength is 520 nm of Nile Red
fluorescent dye. Results clearly show that the fluorescence lifetime of Nile red in lipid droplets are indicate differentiation
phase in cell membrane. Our results suggest that fluorescence lifetime imaging can be a very powerful tool to monitor lipid
droplet formation in adipocytes from 3T3-L1 cells.

P1-I004*

Biosensor For Diagnosising Lung Cancer Based On Anodic Aluminum Oxide Chip

KIM Sae Wan, LEE Sang Won, LEE Jas Sung, KIM Ju Seong, KANG
Shin Won
School of Electronics Engineering College of IT engineering,
Kyungpook National University, Sankyuk-dong Bukgu 702-710 Daegu,
Rep. Korea.
This study is about Anodic Aluminum Oxide optical-biosensor chip for
detecting lung cancer biomarker (SAA1). This device use Localized
Surface Plasmon Resonance (LSPR) and Optical Interference
phenomenon. This device was fabricated by two-step anodization and a
thin Au layer was deposited on the chip. Gold-deposited chip represents
LSPR and optical interference phenomenon. We fabricated the chip that
has pore over 100 nm. For verifying sensitivity, we observed the change
of reflecting wavelength according to various refractive index. The
experiment shows that increment of the pore-size triggers the increment of sensitivity. And then we applied this chip to
biosensor for detecting lung cancer biomarker (SAA1). The antibody was immobilized by Self-Assembled Monolayer (SAM)
on the chip. And we injected antigen on the immobilized antibody surface. The peak of reflected wavelength was shifted. The
maximum sensitivity of this sensor chip is 1534 nm/RIU. In case of biosensor, the larger concentration of antigen, the larger
wavelength shift was also observed.
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P1-I006

Dual Wavelength Diffraction Phase Microscopy for Real-time Measurement of Refractive
Index and Thickness
KIM Dug Young, JAFARFARD Mohammad Reza, TAYEBI Behnam
Physics department of Yonsei university.
We present dual wavelength diffraction phase microscopy (DW-DPM) for real time measurement of both refractive index
and morphology of samples. We used the concept of diffraction phase microscopy (DPM) which has the benefits of
millisecond acquisition rates because it is an off-axis technique and sub-nanometer temporal sensitivity (frame to frame phase
shift), owe to common path interfrometry. Significantly, this system needs less computation work and simpler optical setup
than digital holography microscopy. The potential of this technique for the simultaneous measurement of refractive index and
morphology is demonstrated by accurate measurement of an optical fiber and a silica bead.

P1-I007*

Terahertz conoscopic detection of interference figure of R-cut sapphire

DAEHOON Han, HANLAE Jo, JONGSEOK Lim, JAEWOOK Ahn
KAIST, Department of Physics.
Conoscopic interference pattern or interference figure are routinely
used in
optical
mineralogy
to probe uniaxial or biaxial
birefringent materials. Here we present terahertz (THz) conoscopic
study of interference figure of uniaxial birefringent sapphire carried out
with a femtosecond laser-based THz time-domain spectroscope (THzTDS). Because the time-domain signal of a THz sub-picosecond pulse
measured in THz-TDS provides simultaneous information of the spectral
amplitude and phase in the broad frequency range from 0.2 THz to 1
THz, the interference color figure of the given frequency range becomes readily available all at once. Figures show the
interference figure of R-cut sapphire obtained at 0.8 THz from numerical simulation.

P1-I008*

Broad tunability of a Femtosecond Optical Parametric Oscillator using MgO-doped
Stoichiometric LiNbO3
JEONG Tae Young, YEE ki ju
Chungnam National University, Department of Physics.
We demonstrate a broad tunability of a femto-second optical parametric oscillator (OPO) based on MgO-doped
Stoichiometric lithium niobate (PPMgSLN), which is synchronously pumped by a Kerr-lens mode-locked Ti: sapphire laser.
We described on the use of a pair of prims to provide negative group velocity dispersion for compensating the group velocity
dispersion. Through optimizing the parameters; PPMgSLN period and pump wavelength, we could obtain the signal output
being continuously tunable from 1.09 um to 1.60 um by changing the cavity length while other parameters are fixed. The
maximum signal output power was around 350 mW with 1.8 W pumping, and the pulse duration was measured to be around
130 fs.
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Extraction of Optical Constants Using Multiple Reflections in the THz Emitter-sample
Hybrid Structure
HAN Jeong Woo, HAMH Sun Young, KIM Tae Heon, LEE Kyu-Sub, YU Nan Ei1, KO Do-Kyeong2, LEE JongSeok
Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST), Gwangju 500-712, Republic
of Korea. 1Advanced photonics Research Institute (APRI), Gwangju Institute of Science and Technology (GIST), Gwangju
500-712, Republic of Korea. 2Department of Physics and Photon Science and Advanced photonics Research Institute (APRI),
Gwangju Institute of Science and Technology, Gwangju (GIST) 500-712, Republic of Korea.
Whereas optical constants are extracted from the reflection-based experiments for non-transmitted sample, far-infrared and
THz experiments usually suffer from troublesome problems in designing focusing optics around the sample due to the long
wavelength nature of light. In this work, we demonstrate a new method overcoming such obstacles which exploits multiple
reflections in a THz emitter-sample hybrid structure. We are going to introduce details of experimental set-up implemented in
conventional THz time-domain spectroscopy and data analysis procedures to extract optical constants from temporally
resolved electric field profiles of multiply reflected light. Also, we will show that the optical constants obtained for the doped
semiconductors and noble metals are in good agreement with reported values.

P1-I018*

Admittance Matching Analysis Of Perfect Absorption In Ultra-Thin, Unpatterned Films

HWNAGBO Chang Kwon, BADSHA ALAMGIR, JUN Young Chul
Inha University, Dept. of Physics.
We perform a detailed analysis of perfect absorption in ultra-thin,
unpatterned films by invoking admittance matching conditions. We
consider a single, absorptive layer coated on a reflective substrate and investigate perfect absorption for normal and oblique
incidences of light. For normal incidence, it is found that we need larger optical losses as the film gets thinner. But, for oblique
incidence, perfect absorption can be achieved even for very small loss especially around the epsilon-near-zero frequency of the
film. We demonstrate this in two different configurations of oblique incidence (Berreman and ATR configurations). We show
that perfect absorption involves critical coupling to TM modes existing in ultra-thin films. We also evaluate actual light
absorption and the electric field distribution in ITO films using the transfer matrix method, and show that it agrees well with
our analytic theory. Finally, we present a versatile diagram that visualizes the admittance matching process in thin film
structures. Our work enhances a physical understanding of perfect absorption and provides design principles for various thin
film devices, such as sensors, optical modulators, and thermal emitters. Fig. (a-c) The numerical and analytical plots of
absorption as function of incidence angle and wavenumber for 39.35, 47.06 and 100 nm thickness of ITO in [Glass|ITO|Air]
structure. (d-f) The same plots for 18.95, 31.22 and 46.50 nm thickness of ITO in [Glass|ITO|Ag] structure.Reference:1. Simon
Marquier and J. J Greffet, OPTICS EXPRESS 23971, Vol. 20, No. 21 (2012).

P1-I019

Optical Properties Characterize Of Different Thickness Pt Films Deposited By Ion Beam

Sputtering
ZHOU Ming, YOON Junho, KIM TaeYoung, HWANGBO Chang
Kwon
InHa University, Department of Physics.

Spectroscopic Ellipsometry measurement in UV to NIR
region (0.25-1.2 μm) is carried out to characterize the
optical properties of nanometer pt films. The samples are
prepared on Si substrate by Ion Beam Sputtering deposition
method. The film reflectivity is obtained by
spectrophotometer, and the element content is obtained by
the MicroXRF Analysis. The lorentz oscillator and Drude model is used to fitting the Spectroscopic
Ellipsometry experimental data. It is found that both the reflectivity and optical constant are sensitive to
the variation of film thickness, and the evolution of optical constant trend to stable as the film thickness
reach up to about 15nm.

P1-I020
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P1-I024

The study of change in spontaneous emission rate in organic molecules nearby a
hyperbolic metamaterial
LEE Kwang Jin, KIM Eunsun, WOO Jaeheun, GWON Minji, LEE Minyung1, KIM Dong Wook, RIBIERRE J.-C.2, WU J. W.
Department of Physics and CNRS-Ewha International Research Center, Ewha Womans University, Seoul,
Korea. 1Department of Chemistry and Nanoscience, Ewha Womans University, Seoul, Korea. 2Center for Organic Photonics
and Electronics Research, Kyushu University, Fukuoka, Japan.
Hyperbolic metamaterials are subwavelength metal–dielectric structures similar to an indefinite media, and their diagonal
elements of the dielectric permittivity tensor along two principal axes have opposite signs. These different signs of dielectric
constant components result in the hyperbolic dispersion relation rather than elliptical dispersion relation shown in a
conventional dielectric media. Consequently, the photonic density of states in hyperbolic metamaterials can be much higher
than that in conventional media. Large number of photonic density of states in a hyperbolic metamaterial substantially
modifies the behavior of photons such as spontaneous emission rate in the vicinity of the hyperbolic metamaterial. In our
study, we demonstrate a decrease in the spontaneous emission life time for perylene molecular layer placed in the vicinity of
an transverse negative hyperbolic metamaterial structure by measuring the photoluminescence decay-time n a time-correlated
single photon counting (TCSPC) setup. Our multilayer hyperbolic metamaterial samples consisted of 8 layers of silver (Ag)
and alumina (Al2O3) on a glass substrate. The layer thicknesses are each 10 nm. We also measure the spontaneous emission
life time with different numbers of layers of multilayer hyperbolic metamaterials and observe a decreasing in the spontaneous
emission life time as the number of layers increases.

P1-I025

Flip chip White LED PKG for angular color homogeneity applying imprinting

technologies
PARK Seung Hyun, LEE Gye Seon1, RYU Sang Wan1
Korea Photonics Technology Institute, Department of Physics, Chonnam National University. 1Korea Photonics Technology
Institute.
This study presents “imprinting phosphor silicone structure” LED Package and packaging processes. The imprinting silicone
structure is employed as the white conversion processes. The current white conversion process of problem in LED Package is
improved yield. In order to solve this problem, imprinting silicone structure LED package process is proposed. LED package
process method is as follows. To make LED chip size’s silicone material including phosphor, we used to Si wafer. Si wafer
molding structure makes the deep etching process using injection molding process with the appropriate thickness. Silicone
structure is consisted of tray the same size of the LED chip of the phosphor weight percent and specific thickness to make
white conversion. Imprinting silicone structure of the evaluation system is consisted of stabilized LED light source and the
lumen detector on the moving stage. Use it, silicone structure for LED devices after completion of a combination of color
temperature and color coordinates. Imprinting silicone structure is able to determine the dimension and thickness, and
phosphor fraction, so that, in the packaging process of manufacturing will be able to improve process yield.

J-01(

)

Ultracold atoms interacting with on-chip one-dimensional photonic crystal nanostructures.

LEE Jae Hoon
.
We introduce a novel platform for optical physics which integrates
nanophotonics with ultracold atoms. Nano fabrication techniques
previously developed for the condensed matter community have enabled
the production of nanoscopic dielectric waveguides that can be coupled
with high efficiency to more traditional waveguides, e.g., optical fibers.
These technological advancements have enabled us to position atoms
near the evanescent field region of a guided optical mode of a onedimensional photonic crystal, where we can manipulate and probe the
internal quantum state of the atom. Specifically, we use guided optical
modes to create a light shift potential such that, when combined with the
Casimir-Polder potential, nearby atoms are channeled into the high intensity region of a probe light. By measuring the atomic
absorption and reflection we are able to infer an atomic decay into the photonic waveguide mode of ~0.32 +- 0.08 with respect
to the decay rate into all other channels, which is ~8 times larger than what has been observed with atoms trapped near tapered
nanofibers.
* This work was done at the California Institute of Technology, Quantum optics group (Prof. H. Jeff Kimble)

J-02

Vortex nucleation in a Bose-Einstein condensate circulating in an anharmonic trapping

potential
KANG Seji, SEO Sang Won
Dept. of Physics and Astronomy, Seoul National University.
In contrast to the case of a harmonic trapping potential, the superfluid dynamics of a Bose-Einstein condensate can be affected
by its circular motion around the center of the trap as a whole in an anharmonic potential. The coupling of internal and external
motions of the condensate enables to nucleate vortex via surface mode excitations. We study the condensate dynamics with an
external modulation and observe vortex nucleation when the condensate circulates in the anharmonic trap. We prepare the
anharmonic trapping potential by a magnetic quadrupole field and apply external driving force with modulating external bias
fields. Under circular drive, the trapped condensate resonantly develops a circular motion. The shape of the condensate is
elliptically deformed as the condensate is displaced from the trap center, due to the anharmonicity of the trapping potential.
The circular motion of the ellipsoidal shaped condensate induce its internal rotation, leading to vortex nucleation. We
investigate the vortex nucleation rate for various polarizations of the external driving, where in particular, we confirm the
rotational symmetry breaking due to the chiral spin texture imposed by the magnetic quadrupole field.

J-03
,

Vortex Pair Annihilation in Two-Dimensional Superfluid Turbulence
,

,

,

.
We investigate thermal relaxation of two-dimensional superfluid turbulence in a highly oblate Bose-Einstein condensate. We
identify annihilation of vortex-antivortex pairs by directly observing coalesced vortex cores with a crescent shape. In the
relaxation process, the vortex number of the condensate exhibits nonexponential decay behavior due to the vortex pair
annihilation which becomes faster at higher vortex density. We observe that the two-body decay rate of the vortex number
shows quadratic dependence on the temperature of the sample.

J-04

Efficient Laser Trap of Neutral Radium Atoms for Electric Dipole Moment Search

PARK Sung Jong, SHIN Taeksu, KIM Yong Kyun, KIM Sun Kee
Institute for Basic Science.
We study an efficient accumulation of radium atoms in a magneto-optical trap (MOT) from an atomic beam. The number of
atoms in the trap is limited due to the large leakage into metastable D states from the cooling transition and the loss mechanism
from background gas collisions. We propose a setup consisting of efficient Zeeman slower, optical atom bender, and EggMOT, which provides a trap efficiency improved by a factor of more than 60. Our proposed setup will allow for electric dipole
moment search based on laser-cooled and trapped radium atoms with improved sensitivity.

J-05(

)

Theory for Generalized Causal Nonlocality with Non-linear Schordinger Equation

SON Wonmin
Sogang University.
According to the theory of relativity and causality, a special type of correlation beyond quantum mechanics is possible in
principle under the name of {\it non-local box}. The concept has been introduced from the principle of non-locality which
satisfies relativistic causality. In this presentation, we show that a correlation leading to the non-local box is possible to be
derived consistently if we release the one of major axioms in quantum mechanics, {\it Born's rule}. This allows us to obtain a
theory which in one end of the spectrum agrees with the classical probability and in the other end, agrees with the theory of
non-local causality. At the same time, we derive a non-linear dynamic equation whose solution is equivalent to the generalized
theory given by a generalized trigonometric function and analyze it.

J-06

Transient Quantum Fluctuation Theorems And Generalized Measurements

BALASUBRAMANIAN Prasanna Venkatesh, WATANABE Gentaro,
TALKNER Peter1
APCTP. 1University of Augsburg, Germany.
The transient quantum fluctuation theorems of Crooks and Jarzynski
restrict and relate the statistics of work performed in forward and
backward forcing protocols. So far, these theorems have been obtained
under the assumption that the work is determined by two projective
energy measurements, one at theend, and the other one at the beginning
of each run of the protocol. We found that one can replace these two
projective measurements only by special error-free generalized energy
measurements with pairs of tailored, protocol-dependentpostmeasurement states that satisfy detailed balance-like relations. For other
generalized measurements, the Crooks relation is typically not satisfied. For the validity of the Jarzynski equality, it is
sufficient that the first energy measurements are error-free and the post-measurement states form a completeorthonormal set of
elements in the Hilbert space of the considered system. Additionally, the effects of the second energy measurements must have
unit trace. We illustrate our results by an example of a two-level system for differentgeneralized measurements.

J-07

Structural Complexity from a measurement

YEE Ki Hyuk, BANG Jeongho1, JEONG Hyunseok1, LEE JINHYOUNG2
Dept. of Physics. 1Center for Macroscopic Quantum Cortol & Department of Physics and Astronomy, Seoul National
University and Dept. of Physics, Hanyang University,. 2Dept. of Physics, Hanyang University.
We put forward the notion of Structual Complexity based on a measurement. This notion reveals how a system of interests is
orgazined and the organization of the system reacts to a certain external perturbation. Moreoever, this notion can unfold the
various aspect of the organization of the system of the interest.

J-08*

A New Approach to the Quantum-to-Classical Transition: Coarsening of the
Measurement References
LIM YOUNGRONG, KIM MYUNGSHIK1, JEONG HYUNSEOK
CMQC, Department of Physics and Astronomy, Seoul National
University. 1QOLS, Blackett Laboratory, Imperial College London.
We investigate the role of measurement precision in the quantum-toclassical transition. We present the quantum-to-classical transition under
two different situations. One is an inefficient measurement and the other
is coarsening the references of measurements. We observe that the
quantum-to-classical transition occurs consistently by coarsening of the
measurement references, but this is not always the case with the
inefficient measurement or coarsening of the measurement resolution. Our results suggest that observer’s ability to precisely
control the measurement references is important in the quantum-to-classical transition.

J-09*

Solution for N qubit-mixed state discrimination with minimum-error

,
.
We provide a solution for N qubit-mixed state minimum-error discrimination, where the figure of merit is given by Pcorr=\sum
{i} trq_{i}\rho_{i}M-{i}. It can be shown by the following two observations:(i)In optimal measurement of any MD for qubit
statesthere is a POVM whose nonzero element is less than 5.(ii)The complete solution is provided for 4qubit mixed states
discrimination.

J-10*
,

Vacuum-fluctuation-induced Decoherence of a Qubit in a Cavity
1,

. 1Dept. of physics, Ben Gurion University, Israel.
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J-11

Generation of W type multipartite entangled steady states in driven-dissipative dipolar

lattice gases
LEE Sun Kyung, CHOI K. S., CHO Jaeyoon1
Korea Institute of Science and Technology. 1Korea Institue of Advanced Study.
Non-equilibrium quantum dynamics represents an emerging paradigm for condensed matter physics and statistical
mechanics. Strongly interacting Rydberg atoms offer an attractive platform to study the driven-dissipative dynamics of
quantum spin models with long-range order. We explore conditions under which stationary many-body entangled phases
persist with near-unit fidelity in the presence of optically-driven dipolar interactions and site-localized dissipations, thereby
providing a scalable and robust scheme for the production of many-body entangled steady-states. We investigate the dynamics
of a many body Rydberg system in a 1D lattice based on the quantum trajectory method, characterize the dynamics of
multipartite entanglement, and show that the atomic state converges to a W type multipartite entangled state in a realistic
pumping time. The main idea is to globally pump the atoms to Rydberg state and to induce site-selective decoherence on
"reservoir" atoms. While the dissipative jump operators are strictly local, the resulting dynamics amounts to an optical
pumping for the atomic sample to one of the entangled eigenstates of the many-body Hamiltonian Hxy. We apply our method
to generate bipartite entanglement for system-size N=4, and then extend our work for N=6 to investigate the driven-dissipative
dynamics of the many-body entanglement via uncertainty relations. We find that quadripartite W-state can persist indefinitely
with fidelity F>>0.99 for N=6, and that entanglement depth shows favorable scaling relative to its system size, reaching
``hectapartite" entanglement for total N=126 atoms.
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J-13*

Time-bin Entangled Photon Pairs by a CW Multi-mode Diode Laser

KWON Osung, PARK Kwang-Kyoon1, RA Young-Sik1, KIM Yong-Su,
KIM Yoon-Ho1
KIST, Center for Nano & Quantum Information. 1POSTECH,
Department of Physics.
Generation of time-bin entangled photon pairs requires the use of the
Franson interferometer which consists of two spatially separated
unbalanced Mach-Zehnder interferometers through which the signal and
idler photons from spontaneous parametric down-conversion (SPDC)
are made to transmit individually. There have been two SPDC pumping
regimes where the scheme works: the narrowband regime and the
double-pulse regime. In the narrowband regime, the SPDC process is pumped by a narrowband cw laser with the coherence
length much longer than the path length difference of the Franson interferometer. In the double-pulse regime, the longitudinal
separation between the pulse pair is made equal to the path length difference of the Franson interferometer. In this paper, we
propose another regime by which the generation of time-bin entanglement is possible and demonstrate the scheme
experimentally. In our scheme, differently from the previous approaches, the SPDC process is pumped by a cw multi-mode
(i.e., short coherence length) laser and makes use of the coherence revival property of such a laser. The high-visibility twophoton Franson interference demonstrates clearly that high-quality time-bin entan- glement source can be developed using
inexpensive cw multi-mode diode lasers for various quantum communication applications.

J-14*

Preseravtion of spatial coherence in atomic vapor photonic quantum memory

LEE Jong-Chan, PARK Kwang-Kyoon, CHO Young-Wook, KIM
Yoon-Ho
POSTECH, Dept. of Physics.
We report on the preservation of transverse spatial coherence of an
optical pulse stored in atomic vapor quantum memory. The high
visibility Young-type spatial fringes formed by interference between the
retrieved and the delayed optical pulses clearly demonstrate that the
atomic vapor quantum memory based on electromagnetically induced
transparency preserves transverse spatial coherence. This demonstration
has important implications in quantum imaging and multimode quantum
information processing.

J-14

Measurement of the ac Stark shift in a superconducting qubit

HA Dong-Gwang, PARK Gwan Yeol, SHIM Seung-Bo, PARK Jung Hwan, SONG Woon, LEE Soon Gul1, CHONG Yonuk
Korea Research Institute of Standards and Science. 1Korea University.
We present an experimental study of the ac Stark effect in a superconducting transmon qubit. The qubit is strongly coupled to
a three-dimensional superconducting aluminum cavity in circuit QED architecture. We observed the ac Stark shift from the
off-resonant behavior of the Rabi oscillations, and measured its dependence on the qubit drive. We studied both one and two
photon processes. Furthermore, the results are compared with the dressed-state spectroscopy by observing the Autler-Townes
effect.

J-16*

Protecting Quantum Information From Decoherence Using Weak Measurement

LEE Jong-Chan, KIM Yong-Su, JEONG Youn-Chang, KWON Osung,
KIM Yoon-Ho
POSTECH, Dept. of Physics.
Decoherence, often caused by unavoidable coupling with the
environment, leads to degradation of quantum coherence. For a
multipartite quantum system, decoherence leads to degradation of
entanglement and, in certain cases, entanglement sudden death. Tackling
decoherence, thus, is a critical issue faced in quantum information, as
entanglement is a vital resource for many quantum information
applications including quantum computing, quantum cryptography,
quantum teleportation, and quantum metrology. In this paper, we
proposed and demonstrated a novel measurement-based scheme to protect quantum information from decoherence.

J-17*

Scheme for direct observation of commutation relation of position and momentum
operators with quantum interference
LEE Jong-Chan, KIM Yong-Su, RA Young-Sik, LIM Hyang-Tag, KIM
Yoon-Ho
POSTECH, Dept. of Physics.
Although noncommutativity of a certain set of quantum operators (e.g.,
creation and annihilation operators and Pauli spin operators) has been
shown experimentally in recent years, the commutation relation for the
position and the momentum operators has not been directly
demonstrated to date. In this paper we propose and analyze an
experimental scheme for directly observing the noncommutativity of the
position and the momentum operators using single-photon quantum
interference. While the scheme is studied for the single-photon state as
the input quantum state, the analysis applies equally to matter-wave
interference, allowing a direct test of the position-momentum
commutation relation with a massive particle.

J-18(

)

Attosecond Resolved Study of Core Level Dynamics of Krypton Atoms

MAILAM Anand, KIM hyunguk, BHATTACHARJEE Nilapha, KHURELBAATAR Tsendsuren, KIM Dongeon
POSTECH, Department of Physics, Center for Attosecond Science and Technology (CASTECH), and Max Planck Center for
Attosecond Science (MPC-AS) , Pohang, Kyungbuk ,Republic of Korea.
Time resolved investigation of electron motion has been of interest in a variety of systems like atoms, molecules and solids.
With the demonstration of isolated attosecond pulses these processes could be studied at extremely short time scales making it
possible to track motion of individual electrons. The attosecond beam line for atomic physics has been installed at the Center
for Attosecond Science and Technology (CASTECH), POSTECH to study such processes. The attosecond pulses are
generated by the process of higher harmonic generation (HHG) from Neon gas, using a few cycle femtosecond pulses (~4 fs,
800nm, 300 mJ). In addition to the XUV pulse generated the residual IR pulse and a separate UV pulse( 3eV) can be used as
a probe beam for pump-probe studies. A double mirror assembly provides a precision delay between the pump and the probe
pulses. A high resolution XUV spectrometer and an electron TOF spectrometer are used as the main tools for the
measurements. We have been able to measure isolated attosecond pulses up to 200as by photoelectron streaking using the
electron spectrometer. The beam line can be used to study ultrafast processes in atomic, solid and nanostructured
systems.
As a first model system we have used the attosecond pulse to excite the core level
-1
electrons in Kr atoms 3d np and study its time evolution in the presence of the IR field using absorption spectroscopy. The
IR field can couple the excited Kr atoms to neighboring states or can result in inner shell ionization. This shows up as a
splitting up of the absorption lines of Krypton atoms in the presence of IR pulse. We are working on a theoretical model to
understand this kind of splitting seen in our experimental results.
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J-20

Design and construction of a TL-VMI spectrometer for high energy charged particle

detection
KLING Nora G., PAUL D.1, GURA A., G. Laurent, DE S.2, LI H., WANG Z., AHN B.1, KIM C.H.1, KIM T.K.3,
LITVINYUK I.V.4, COCKE C.L., BEN-ITZHAK I., KIM D.1, KLING M.F.5
J.R. Macdonald Laboratory, Department of Physics, Kansas-State University, USA. 1Physics Department, CASTECH,
POSTECH, Pohang, Republic of Korea, Max Planck Center for Attosecond Science, Pohang, Republic of Korea. 2J.R.
Macdonald Laboratory, Department of Physics, Kansas-State University, USA, Saha Institute of Nuclear Physics, Kolkata,
India. 3Department of Chemistry and Chemistry Institute of Functional Materials, Pusan National University,. 4Centre for
Quantum Dynamics and Australian Attosecond Science Facility, Griffth University, Nathan,. 5J.R. Macdonald Laboratory,
Department of Physics, Kansas-State University, USA, Max-Planck-Institut fur Quantenoptik, Hans-Kopfermann-Str. 1, 85748
Garching, Germany.
The electron localization of atomic gas or dissociative molecules is an important area in dynamics study. To obtain the detail
of dynamics, the translational energy distribution and recoil anisotropy parameters of photoelectron are essential, especially in
the presence of strong field, where high energy charged particle detection is prime importance. These two parameters may be
extracted simultaneously from the velocity map imaging technique. For this purpose, we have constructed a thick lens velocity
map imaging (TL-VMI) spectrometer based on a multielectrode concept which offers to precisely control the field distribution
along the whole spectrometer with a capacity of measuring charged particle energies up to 1KeV. SIMION simulation of
electron/ion trajectories in an electric field has been performed. The larger number of electrodes can give a better control over
the field distribution along the spectrometer. The test of this system will be presented in terms of the kinetic energy and
angular distribution of photoelectron.

J-21

Contradiction between the spin derived from magnetic dipole moment and
a covariant Stern-Gerlach experiment
1

,

. 1
.
We have studied a relativistically covariant Stern-Gerlach (SG)
experiment for a relativistic spin derived from the relativistic magnetic
dipole moments. The relativistic spin is shown to have problems to
become a proper spin operator for a massive relativistic particle
because of two reasons. First, the relativistic spin three-vector operators
cannot satisfy the spin algebra.
Second, the SG experiment for the relativistic particle provides a
paradox between two observers in the particle rest frame
and the laboratory frame, in which the particle is moving.

JP-01(

)

Photoassociation Spectroscopy for Ultracold Molecules

XIAO Liantuan
Shanxi Univ., Institute of Laser Spectroscopy, State Key Lab. of Quantum Optics and Quantum Optics Devices, China.
Ultracold molecules provide novel possible applications in many areas of physics ranging from precision measurement to
quantum computing. We have produced the ultracold Cs2 and RbCs molecules by photoassociation, which are detected by trap
loss detection (TLD) method and ionization detection (ID) method. We have developed three-dimensional fluorescence
modulation spectroscopy to improve the TLD sensitivity. Based on the improved TLD method, we obtain a series of
rovibrational spectra of Cs2 with high sensitivity and observe even the lowest level of excited state of Cs2 molecules. We
present an experimental technique for sensitively determining the laser-induced frequency shifts of the ultracold cesium
molecular vibrational and rotational levels. The laser-induced frequency shift rate can be quantitatively analyzed by only
varying the photoassociation laser intensity without any additional frequency monitor technologies. For that the
photoassociation probability of heteronuclear molecules is lower than the one of homonuclear molecules, the ID as a high
sensitive detection method is used to measure the ground state molecules. Using the high sensitive ID method, we have
investigated photoassociative formation of RbCs molecules in the (2) 3Π excited states. The rotational constant and centrifugal
distortion constants are derived from the photoassociation spectrum with a high sensitivity, respectively. The measured electric
dipole moment is measured by Stark effect in static electric field. By using this method, the line shape of ultracold RbCs
molecular photoassociation spectroscopy is analyzed systematically with varied photoassociation laser intensity and ionization
laser energy.

JP-02(

)

How to Grab an Atom without Squeezing It

CHO Donghyun, KIM Huidong, HAN Hyok Sang
Department of Physics, Korea University.
We demonstrate that the differential ac-Stark shift of a Zeemansensitive ground hyperfine transition in an optical trap can be eliminated
by using properly polarized trapping light. We use the vector
polarizability of an alkali-metal atom to produce a polarizationdependent ac-Stark shift that resembles a Zeeman shift. We study a
transition from the |2S1/2; F = 2;mF = −2> to the|2S1/2; F = 1;mF = −1>
state of 7Li to observe 0:59 ± 0:02 Hz linewidth with interrogation time
of 2 s and 0:82 ± 0:06 s coherence time of a superposition state.
Implications of the narrow linewidth and the long coherence time for
precision spectroscopy and quantum information processing using atoms
in an optical lattice are discussed.

JP-03(

)

Ladder-type electromagnetically induced transparency with optical pumping effect

TSAI chin-chun
National Cheng Kung University, Department of Physics, Taiwan.
In this presentation the relative intensities of the probe transmission in a ladder-type electromagnetically induced
transparency (EIT) system by considering the optical pumping effect thoroughly are elucidated. The observed EIT spectra
reveal a different probe or coupling power dependence for various transmission peaks. In addition to causing quantum
interference, the probe, and coupling laser fields realign the population of Zeeman sublevels in the ground state through optical
pumping. Analytical results indicate that the re-distribution levels, failing to contribute to the EIT peaks, either out of transition
path or zero transition probability, significantly affect the transmission intensity.

JP-04(

)

EIT & EIA @ KNUE

,
.
We will introduce researches about EIT and EIA at KNUE. We have studied these phenomena with atomic samples under
thermal motion in a cell or cold state by MOT(magneto-optic trap). EIT is a phenomenon that a resonant light is not absorbed,
on the other hand, EIA is a phenomenon that a resonant light is more absorbed that the linear absorption. Two phenomena look
like opposite, however, these happened due to coherent interaction. We will discuss theoretical aspects related to various
experimental results.

JP-05(

)

Anti-correlated light switching in a non-resonant double-Lambda system

KANG Hoonsoo, KIM Bongjune
,
.
We have demonstrated anti-correlated light switching between multi-photon transition channels in an non-resonant double-Λ
system. Two-colour probe transitions, using rubidium D1 (795 nm) and D2 (780 nm) were included in our double-Λ system. In
anti-correlated light switching, one of two probe transitions is selected as transparent while the other is selected as opaque. In
this configuration, we observed completely different behaviour from that seen in a resonant double-Λ system, in which both
probe transmission are transparent or opaque simultaneously. Furthermore, we observed a noise correlation between twocolour probe transmissions when the phase fluctuation of the two probe lasers was converted to the intensity fluctuation. The
relative phase fluctuation between the two probe lasers induced an anti-correlation between the intensity noises of two probe
lasers in an non-resonant double-Λ system, while a correlation was induced in a resonant double-Λ system.

P1-J001*

Adding a single photon to a coherent state

,
,
.
We investigate the connection between the particle nature of light and its nonclassical character. When we can associate a
precise number of photons, in some sense, to a particular state of light, the state possesses a full particle nature. We show that,
whenever there emerges a complete particle nature in the state of light, the corresponding nonclassical measure becomes unity
and the state becomes maximally nonclassical.

P1-J002

Analytical solutions of the lineshape in polarization spectroscopy for the Jg =0 → Je =1

transition
HEUNG-RYOUL NOH
,
.
We present analytical calculation of the lineshape of polarization spectroscopy (PS) for the transition line Jg=0→Je=1
transition line. We were able to identify how the saturation affected the lineshape of the PS spectrum using the obtained
analytical form of the PS spectrum. The results can be useful for polarization spectroscopy experiments using the alkalineearth atoms such as Sr or Yb.
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Cavity-QED Microlaser Pumped By Atoms In A Coherent Superposition

KIM Junki, YANG Daeho, SONG Younghoon, LEE Moonjoo1, AN Kyungwon
Department of Physics & Astronomy, Seoul National University, Seoul 151-747, Korea. 1Institute for Quantum Electronics,
ETH Zürich, CH-8093 Zürich, Switzerland.
We report an experimental study of a cavity-QED microlaser pumped by atomic dipoles with the same phase. In such a
coherently pumped cavity-QED microlaser, well-defined phase relation between the atoms and the cavity field makes
significant enhancement of laser intensity, proportional to the square of the total atomic dipole moment P=Np, where N is the
number of atoms in the cavity mode and p is the dipole moment of a single atom. In the experiment, the key element to realize
a coherently pumped cavity-QED microlaser is nano-precise position control of atoms which interacts with a cavity field. It
became possible by employing an atomic beam aperture with an array of nanoholes and a specially designed L-shaped cavity
with high-finesse. In the result, we observed that the laser intensity is much higher when the cavity is pumped by atoms in the
superposition state rather than fully excited state, even though the superposition state has smaller energy. Because of remained
incoherent effect, the largest laser intensity was obtained when atomic inversion angle θ is around 0.75π. The experimental
setup and latest data will be presented and discussed.

P1-J005

Current Status of Chemical Physics Laser-Based Beam-Line at Max-Plank Center for
Attosecond Science (MPC-AS), POSTECH
MYEONGKEE PARK, CHUL HOON KIM, DABABRATA PAUL, TAE KYU KIM1, DONG EON KIM
Department of Physics and Center for Attosecond Science and Technology (CASTECH), POSTECH. 1Department of
Chemistry, Pusan National University.
Attosecond spectroscopy has been attracted because it gives possibility to see how electrons move in atoms and molecules.
We will present current status of the attosecond chemical physics beam-line at Center for Attosecond Science and Technology
(CASTECH) and Max-Plank Center for Attosecond Science (MPC-AS), POSTECH. The amplified output with 3.4 W power,
3 kHz and 28 fs pulse duration is focused onto a hollow core fiber to get a strong super-continuum generation (SCG) beam.
We get the temporal width (FWHM) of 3.4 fs by fully compensating higher order dispersions. The attosecond beam-line
consists of three chambers; a source, delay, and interaction chamber. In the source chamber, both UV (240 nm) and XUV (90
eV, 300 as) pulses can be simultaneously generated at two different Ne gas targets. In the delay chamber, we have successfully
separated the XUV from the UV/SCG by using perforated mirrors. In the interaction chamber, each beam is manipulated by a
piezo-driven delay stage and spectral filters, and then combines them together. A toroidal mirror is used to focus both THG
and XUV beams for Electron/Ion velocity map imaging (VMI) detectors. In addition, we are planning to use our ultrashort
pulses (<5 fs) at UV-Vis-NIR from the SCG for pump-probe experiments in order to reveal extremely fast chemical reaction
dynamics occurring at conical intersections

P1-J006*

Entanglement generation of quantum and classical states of light using photon-addition

scheme.
JEONG Hyunseok, ZAVATTA Alessandro1, KANG Minsu, LEE Seung-Woo, COSTANZO Luca1, GRANDI Samuele2,
RALPH Timothy3, BELLINI Marco1
Department of Physics, Seoul National University. 1Department of Physics, University of Firenze, Italy. 2INO-CNR,
Italy. 3Centre for Quantum Computation and Communication Technology, University of Queensland, Australia.
Entanglement between a single photon and a coherent state in a free-traveling field is a useful resource for
optical quantum information processing.
We present a scheme of generating such entanglement with high fidelity utilizing single-photon addition.
Our method is experimentally efficient since cross-Kerr nonlinearity is not required in contrast to traditional
methods.
Moreover, the amplitude of the coherent part can be arbitrarily amplified using so-called quantum teleamplification.

P1-J007*

Operational Quasi-probability for Continuous Variables
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P1-J008*
,

Quantum learning speedup in binary classification
1,

2,

. 1
. 2Centre for Quantum Technologies, National University of Singapore.
Hybridizing two science fields, machine learning and quantum information, have recently received keen interest. In such
research, we focus on the important questions: can "quantum" improve machine learning? Answering to this question, we
consider machines which learn a specific problem so-called binary classification corresponding to an N-bit Boolean function.
The main work in this paper is to compare two machines: one is able to use quantum, and the other is not. As a fundamental
step, we introduce and analyze acceptable region defined as a localized solution region of parameter space. In the analysis, it is
shown that the quantum machine can learn faster, as it can extend the acceptable region assisted with quantum superposition.
For the explicit analysis, random search is adopted as a learning model, which is used as a standard model for learning
performance analysis. Taking into account a realistic circumstance, we apply more practical learning model, called differential
evolution, and show that the quantum is better in such case.

P1-J009

Femtosecond SCRAP Flipping of Rubidium Atomic Qubit

LEE Han-gyeol, LIM Jongseok, AHN Jaewook
KAIST, Dept. of Physics.
Femtosecond laser pulse-shaping method is used to implement Stark
chirped rapid adiabatic passage (SCRAP) to atomic rubidium two-level
system (qubit). We use a laser pulse shaped to have a 500-GHz spectral
hole around the resonance frequency for 5S1/2-5P1/2 transition for qubit
rotations. It is noted that, unlike the conventional use of two laser pulses
in SCRAP, we consider two spectral parts of a single laser pulse. Figure a) shows the spectrum of the shaped laser pulse which
has a spectral hole. When a linear chirp is induced to the laser pulse, a temporal delay occurs between the two sub-pulses
respectively made by the low and high frequency parts of the laser pulse, making a dynamic Stark shift by the leading pulse
facilitates the resonant condition for the trailing pulse and, as a result, a complete population inversion takes place. The
transition probability calculated as a function of pulse area and linear chirp, is shown in Fig. b).
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Generation of correlated photon pair using a PPMgSLT crystal
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An Experiment on Operational Quasiprobabilities for Qubits

LEE Kwang Geol, SEOL Kang Hee1, HONG Sunghyuk1, RYU Junghee2, LIM James3, LEE Jinhyoung4
Hanyang University, Department of Physics. 1Hanyang University, Research Institute for Natural Sciences. 2Hanyang
University, Research Institute for Natural Sciences/Hanyang University, Department of Physics/University of Gda´nsk,
Institute of Theoretical Physics and Astrophysics/Seoul National University, Center for Macroscopic Quantum Control. 3Ulm
University, Institute for Theoretical Physics. 4Hanyang University, Department of Physics/Seoul National University, Center
for Macroscopic Quantum Control/Korea Institute for Advanced Study, School of Computational Sciences.
Comparing quantum statistics with classical statistics provides intuitions in understanding quantum physics. The quantum
features are said to be nonclassical if the classical theory of light can not anticipate them. One of nonclassical features of
quantum statistics is that the noninvasive measurement is incompatible with quantum theory. A direct comparison of this
characteristics is enabled if taking an operational approach to define a commensurate quasiprobability function (CQF), which
is positive semidefinite for every macro-realistic model[1]. In this work, we propose an optical experiment of a polarization
qubit to demonstrate its nonclassicality in terms of CQF and perform it with weak-field light pulses whose average photon
numbers are about 0.001 per pulse. The phase of the attenuated pulse beam is controlled by half-wave plates and the polarized
photons are divided by polarizing beam splitters(PBS). As a result, we observe negative values of CQF, the signature of
nonclassicality. These experimental results are consistent with those of quantum theory and refute any macro-realisic model(s),
allowing the negative valued CQF. They also confirm that the negativity depends on both of quantum state and observables to
be measured. [Reference][1]. J. Ryu, J. Lim, S. Hong, and J. Lee, Phys. Rev. A 88, 052123 (2013).

P1-J013
,

Photoionization of the Mg-like Cl5+ and Ar6+ ions
1

.

1

.
Photoionization of the Mg-like Cl5+ and Ar6+ ions has been studied for
their initial ground states. Using a non-iterative eigenchannel R-matrix
method, we have investigated the partial photoionization cross sections
leading to the final photo-ionic 3l states. The calculated ionization energies to the 3l thresholds relative to the initial ground
state are in excellent agreement with those of NIST data base. The agreement of our length and velocity results is excellent,
which indicates that our numerical cross sections are very accurate. The photoionization cross sections are dominated by
Rydberg series of autoionizing resonances converging to various ionic thresholds. These autoionizing resonance structures are
identified and characterized. With no available experimental results, our results are compared with the previous results of the
Opacity Project(OP). Figure 1 : Total photoionization cross sections for the ground states of the Mg-like Cl5+ (a) and Ar6+ (b)
ions. The black and red lines represent the present length and velocity results, respectively.
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P1-J017*

Optimized entropic uncertainty for successive generalized measurements

BAEK Kyunghyun, SON Wonmin
Sogang University, Department of physics.
We consider two incompatible observables X and Y in successive measurements, and quantify the uncertainty of them in
terms of the Shannon entropy. We derive an optimized entropic uncertainty limit that exists in successive generalized
measurements. This limit is determined by a relation between positive-operator-valued measures of X and Y. We compare this
result with the recently derived error-disturbance relations and discuss how the bound quantifies the information of successive
generalized measurements
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Two-photon interference experiment in a polarization-based Michelson interferometer
,

.
10 μm
PPKTP
(spontaneous parametric down-conversion, SPDC)
Michelson
(bunching)

406 nm
,
.

-

.
-

.

P1-J019

Imprinting highly charged skyrmion spin texture and skyrmion crystal in two-dimensional
spinor Bose-Einstein condensate
,
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,
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Interferometric Measurement of Brownian Motion of an Optically Trapped Submicron

Particle in Air
SO Jin Myeung, CHOI Jai-Min
ChonBuk National University, Devision of Science Education.
Since the pioneering work of Ashkin, optically trapped objects have become versatile research platforms in various fields, e.g.,
biophysics, statistics, and physics. Precise determination of dynamic displacement of trapped particle is imperative for these
applications. In this presentation, we report interferometric measurement of trapped particle dynamics based on Michelson
interferometer scheme. Optically trapped particle in spherical shape serves as a hanging mirror without mechanical supports
and its dynamic motion results in relative phase changes with respect to the reference laser beam. Our setup is expected to
have better resolution especially along the axial direction compared to the previous methods relying on total intensity
measurement.

KF-01(

)

Study for Hydrogen Interaction on MoS2 Surface

HAN Sang Wook, YEOM Han Woong
Center for Artificial Low Dimensional Electronic Systems, IBS;
Department of Physics, POSTECH.
Recently, it has been reported that the hydrogenated MoS2 induced a
weak ferromagnetism persisting up to room temperature (RT) with the
improved transport property. In order to understand the hydrogenation
effect, we have studied the structural, physical, and electronic properties
by using TEM, MPMS, Hall, SPEM, ARPES, and first-principles
calculations. We reveal how the thermal annealing promotes the
dissociation of H2 molecules on the MoS2 surface and then the atomic
hydrogens are intercalated inside.

KF-02(

) Direct growth of single layer graphene and catalyst-assisted growth of MoS2 in large scale

CHOI Hee Cheul
& Center for Artificial Low Dimensional Electronic Systems, IBS.
Chemical vapor deposition (CVD) process is one of the efficient tools for the growth of various low-dimensional structures
including carbon nanotube and graphene. A key feature of the CVD process is the utilization of metal catalyst. For the
synthesis of graphene, for example, various metal catalysts, such as Ni, Cu, Rh, etc. in forms of polycrystalline film or foil
have been employed. Although the metal catalyst successfully induces nucleation of carbon species, and provide an ideal
environment to grow the nucleates into atomic layer-thick 2D graphene, the usage of meal catalyst suffers from the ‘must-do’
post treatments. I will discuss about our recent findings about metal catalyst-free CVD synthesis of single layer graphene
directly on dielectric substrates. We have found that large area single layer graphene is readily formed on quartz substrates that
have crystallographically well-defined Al2O3 top surface. Similar attempts tried on hexagonal boron nitride (h-BN) result in
the formation of highly regular single layer graphene pads. The details about the catalyst-free synthesis of graphene including
the growth mechanisms will be discussed. Single layer molybdenum disulfide (MoS2) is an inorganic analog of graphene, and
attracting more interests due to its intrinsic direct band gap that grants superior electrical (semiconducting) and optical
(luminescencing) properties over graphene. Although single or a few layer MoS2 has been reported to be isolated by
mechanical exfoliation, the yield of resulting MoS2 layer in terms of success rate is extremely low. Several chemical
approaches employed to isolate MoS2 layers are not satisfactory either as the resulting products are in lack of uniformity in
size, shape, positioning, etc. We have successfully developed a metal catalyst-assisted CVD for the growth of large size MoS2
layered structures. The resulting MoS2 layers can be isolated from the metal catalyst to become free-standing, after which it
can be transferred to various substrates. The size of MoS2 layer is basically limited by the dimension of catalyst metal film.
More details about the formation and characterization of MoS2 layered structure will be discussed.

KF-03(

)

P-N Junction Devices Using 2D TMDC

,
.
Transition metal dichalcogenides (TMDCs) have opened up new opportunities for two-dimensional (2D) electronics and
optoelectronics, because of their affordable and tunable bandgaps which cannot be made possible by using graphene as the
most intensely studied 2D material. In this presentation, we demonstrate various 2D TMDC p-n junctions formed by using
novel doping techniques. The 2D TMDC fabricated p-n junctions which were formed by using MoS2 or WSe2 showed an
greatly enhanced photoresponse together with the rectifying effect of p-n diode. Furthermore, with the barrier height
modulation at metal/TMDC interfaces by applying gate bias, significantly enhanced quantum efficiency of the p-n junction
devices was obtained.

KF-04*

Transparent and flexible MoS2 thin film transistors with multilayer graphene electrode

YOON Jongwon, PARK Woojin, BAE Ga-Yeong, KIM Yonghun, JANG Hun Soo, HYUN Yujun, LIM Sung Kwan, KAHNG
Yung Ho1, HONG Woong-Ki2, LEE Byoung Hun, KO Heung Cho
Gwangju Institute of Science and Technology, School of Materials Science and Engineering. 1Gwangju Institute of Science
and Technology, Research Institute for Solar and Sustainable Energies. 2Korea Basic Science Institute, Jeonju center.
Here, we studied the feasibility of well-known 2D materials regarding this aspect by developing transistors, basically
consisting of mechanically exfoliated MoS2 as a semiconducting channel and CVD-grown multi-layered graphene as
source/drain electrodes. The devices exhibit transmittance of ~74% (lateral coverage: 7% for MoS2 and 15% for graphene
electrodes) with current on/off ratio (Ion/Ioff) of more than 104 and an average field effect mobility of ~4.7 cm2V‒1sec‒1. In
particular, the evaluated Schottky barrier height (~22 meV) at the MoS2/graphene interface is similar with that of MoS2/metal
interface, implying that the configuration of the two 2D materials is also promising for MoS2-based transistors. Furthermore,
the devices on a plastic substrate show stable electronic performances upon bending up to ± 2.2 mm in compressive and tensile
mode and ability of recovering electrical properties after degradation during repeated bending cycles by annealing process at
200 ○C for 2 h in N2/H2 (4%) gas flow.
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Graphene Vertical Heterostructure Devices

,
.
The integration of vertically stacked multi-heterostructures of layered
materials (e.g. graphene, molybdenum disulfide MoS2, or cobaltites
Bi2Sr2Co2O8) enables high current density vertical field-effect
transistors (VFETs)1,2. An n-channel VFET is created by employing
graphene or metal thin film as the source-drain electrodes and vertically
sandwiched few-layer MoS2 as the semiconducting channel. Electrical
transport studies demonstrate the VFETs exhibit typical n-channel
characteristics with a room temperature on-off ratio >103, sufficient for
logic applications. Importantly, with an Ohmic contacted metal topelectrode and an ultrathin MoS2 layered semiconductor, our devices can
deliver a high current density up to 5,000 A/cm2, about 2-5 orders of
magnitude larger than the recently reported vertical tunnelling transistors
or barristors. Furthermore, vertically stacked graphene-MoS2-graphene
and graphene-MoS2-metal junctions can be created with a broad junction area for efficient photon harvesting. The weak
electrostatic screening effect of graphene allows the integration of single or dual gates under and/or above the vertical
heterostructure to tune the band slope and photocurrent generation. 1. W. J. Yu et al. Nat. Mater. 12, 246-252 (2013). 2. W. J.
Yu et al. Nat. Nanotechnol. 8, 952-958 (2013).

KF-07(

)

Hybrid Sheets of Layered Transition Metal Dichalcogenides and Reduced Graphene

Oxide
SHIN Hyeon Suk
Department of Chemistry and Low Dimensional Carbon Materials Center, UNIST (Ulsan National Institute of Science and
Technology), UNIST-gil 50, Ulsan 689-798, Republic of Korea.
The rapid progress in graphene research has led to intensive exploration of novel 2D materials. In particular, transition metal
chalcogenides (TMDs), with their layered structures, have received significant attention because they offer many opportunities
for fundamental and technological research in a variety of fields, including catalysis, energy storage, sensing, and electronic
devices. In this talk, I demonstrate recent advances in the synthetic methods of 2D MoS2 and WS2 sheets and their hydrogen
evolution reaction (HER) performance because TMDs are alternative catalysts to replace Pt in HER. And, I explain the
synthesis of WS2 and WS2/rGO nanosheets using one-pot hydrothermal reaction process at low temperature. WS2 nanosheets
are selectively fabricated using tungsten chloride and thioacetamide precursors. I also show that WS2 nanosheets readily
hybridize with rGO nanosheets when GO is added in the reaction vessel. This is one of the first reports on selective synthesis
of WS2 and WS2/rGO hybrid nanosheets by the hydrothermal reaction. I further demonstrate that WS2/rGO nanosheets exhibit
good catalytic activity for hydrogen evolution. Based on impedance measurements, the better catalytic performance is
attributed to enhanced charge transfer kinetics due to the intimate contact between the catalytic WS2 nanosheets and the rGO
support.

KF-08
,

Synthesis Of Controllable WS2 Nanosheets Using Atomic Layer Deposition
,

,
.
The synthesis of atomically thin transition-metal disulfides (MS2) with
layer controllability and large-area uniformity is an essential
requirement for their application in electronic and optical devices. In this
work, we describe a novel process for the synthesis of WS2 nanosheets
through the sulfurization of an atomic layer deposition (ALD) WO3 film
with systematic layer controllability and wafer-level uniformity. The
ALD-based WS2 nanosheets exhibit good stoichiometry and clear
Raman shift and bandgap dependence as a function of the number of
layers. These properties were confirmed by X-ray photoemission
spectroscopy, Raman and photoluminescence measurements. The
electron mobility of the WS2 monolayer measured using a field-effect transistor (FET) with a high-k dielectric gate insulator
was shown to be better than that of CVD-grown WS2, and the subthreshold swing was comparable to that of an exfoliated
MoS2 FET device. Moreover, by utilizing the high conformality of the ALD process, we have developed a new process for the
fabrication of WS2 nanotubes.

KG-01*

The field emission properties of GaN nanoneedles formed by chemical vapor-phase etching

methods
,

,
,
.
It has well known that it is difficult to fabricate GaN nanostructures via chemical etching methods due to their strong
chemical/mechanical/thermal stabilities. So far, it is the challengeable problem. Here, we introduce our chemical vapor-phase
etching (CVE) methods using HCl and NH3 gas in the high temperature chamber [1]. As can be seen from figure 1, we
achieved to fabricate the GaN nanoneedles with vertically well aligned and sharp tip edge via CVE methods. It is fascinating
etching methods in that this methods go through simple manufacturing process. For example, this etching methods are not
required etching masks during the etching process.These favorable shape of GaN nanoneedles for electron emitting results in
excellent field emission properties such as low turn-on field and high field enhancement factor. The turn-on field for the GaN
nanostructures is found to be about 2.85 V/um at current density of 10 uA/cm2 and field enhancement factor is about 6183
which is the highest values compared with previous reported GaN field emitters.

KG-02*

Surface Plasmon-enhanced light emission of InGaN/GaN Green Light-emitting diodes with
Ag nanoclusters in micro-hole patterned p-GaN
LEE seulbe, SEO Tae Hoon, PARK Ah Hyun, LEE Gun Hee
School of Semiconductor and Chemical Engineering & Semiconductor
Physics Research Center, Chonbuk National University.
We demonstrated localized surface plasmon-enhanced light emission
from green light-emitting diodes with Ag nanoclusters in micro-hole
patterned p-GaN (AN-MHPP) layer. Figure 1(a) shows the scanning
electron microscope images of AN-MHPP layer. The micro-hole arrays
in the p-GaN layer with a 6 m diameter and a 10 m periods were well
formed and etching depth was measured about 100 nm. Also, diameter
of Ag nanoclusters was approximately 100 nm. The light-output power of green LEDs with AN-MHPP was slightly increased
compared to that for conventional LEDs. This enhanced light output power was attributed to surface texturing effect by microhole arrays in p-GaN layer and the enhanced spontaneous recombination rate caused by resonance coupling between excitons
in the multi quantum wells and localized surface plasmons on Ag nanoclusters.

KG-03*

Graphene Oxide Layers Fabricated by Horizontal-Dip Coating for Solution-Processable
Organic Semiconducting Devices.
PARK Byoungchoo, JEON Hong Goo, HUH Yoon Ho, YUN Soo Hong,
KIM Ki Woong1, LEE Sun Sook1, LIM Jongsun1, AN Ki-Seok1
. 1
.
We herein report an investigation of graphene oxide (GO) thin layers
fabricated by simple horizontal-dip (H-dip) coating on an indium-tin-oxide (ITO) anode as used in solution-processable
organic semiconducting devices. Homogeneous and smooth GO thin films were successfully deposited via an aqueous
dispersion of GO on an ITO electrode, with a high surface coverage and low surface roughness, and a thickness controlled by
H-dip coating. The use of an H-dip-coated GO film as a hole-injecting interfacial layer (IFL) in organic light-emitting diodes
(OLEDs) resulted in a remarkable improvement in device performance (17 cd A-1), better than that (12 cd A-1) of a reference
OLED with a spin-coated GO IFL. Stacked bi-IFLs of GO/poly(ethylenedioxythiophene):poly(styrene sulfonate)
(GO/PEDOT:PSS) fabricated by H-dip coating were also investigated as hole-injecting IFLs in OLEDs, and these showed an
even better device performance (23 cd A-1). Furthermore, it was also shown that polymer solar cells with H-dip-coated
GO/PEDOT:PSS hole-collecting bi-IFLs exhibited a remarkable improvement in power conversion efficiency (6.9%), which
was also higher than that (4.8%) obtained with spin-coated bi-IFLs. These results clearly indicate that the H-dip-coating of GO
(/PEDOT:PSS) can effectively modify the ITO interface to yield efficient hole-selective IFLs, representing considerable
promise for use as an alternative to spin-coated IFLs in the mass production of solution-processable organic semiconducting
devices.

KG-04*

Tandem Structured Hot Electron-based Photovoltaic Cell with Double Schottky Barriers

LEE Young Keun, LEE Hyosun, PARK Jeong Young
KAIST, EEWS.
The energetic charge carriers excited during photon illumination have been detected on thin metal/semiconductor contacts or
metal–insulator–metal tunneling junctions. It was reported that surface modification of a thin metal film, such as a connected
island structure or the deposition of nanowires, enhanced the yield of energetic charge carrier generation. Here, we
demonstrate a tandem-structured, hot electron based photovoltaic cell with double Schottky barriers. The tandem-structured,
hot electron based photovoltaic cell is composed of two metal–semiconductor interfaces. Two types of tandem cells were
fabricated using TiO2/Au/Si and TiO2/Au/TiO2, and photocurrent enhancement was detected. The double Schottky barriers
lead to an additional pathway for harvesting hot electrons, which is enhanced through multiple reflections between the two
barriers with different energy ranges. In addition, light absorption is improved by the band-to-band excitation of both
semiconductors with different band gaps. The effect of the double Schottky barriers was exhibited through enhanced
performance of the solar cell. After modification from Au/Si to the tandem-structured TiO2/Au/Si, the JSC and solar cell
efficiency were enhanced by 86% and 70%, respectively.
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Stability enhancement of organic solar cell by using reduced graphene oxide as hole

transport layer
HO Nhu Thuy, SENTHILKUMAR V., NHO Sung Ho, CHO Shinuk,
SEONG Maeng-Je1, KIM Yong Soo2
University of Ulsan, Dep. of Physics and Energy Harvest-Storage
Reseach Center. 1Department of Physics, Chung-Ang
University. 2Department of Physics and Energy Harvest-Storage
Research Center, University of Ulsan.
In this work, thermally reduced graphene oxide (rGO) at different
temperatures were applied as anode buffer layer to normal P3HT:PCBM
based bulk-heterojunction solar device. Our result indicated that
reduction graphene oxide at 2500C could be the most effective as the
hole transport layer (HTL) with the work function of 4.9 eV. Device
fabricated with rGO also showed superior stability under atmosphere
condition and approximately same performance of device using PEDOT:PSS as HTL (3.14 %). After 3 days exposure of
unsealed device in 1 sun illumination, rGO device remained 67% of performance whereas either sample fabricated with
PEDOT:PSS or without HTL degraded more than 95% in efficiency. By impedance analysis with equivalent circuit
simulation, we demonstrated that using of rGO as buffer material could enhance reliability of solar device due to the reduce
change of resistance in both HTL and bulk layer as well as avoid the accumulation of space charges in active layer.

KG-07*

Removal of residual PMMA on graphene surface by Infrared irradiation

MUN SEOK Jeong, HYE MIN Oh, DOO JAE Park1, YOUNG HEE Lee
Center for Integrated Nanostructure Physics (CINAP), Institute for
Basic Science (IBS), Department of Energy Science, BK21 Physics
Division, and Center for Nanotubes and Nanostructured
Composites,Sungkyunkwan University,Suwon 446-746, Korea. 1Center
for Integrated Nanostructure Physics (CINAP), Institute for Basic
Science (IBS),.
Chemical vapor deposition(CVD) of graphene has advantages such as
low cost, control of graphene layers and ability to transfer.Typically,
poly(methyl methacrylate) (PMMA) is used when graphene transfer to other substrates. To remove PMMA on
graphene, people used the acetone. However, it is known that the remove of PMMA onthe graphene is difficult to completely
using the acetone. Therefore, to remove the PMMA on the graphene surface, many research groups have employed various
methods such as the thermal treatment. Nevertheless, a part of PMMA still remain on graphene surface Usually, to observe the
residual PMMA on graphene surface, topography of graphene surface, scanned by atomic force microscopy is used. However,
in that case, we can not distinguish PMMA and other particles.We report removal of PMMA on graphene through IR
irradiation. To confirm the residual PMMA on graphene surface, we employed novel measurement technique which is
available to distinguish PMMA and other particles by means of photothermal effect.
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Nano-absorption spectroscopy by Near-field Scanning Optical Microscopy with Aperture in
Low Dimensional Materials
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Femtosecond Transient Absorption Spectroscopy in Graphene Quantum Dots
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Enhanced light output power of GaN UV-LEDby a simple passivation with graphene oxide

on
JEONG hyun, JEONG seung yol1, PARK doo jae, JEONG hyeon jun2,
SUH eun-kyung2, LEE geon-woon1, LEE young hee, JEONG mun seok
1) Center for Integrated Nanostructure Physics, Institute of Basic
Science, Department of Energy Science, Sungkyunkwan University,
Suwon 440-746, Republic of Korea. 12) Nano Carbon Materials
Research Group, Korea Electrotechnology Research Institute,
Changwon, 641-120, Korea. 23)School of Semiconductor and Chemical
Engineering, Semiconductor Physics Research Center, Chonbuk National University, Jeonju 561-756, Republic of Korea.
GaN-based ultraviolet (UV) LEDs are widely used in numerous applications, including white light pump sources, highdensity optical data storage, medical equipment, and counterfeit bill detection. However, low hole injection rate in p-type
region due to poorly activated holes and spontaneous polarization leads to insufficient light emission efficiency. Here, we
report a new method of enhancing light output power of UV-LEDs by increasing hole injection rate in p-type region. This was
achieved by simply passivating graphene oxide (GO) on top of the fully fabricated LED. The dipole field formed by the
passivated GO and ITO junction enhanced hole injection rate in p-type region and simultaneously increased hole concentration
by about 60%. This not only improved the homogeneity of electroluminescence intensity in active layers but also enhanced
light output power to about 60% in linear current region and almost twice in saturated current region due to the delayed hole
saturation. Our simple approach of overcoming the limited free carrier concentration of p-type GaN using GO passivation
method disrupts the current state of the art technology and will be useful for high-efficiency UV-LED technology.
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Quantum Functional Semiconductors Material and Devices; New Capability and
Advanced Concept Elements of Nano Rods
KANG Tae Won
Dongguk University, QSRC.
The one dimensional structure of Semiconductor material has attracted wide attention. The reason for this extensive interest is
to realize new capability, advanced concept elements, which have unprecedented physical properties that are not prevalent in
bulk or two dimensional structures. In our laboratory, we have realized almost perfect single crystal property by self assemble
technique without using catalyst. We intend to apply this NR to various IT applied devices[1-3]. One application of them is
Thermo Electric Power (TEP). As you know well, the mechanism of TEP is based on Peltier effect or Zeebeck effect, Figure
of Merit (FOM) of TEP is directly related to efficiency of TEP. FOM is inversely proportional to thermal conductivity K. If we
grow ZnO NR, Thermal conductivity K increase tenfold compared to when we don’t using it. Therefore it is obvious that FOM
will increase markedly. Moreover, we made superlattice and succeeded in releasing blue light by injecting current into it. And
we succeeded in realizing very bright light by constructing a Field Emission Display (FED) using this NR. Also we found that
this NR is the only solution to realize room temperature ferromagnetism that has blocked commercialization of Diluted
Magnetic Semiconductor (DMS). Lastly, the main reason that ZnO can't put to practical use is difficulty in p-doping, so we
found that p type doping is simple by using NR arrays and can do p and n type doping in ZnO NR arrays. For such NR growth,
we try to use various methods such as Hydride vapor phase Epitaxy (HVPE), Molecular Beam Epitaxy (MBE), PLD, VPE and
even Spray paralysis synthesis method. And NR growth materials we used mainly are compound semiconductor such as GaN,
ZnO, CdS and CdTe etc. Consider that we may be able to develop highly effective LED without Droop effect by using Nano
rod Multi Quantum Well. In addition, we found out that light emitting can be driven without the existing complicated LED
growth and processing by simply folding two boards together. Solar cell with simple structure can be also easily produced and
we also expect that it will realize energy harvest for multi-purpose by producing wind energy at nights. For the last few years,
multi-functional solar cell has been tried onto clothes, in which a piece of metal functioning as a solar cell is attached on
clothes to harness the solar energy. In terms of practicality, it has little practical value. Thus, we made a try to make solar cell
clothes. We expect that we are able to make clothes which function as solar cells by turning fiber itself into p-n inosculation.
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KG-18

Single Quantum Dot Spectroscopy Using Single Quantum Dots Embedded in GaN

Nanostructures
KIM Je-Hyung, KO Young-Ho, GONG Su-Hyun, KO Suk-Min, CHO
Yong-Hoon
KAIST.

Here we demonstrate a single InGaN quantum dot embedded in a highly-faceted hexagonal GaN nanostructures and report
narrow quantum dot emission, linear polarization, biexciton, and single photon generation.[1] To obtain high quality single
quantum dot, we developed chemical vapor-phase etching method of GaN [2] and successfully formed high quality vertical
nanostructures. Then, we formed the InGaN quantum structures by using MOCVD, resulting GaN/InGaN core/shell structures
and observed the formation of single quantum dot on the sharp tip of nanostructures.
The obelisk-shaped nanostructures play an important role in increasing light extraction and minimizing a built-in electric field,
therefore, we observed positive biexciton binding energy and fast exciton recombination time, which are signatures of
negligible built-in field in single InGaN quantum dots. Furthermore, the nano-obelisk structure could be easily detached and
transferred. Therefore, the nano-obelisks provide a fundamental building block for on-chip quantum photonic circuits by
integrating with waveguides and detectors.
[1] J.-H. Kim et al., Ultrafast single photon emitting quantum photonic structures based on a nano-obelisk, Sci. Rep., 3, 2150
(2013)
[2] J.-H. Kim et al., Dislocation-Eliminating Chemical Control Method for High-Efficiency GaN-Based Light Emitting
Nanostructures, Cryst. Growth Des., 12, 1292 (2012)

KG-19

Nanotechnology-Based Strategic Design for Advanced Electrode Materials beyond Lithium

Ion Battery
1,

,

2

. 1POSTECH,

,

. 2University of Texas at Dallas,

.

Modern technology-driven society largely relies on energy storage systems or electric vehicles for eco-friendly transportation
and the use of high technology devices. Lithium rechargeable batteries are the most promising power sources because of its
high energy density but still have a challenge. Graphite is the most widely used anode material in the field of lithium ion
secondary battery due to its many advantages such as good cyclic performances, and high charge/discharge efficiency in the
initial cycle. However, its low energy density is preventing the current lithium ion secondary battery from realizing electric
vehicles or energy storage systems. So, here we will show two-fold pathways to innovatively enhance the energy density of
batteries for large-scale applications. As a first way to solve this problem, we suggest Si-based nanowires(NWs) through
chemical vapor deposition and Si-carbon composite nanofibers(NFs) through electrospinning as the candidate anodes for
lithium ion secondary battery. Electrospun Si-carbon composite NFs displayed excellent cyclic retention and coulombic
efficiency due to amorphous carbon framework accommodating the inherent volume expansion of Si nanoparticles during
lithiation as well as the enlarged contact area between active materials and conducting agent attributed to the morphological
characteristics of its 1D nanostructure. Moreover, we show direct evidence of highly reversible phase transitions during the LiSi alloying/dealloying in Si NWs, which are spatially resolved within the individual NW level, at the full electrochemical cycle
by the electron diffraction and electron energy loss spectroscopy. Actually, lithium-air battery can be the real replacement of
lithium ion secondary battery because of its high theoretical specific energy coming up to 11,140 Wh/kg. So, some of
important issues related to the cathode of lithium-air battery will be also dealt with in this presentation.

KG-20

Influence of Multi-Functional TiOxNy Layer on Transitional Metal oxide -based Resistive

Switching Frame
LEE Ah Rahm, BAE Yoon Cheol, BAEK Gwang Ho, CHUNG Je Bock,
HONG Jin Pyo
Department of Nanoscale Semiconductor Engineering, Hanyang
University, Seoul.
We present the unique features of TiOxNy layer working as electrode in
several resistive switching configurations. At first, multilevel (ML)
resistance switching properties were confirmed in a Pt/Ta2O5x/TiOxNy/TiN/Ta2O5-x/Pt

matrix, in which two bipolar resistive

switching elements Pt/Ta2O5-x/TiOxNy and TiN/Ta2O5-x/Pt are antiserially and electrically connected. The ML features for the three
assigned, distinguishable resistance states are clearly identified by using
an I-V device operation scheme, indicating that the middle TiN and
TiOxNy electrodes are crucial for adjusting ML resistance states.
Second, dual bipolar resistive switching events in simple Pt/Ta2O5x/TiOxNy

and Pt/Ta2O5-x/TiN matrices were also studied. The negative
difference region in a high resistance state allows for the SD transition to
a counterclockwise (CCW) direction. The nature of two different
switching modes was described with a bias-dependent oxygen ion accumulation and depletion process at TiOxNy and TiN
electrode interfaces.

KP-01(

)

Novel Epitaxial Lift-off Process for GaAs Substrate Reuse and Flexible Electronics

CHENG Cheng-Wei
IBM T.J. Watson Research Center, 1101 Kitchawan Rd., Rt. 134, Yorktown Height, NY, 10598 USA.
Epitaxial lift-off (ELO) process has been extensively explored for low-cost flexible optoelectronics application via substrate
reuse since 1978. Although GaAs thin films have been successfully transferred onto different foreign substrates with the
conventional ELO process for flexible solar cell, transistors and etc., it has been proven that several post process are still
required for the reuse of GaAs substrate, which increase the overall cost and prevents flexible GaAs devices from being widely
applied. Here we will introduce the fundamental principles of ELO process and the drawbacks of the conventional method,
then present a novel ELO scheme where the conventional aluminum arsenide based sacrificial layer and HF based etchant are
replaced with phosphide based materials and HCl . This new approach minimizes the postetching residues on the wafer and
provides the surface passivation that keeps the surface smooth during the ELO process, leading to direct reuse of the GaAs
substrate.
Following this new ELO chemistry, a new liftoff technique called surface tension assisted ELO (STAELO) was
proposed and developed to increase throughput and yield to lower the overall process cost. With STAELO process, full wafer
GaAs thin films are successfully transferred onto both rigid and flexible substrates. We also demonstrate several devices,
including light emitting diode (LED) and metal-oxide-semiconductor capacitor (MOSCAP) on foreign substrates, first built on
thin active layers and then transferred to secondary substrates. These results show promise of using this new ELO process for
low cost, high volume III-V device fabrication.

KP-02(

)

Void Formation by Surface-Diffusion-Driven Evolution of Hole Patterns on Si(001)

SUDOH Koichi
The Institute of Scientific and Industrial Research, Osaka University, 8-1 Mihogaoka, Ibaraki, Osaka 567-0047, Japan.
Various void structures can be created in Si substrates, employing spontaneous shape evolution of hole patterns during high
temperature annealing under a non-oxidizing ambient. We study the mechanism of the shape evolution of high-aspect-ratio
holes on Si(001) surfaces, comparing the observed shape evolution with numerical simulations based on the continuum theory.
We find that the shape evolution is caused by surface diffusion. If the aspect-ratio of holes is larger than about 3, the openings
immediately close due to the strong morphological instability of cylindrical shapes upon surface-diffusion-driven evolution. As
a result, vertically elongated closed voids are formed in the bulk Si. Then shape relaxation of the closed voids occurs. When
the separation between holes in the initial hole pattern is sufficiently small, a void layer is formed underneath a thin Si layer
via fusion of the closed voids. We demonstrate that the observed shape evolution of high-aspect-ratio holes is quantitatively
reproduced by the simulation for surface-diffusion-driven evolution subject to the stability of the facets of Si.

KP-03(

)

Realization of sub-20 nm transfer printing via dynamic adhesion control

JUNG Yeon-Sik
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology (KAIST).
The achievement of large-area sub-20 nm transfer printing capability has been hindered by the combined difficulties in the
precise replication of high-resolution masters and the reliable release of functional nanostructures. Here, we present solventassisted nanotransfer printing (S-nTP) technique based on the high-fidelity replication of ultrahigh-resolution (9 – 20 nm scale)
masters and the facile control of interfacial adhesive forces. For the uniform and fast release of metallic nanostructures on
diverse receiver surfaces, the strategy of target-specific control of interfacial adhesion was realized using PDMS gel pad as a
solvent-emitting transfer media, demonstrating unusually versatile and direct printing capability even on biological surfaces
such as human skins and fruit peels. Moreover, we demonstrate the successful formation of 3-dimensionally stacked
nanostructures with controlled alignment angles by implementing S-nTP by multiple times. The fabrication of a Pd-nanowirebased hydrogen detection sensor on flexible plastic substrate and cylindrical glass substrate is also reported as the
demonstration of outstanding feasibility of S-nTP for the applications for printed devices based on sub-20 nm nanostructures.

KP-04(

)

high performance flexible electronics by using transfer printing process

KIM Dae-Hyeong
Center for Nanoparticle Research, Institute for Basic Science,School of Chemical and Biological Engineering,Seoul National
University Seoul 151-744, South Korea.
Electrophysiological signals control major organs in our body, such as heart and brain. By recording electrophysiological
signals with the high resolution and supplying feedback electrical signals to biological electronic circuits comprising nervous
and cardiac systems, our body can actively communicate with the external computer system. The key component in this
communication loop is interfacing electrodes that can make conformal contacts and transfer electrical potentials with high
signal-to-noise ratio. The flexible and stretchable active electronic device fabricated by using conventional microelectronic
technologies and novel transfer printing technology on unconventional plastic and elastomeric substrates1,2 is one of best
interfacing tools due to its low stiffness and high conformality to soft and curvilinear tissues. The addition of flexible high
performance single crystal silicon electronic circuits on the interfacing devices enables multiplexed interfacing for the higher
resolution. The concept of this approach is demonstrated via in-vivo and in-vitro animal experiments3,4. The resulting biointegrated electronic technologies can contribute for important advances in diagnostic and therapeutic surgical tools and related
clinical medicine. (1) D.-H. Kim et al. Science 2008, 320, 507.(2) D.-H. Kim et al. Science 2011, 333, 838.(3) D.-H. Kim et al.
Nature Materials 2011, 10, 316.(4) D.-H. Kim et al. Nature Materials 2010, 9, 511.

KT-01(

) Exploring the Synthesis of Two Dimensional Materials: Graphene, Hexagonal Boron

Nitride, and TMDs
KIM Ki Kang
Dongguk University-Seoul, Department of Energy and Materials Engineering.
Recently, two dimensional (2D) materials including graphene, hexagonal boron nitride, and TMDs (MoS2, MoSe2, WS2,
and WSe2) have been highlighted due to their unique properties such as new physical, chemical properties as well as new
applications in various fields. However, it is still challenge to obtain the large area and high quality 2D materials. In this
presentation, we will overview the recent progress of the synthesis of 2D materials as well as their growth mechanism.
Fundamental physical and chemical properties, and potential applications of each materials are further presented. We expect
that our overview will provide a route to find an ultimate way for synthesizing large area and high quality 2D materials for
future potential applications.

P3-K001

Synthesis and Characterization of Large-Area and Highly Crystalline Molybdenum
Disulphide Atomic Layer by Chemical Vapor Deposition
CHONG-YUN park, SEUN-HO Park, YOOSEOK Kim, JI-SUN Kim, SU-IL Lee, MYOUNG-JUN Cha
,
.

P3-K002*

Direct Imprint Method Of Fabricating Bottom-Gated MoS2 Field-Effect Transistors On
Arbitrary Substrate
IM Seongil, CHOI Kyunghee
Yonsei University, Institute of Physics and Applied Physic.
Molybdenum disulfide (MoS2) has attracted much attention as channel material for field-effect transistors because of its good
carrier mobility, large intrinsic bandgap, and optical properties.
Here, we used direct imprint method using polydimethylsiloxane (PDMS) to exfoliate and transfer MoS2 nanosheet. That
enables the fabrication of patterned bottom-gate MoS2 nanosheet field-effect transistors (FETs) on SiO2/P+-Si and glass
substrates. The imprint-achieved device shows a high linear mobility of ~22 cm2/V∙s along with a on/off current ratio of
~1 10^7, threshold voltage (Vth) of ~-5.9 V, and a subthreshold slope (SS) of ~0.2.
We also controlled threshold voltage of our FETs by modulating MoS2 thickness on patterned bottom-gate and gate length.
We could demonstrate quite an ideal logic inverter by connecting the depletion and enhancement mode MoS2 FETs.
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Growth and characterization of p-type GaAs nanowires grown by MOCVD
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Improved quality of GaN templategrown on sapphire substrates coated with Alumina

KIM SeungHwan, PARK hynho
.
For high quality GaN, the GaN template grown on sapphire substrate coated with Alumina instead of the patterned substrate
or epitaxial lateral overgrowth using a patterned SiO2 mask. The improvement of the quality was caused by coated Alumina,
which was prevented the threading dislocation. Al2O3 powder was coated on sapphire substrate by spin coating method. This
technique has practical advantage in terms of production rate and uniformity compared with other methods. Also, spin coating
method is an easy and economic process. The GaN template was grown on a sapphire substrate coated with Alumina by a
metal-organic chemical vapor. The surface and cross-sectional morphologies were observed with scanning electron
microscopy, atomic force microscopy, and transmission electron microscopy and threading dislocation was investigated.
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Structure and electrical analysis of ZnTe solar cell device grown by pulsed laser deposition

LEE Kyoung Su, LEE Dong Uk, KIM Eun Kyu
Department of Physics, Hanyang University, Seoul 133-791, Korea.
Low-cost, high efficiency solar cells are tremendous interests for the realization of a renewable and clean energy source. ZnTe
based solar cells have a possibility of high efficiency with formation of an intermediated energy band structure by impurity
doping. In this work, the ZnTe thin films were synthesized by pulsed laser deposition (PLD) technique. A pulsed (10 Hz)
Nd:YAG laser operating at a wavelength of 266 nm was used to produce a plasma plume from an ablated a ZnTe target, whose
density of laser energy was 100 mJ/cm2. The base pressure of the chamber was kept at a pressure of approximately 10-6 Torr.
The ZnTe solar cells were fabricated on a n-type GaAs substrates with hole concentration of 5×1018 cm-3. The p-type ZnTe
films were grown at a substrate temperature of 250 oC under various N2 condition during 6 hrs. Finally, metal grid patterns
consisting of Ni (30 nm)/ Au (130 nm) were deposited by e-beam evaporation at room temperature. The In metal contact of
130-nm-thick was deposited on bottom sides. Structure analysis was conducted by scanning electron microscope. The photoelectric conversion efficiency, the open circuit voltage, and the short circuit current were measured by solar simulator under
1.5AM. We will discuss structure and electrical analysis of ZnTe solar cells.
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Efficiency Enhancement of Si solar cells by Low Energy Hyodrogen Ion Implantation at
the End of the Fabrication Process.
1,
,
,
1
. Korea Atomic Energy Research Institute.
We investigated conversion efficiency of Si solar cells using low
energy proton implantation. We have implanted 6 inch p-n junction Si
solar cells with hydrogen ion about a doze of 1016 and 1015 H+/cm2
and electron energy of 4, 7, 10 and 13 KeV, respectively by high current
gaseous ion beam implanter at the end of the cell fabrication process.
The conversion efficiency of the cell implanted with low dose of 1015
H+/cm2 and energy of 4 keV is higher than the Reference and other
implanted cells. However, the cells implanted with hydrogen energy of
7, 10, 13 keV and dose of 1016 H+/cm2, respectively were very much
resistive which caused the degradation in fill factor and efficiency.
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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Hall effect properties for BaIn2Se4 epilayer

HONG Kwangjoon, LEE Kijeong
Department of physics Chosun University.
The epitaxial growth of the photoconductive BaIn2Se4, which have orthorhombic structures, was first achieved through the hot wall epitaxy method. Also, the electrical
and optical characteristics of these epilayers were discussed. From the Hall effect measurement, at a high-temperature range of T>150 K, the mobility decreased as a
function of T-1 and its scattering was mainly due to the acoustic phonon mode of lattice vibrations through a deformation potential. In contrast, the mobility increased
in proportional to T0.6 at a low-temperature range of T<150 K and its scattering was superior to the dislocation scattering. Also, from the relation between the
reciprocal temperature and the carrier concentration, two dominant levels of 136.9 and 27.9 meV were extracted out and they were estimated to be the activation
energies of the shallow acceptor levels caused by the native defects of the upper edge of the valence band. In addition, from the optical absorption measurement, the
bandgap variation of BaIn2Se4 epilayers extracted was well expressed by Eg(T)

2.6261 eV

4.99 ´x 10-3 T2/(T

559).
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Hall effect properties for ZnAl2Se4 epilayer

HONG Kwangjoon
Department of physics Chosun University.
The photoconductive ZnAl2Se4 layers were successfully grown on GaAs substrates through the HWE method. The optimum
temperatures for the growth turned out to be 400 oC for the substrate and 620 oC for the source. Under these optimum
conditions, the grown ZnAl2Se4 layers showed a thickness of 2.5 μm, a growth rate of 1.25 Å/sec, and FWHM on DCXD of
215 arcsec. Also, they were epitaxially accumulated along the <112> direction onto the GaAs (100) and formed into the
stoichiometric composition. From the Hall effect measurement, the mobility showed a maximum of 856 cm2/V·sec at 100 K.
At a high temperature range (T>150 K), it tended to decrease as a function of T-3/2 by increasing the temperature, and increase
as a function of T1 at the low-temperature range (T<77 K). The former was dominant in the scattering of the acoustic phonon
mode due to lattice vibrations and the latter was the scattering having a superior to the dislocation scattering. Also, from the
relationship between the reciprocal temperature and the carrier concentration we extracted out the shallow donor levels located
at 76.9 and 15.5 meV below the edge of the conduction band.

P3-K015

Exciton linewidth on the PL emissions according to the various temperatures of
CdS/GaAs epilayers
HONG Kwangjoon
Department of physics Chosun University.
The hexagonal-structured CdS/GaAs epilayers were grown by the hot-wall epitaxy method. The optical properties attributed
to the thermal quenching phenomenon of CdS were studied through photoluminescence (PL) measurement as a function of
temperature. With increasing 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. Also, the temperature
dependence of the band gap energy on CdS was well interpreted by Eg(T) = 2.5684 – (5.4x10-4)T2/(258.8+T).

P3-K016

Tapping centers due to native defects and impurities in CuAlSe2 limit the photoresponse

with decreasing temperature
HONG Kwangjoon
Department of physics Chosun University.
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Ballistic transport in InGaAs/InAlAs/GaAs HEMT at low temperature

LEE Jongkyung, JO Yongcheol, KIM Jongmin, WOO Hyeonseok, KIM Sunhu, KIM Jiman, PARK Wooyoung, JO Hansol,
HAN Jaeseok, INAMDAR A. I., PAWAR S. M., IM Hyunsik, KIM. Hyungsang
.
In this paper, we have investigated the ballistic transport in a 100nm InGaAs/InAlAs metamorphic high electron mobility
transistor (mHEMT). In order to identify ballistic transport, we have measured ballistic mobility of our device between 10K300K in the low-bias linear region. Modeled ballistic mobility based on ballistic transport theory and self-consistent
Schrödinger-Poisson equation is in good agreement with the measured data.
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A Non-Vacuum Approach for Fabrication of Cu2ZnSnSe4 Solar Cell and

its Characterization
KHADKA Dhruba B., KIM SeongYeon, SONG Soomin, KIM JunHo
Department of Physics, Incheon National University, Yeonsu-gu, Songdo-dong, 12-1, 406-772, Incheon, Republic of Korea.
Kesterite-based Cu2ZnSnSe4 (CZTSe) solar cell of 5.75% efficiency has been fabricated by a vacuum-free solution based
method, chemical spray pyrolysis. In this fabrication route, the metallic salts of preferred stoichiometry were dissolved in nontoxic solvent and subsequently sprayed on Mo-coated soda lime glass and selenized under selenium vapor ambient at high
temperature. The electrical properties of fabricated CZTSe solar cell were investigated by measuring J-V-T and EQE. The free
carrier density and defect formation in the solar cell were studied by Capacitance based characterization methods; Capacitancevoltage and Capacitance- frequency measurement. In this communication, we analyzed electrical properties of solution based
sprayed CZTSe solar cell in detail.
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Structural Transition and Band Gap Tuning of Fe-alloyed Cu2ZnSnS4 Chalcogenide for

Photovoltaic Application
KHADKA Dhruba B., KIM JunHo
Department of Physics, Incheon National University, Yeonsu-gu, Songdo-dong, 12-1, 406-772, Incheon, Republic of Korea.
Polycrystalline Cu2ZnzFe1-zSnS4 (CZFTS) thin films have been fabricated using chemical spray pyrolysis accomplished with
post-sulfurization. The post-sulfurized CZFTS films demonstrate promising morphological, structural and optical properties
for photo-absorber in thin film photovoltaic. The X-ray diffraction data analysis suggests the structural transition from stannite
to kesterite structure as the Zn:Fe ratio increases in CZFTS alloy which is supported by Raman scattering analysis as well. The
band gap energies of post-sulfurized CZFTS films were estimated to be tuned from <!--[if !msEquation]--> <!--[if !vml]--><!-[endif]--><!--[endif]-->1.36 to 1.51 eV in parabolic trend with increasing Zn content (0 ≤ z ≤ 1) in the film stoichiometry. A
small bowing constant b~<!--[if !vml]--><!--[endif]--><!--[endif]-->0.1 eV deduced from band gap bowing model implicates
good miscibility of alloyed constituents in the host crystal lattice and parabolic trend of band gap tuning.

P3-K020

Effect of Post-Annealing on CZTS Solar Cell Fabricated by Spin Coating Method

SONG Soomin, KIM SeongYeon, KIM JunHo, PARK Si-Nae1, SUNG Shi-Joon1, SON Dae-Ho1, KIM Dae-Hwan1, KANG
Jin-Kyu1
Department of Physics, Incheon National University, Yeonsu-gu, Songdo-dong, 12-1, 406-772, Incheon, Republic of
Korea. 1Daegu Gyeongbuk Institute of Science and Technology (DGIST), Daegu 711-873, Republic of Korea.
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Study of Cu(In,Ga)Se2 Solar Cells with In2S3 Buffer Layer Deposited by Thermal

Evaporation at Various Substrate Temperature
KIM SeongYeon, KIM JunHo, GWAK JiHye1, YUN JaeHo1, YOON Kyung-Hoon1
Department of Physics, Incheon National University, Yeonsu-gu, Songdo-dong, 12-1, 406-772, Incheon, Republic of
Korea. 1Korea Institute of Energy Research, Yuseong-gu, Gajeong-ro, 152, Daejeon, Republic of Korea.
Indium based buffer layer is one of the alternative to cadmium free chalcogenide solar cells. There are many methods to
deposit In2S3 buffer layers such as sputtering, spray pyrolysis, chemical bath deposition (CBD), thermal evaporation, atomic
layer deposition (ALD) and physical vapor deposition (PVD). We fabricated Cu(In,Ga)Se2 solar cells with In2S3 buffer layers
using thermal evaporation with varying substrate temperature of without annealing, 150, 200, 250, 300 and 350℃.
Furthermore, we performed comparative study of Cu(In,Ga)Se2 thin film solar cells having In2S3 buffer layer deposited by
thermal evaporation and spray pyrolysis. In this experiment, we obtained highest conversion efficiency of 6.56% from thermal
evaporation at annealing temperature of 250℃ and 16.61% from spray pyrolysis, respectively. We analyzed the performance
of fabricated solar cells with J-V, Voc-T, Quantum Efficiency, c-f-T measurement.
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GaN-LED

Potentiostatic EIS SnO2 data for various deposition condition

JEONG Jin
Chosun University.
This study Potentiostatic measured at CMS 300 electrochemical Impedance spectroscopy system for deposition time for 5,
10, 20, 60 minutes. The electrochemical properties were examined by means of potentiostatic polarization test,
potentiodynamic polarization test, and electrochemical impedance spectroscopy(EIS). Nyquist plot

P3-K028

The transition of resistivity, carrier density and hall mobility for SnO2 Thin Films change
the Temperature and deposition time.
JEONG Jin
Chosun University.
Hall effect measurements have been used to evaluate the conduction mechanism, exhibited by tin oxide thin film gas sensors
deposited by chemical vapour deposition. From the measurements performed it was possible to infer the potential barrier and
its dependence with the atmosphere used. The result obtained for the carrier concentration and mobility have been analysed in
the light of the oxygen diffusion mechanism at grain boundaries by using the grain boundary-trapping model. In the presence
of the methane gas the electrical resistivity decreases due to the lowering of the inter-grain boundary barrier height.
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Bulk MoS2

PARK Wooyoung, JO Yongcheol, KIM Jongmin, WOO Hyeonseok, CHO Hansol, CHOI Jiman, CHO Sangeun, KIM Inho,
KIM Seonhoo, LEE Jongkyung, HAN Jaeseok, INAMDAR A. I., PAWAR S. M., KIM Hyungsang, IM Hyunsik
Dongguk University, Division of Physics and Semiconductor science.
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Schottky Barrier Modulation of Metal/4H-SiC Junction with Thin Interface Spacer Driven
by Surface Polarization Charge on 4H-SiC Substrate
CHOI Gahyun, JEON Youngeun1, LEE Jung Yong, YOON Hun Han, BAHNG Wook2, PARK Kibog3
Department of Physics, Ulsan National Institute of Science and Technology (UNIST). 1School of Electrical and Computer
Engineering, Ulsan National Institute of Science and Technology (UNIST). 2Power Semiconductor Research Center, Korea
Electrotechnology Research Institute (KERI). 3Department of Physics and School of Electrical and Computer Engineering,
Ulsan National Institute of Science and Technology (UNIST).
We show the effect of spontaneous polarization (SP) of 4H-SiC on electrical behaviors of a metal/4H-SiC Schottky contact
with a thin insulating spacer layer inserted at its interface. The current-voltage (I-V) and capacitance-voltage (C-V) curves
measured on Au/Ni/Al2O3(3nm)/4H-SiC and Au/Ni/4H-SiC junctions are used to investigate their electrical properties. The IV characteristics of Au/Ni/Al2O3(3nm)/4H-SiC junction show that the junction behave like a typical metal/semiconductor
(M/S) contact, meaning that the spacer layer is thin enough for charge carriers (electrons) to tunnel through and it only
separates the metal and semiconductor a bit further compared with the case of no spacer layer. The SP of 4H-SiC estimated
from the difference in the measured energy barriers for the two junctions is fairly close to the theoretically predicted value. It is
believed that the negative surface polarization charge due to the SP of 4H-SiC makes the energy barrier of the
Au/Ni/Al2O3/4H-SiC junction increase with respect to the Au/Ni/4H-SiC junction.
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Role of oxygen-doped metal spacer as a diffusion sponge on the enhanced annealing
stability of perpendicular magnetic anisotropy features in CoFeB/MgO interface for the STT-MRAM
application
YANG Seungmo, LEE Jabin, ANN Gwangguk, KIM Jaehong1, CHUNG wooseong2, HONG JinPyo
Department of Physics, Hanyang University, Seoul, Korea. 1Division of Nano-Scale Semiconductor Engineering, Hanyang
University, Seoul 133-791, South Korea. 2Department of Electronics and Computer Engineering, Hanyang University, Seoul
133-791, South Korea.
Perpendicular magnetic anisotropy (PMA) has become one of the key factors in future spintronics. The PMA materials
including Co/Pt multilayer and FM/RE alloys were widely tested due to their high perpendicular magnetic anisotropy values.
However, recent works reported that the direct contact between these materials and MgO barrier provided a low tunneling
magnetoresistance (TMR) ratio that might originate from a discrepancy in their structures. Ikeda et al. proposed the significant
enhanced PMA features at the interfaces between CoFeB and MgO, resulting in a high TMR ratio with MgO barrier. As the
CoFeB thickness is decreased under 1.4nm, the out-of-plane direction becomes the magnetic easy axis due to the large
anisotropy at the CoFeB/MgO interface. However, recent research reported that this anisotropy starts to deteriorate after
around 350 °C annealing process. Possible reason of this degradation is Tantalum diffusion into CoFeB/MgO interface under
annealing. Therefore, this work reports the influence of oxygen doped metal spacer on the annealing stability enhancement for
perpendicular magnetic anisotropy features in CoFeB/MgO interface. The possible nature is also described by adapting metal
diffusion via vacancies or grain boundaries.
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Synthesis of transfer-free graphene on insulating substrates by rapid thermal processing
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MoS2 Schottky Diode based H2 and Photo Sensor using Pd Electrode

IM Seongil, KIM Jin Sung, LEE Hee Sung, CHOI Kyung Hee
Yonsei University, Institute of Physics and Applied Physics.
Two-dimensional layered materials have been extensively studied as building blocks for future nanoscale devices. Very
recently, molybdenum disulfide (MoS2) having a bandgap of 1.2~1.8 eV appeared to overcome the limitation of graphene that
could hardly be used for switching device due to its small bandgap. In this report, we introduce multifunctional sensor devices
based on MoS2 nanosheet which exhibit relatively good on/off ratio. Two shocttky diodes using a same MoS2 nanoflake were
serially connected to form an sensor device. For the device fabrication, we patterned and deposited Pd (work function of ~ 5.2
eV) electrode on a MoS2 nanoflake to make a Schottky contact. Our sensor device shows a thickness dependent currentmodulation properties caused by different Schottky barrier heights of each MoS2 device. Using thickness-dependent effect and
Pd metal property, the sensor device has multifunctional properties such as electrical rectification, photo sensor and hydrogen
sensor.
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Influence of copper diffusion barrier in Cu/TaOx/Pt based conductive bridge memory

BAEK GWANGHO, BAE YOONCHEOL, LEE AHRAHM, CHUNG JEBOCK, HONG JINPYO1
Hanyang University, Division of Nano-Scale Semiconductor Engineering. 1Hanyang University, Department of Physics,
Division of Nano-Scale Semiconductor Engineering.
Conductive bridge memory (CBM) is increasingly becoming one of the promising non-volatile memory candidates. It is
well-known that the formation of multiple-filament paths in the CBM easily induces uniformity issues in resistive switching
behaviors. In this work, we demonstrate the dramatically improved distributions in a high resistance state (HRS) and low
resistance state (LRS) by adapting an artificial copper diffusion barrier between Cu/TaOx interfaces in Cu/TaOx/Pt structure
for the control of randomly created filament path. We believe that the inserted diffusion layer permits Cu atoms or ions to
migrate to TaOx layer only along grain boundaries
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2D Nanosheet MoS2-based Device Applications: Photo Detectors An Memory Transistors.

IM Seongil, LEE Hee Sung
Yonsei University, Physics and Applied Physics.
We fabricated two kinds of device using various layered-MoS2. First, we demonstrated top-gate photo-detectors based on a
few-layered MoS2 nanosheet with a transparent ITO gate electrode. Our devices with triple MoS2 layers exhibited excellent
photo-detection capabilities for red light while those with single and double-layer turned out to be quite useful for green light
detection. The photo-electric probing on working transistors demonstrated also. Next, top-gate nonvolatile memory field-effect
transistors with single- to triple-layered MoS2 nanosheets adopting a ferroelectric polymer P(VDF TrFE) was demonstrated.
This nonvolatile memory FET with single layer MoS2 channel exhibited little degradation in its retention properties as
measured up to 1000 s maintaining ~5x103 as program/erase ratio and also displayed high mobility of 220 cm2/V∙s.
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The Formation of GaAs Nanowires by MOCVD on ZnO Thin Films
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InGaN GaN green nanorod Light Emitting Diode with graphene as a current spreading

electrode
LEE Gun Hee, SEO Tae Hoon, PARK Ah Hyun, LEE Seul Be, SUH
Eun-Kyung
School of semiconductor and Chemical Engineering, Semiconductor
Physics Research Center, Chonbuk National University.
Recently, graphene has been attracting much attention due to its
outstanding physical properties such as quantum electronic transport,
extremely high intrinsic mobility, thermal conductivity and high optical
transmittance. In particular, graphene can be used as promising nextgeneration top current spreading electrode (CSE) of nanorod LEDs due
to high mechanical flexibility.In this work, we introduce graphene
electrode as CSE of nanorod green LEDs (NGR-LEDs) to connect each
individual nanorod. KOH treatment were done to cure the damaged region by ICP process.Figure 1 shows the tilted scanning
electron microscopy (SEM) images of NGR-LEDs with graphene electrode. The diameters of nanorods are about 100-300nm.
Graphene electrode is successfully attached and forms close packed contacts only onto to p-GaN layer in NGR-LED
structures, as shown in SEM image of Fig. 1, due to the excellent mechanical properties of graphene. Both visible light and
electron beams can penetrate very thin layer of graphene, and thus, graphene electrodes are clearly observed on nanorods in the
SEM image.
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Structural and optical properties of CdS/CdSe core-shell quantum dots

MAN Minh Tan,
,
.
Semiconductor core-shell quantum dots (QDs) have been particularly attractive because of interest in investigations of
fundamental physics, their novel optical and electronic properties associated with quantum confinement effects and their
promising potential application for electronic and optoelectronic devices, such as memory devices, light-emitting devices and
solar cells. Efficient luminescent quantum dots form an important and interesting class of luminescent materials. They have
demonstrated excellent optical properties and higher photochemical stability than most organic emitters. Their broad
absorption spectrum and narrow emission band would be tunable by changing their size. Their broad absorption spectrum and
narrow emission band would be tunable by changing their size. Progress made in the synthesis of fluorescent quantum dots, the
path of direct solution chemical has been widely used for synthesis of semiconductor QDs because of these methods allow us
to create QDs have a narrow size distribution. In this work, we have investigated the possibility of manufacturing the CdS and
CdS/CdSe core-shell QDs by means consequential growth of CdS and CdSe. Transmission electron microscopy (TEM) and Xray diffraction measurements were performed to characterize the stoichiometry and the microstructures properties of
CdS/CdSe core-shell QDs. So the influences of shell on absorption spectrum and photoluminescence (PL) spectra at room
temperature are investigated and discussed. These colloidal QDs exhibit interesting optical properties. The outmost shell plays
an important role in the PL spectra of the core/shell QDs. The hole and the electron can be confined in the core or shell by
changing the structure of the core-shell, resulting in a big change in PL intensity.
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Optical Properties of Sb-doped SnO2 Thin Films Grown Using Cosputtering Deposition

Method
SO Hyeon Seob, PARK Jun Woo, JUNG Dae Ho, KO Kun Hee, LEE Hosun
Department of Applied Physics, Kyung Hee University.
We grew antimony (Sb) doped tin dioxide (SnO2) thin films by RF sputtering deposition method. Sputtered targets were both
SnO2 and Sb(8wt%) SnO2 targets. We grew variously Sb-doped SnO2 thin film by cosputtering method. The Sb composition
was estimated using energy dispersive X-ray analysis. We investigated the optical and electrical properties of amorphous
doped SnO2 thin films, and also the crystalline SnO2 thin films which were annealed at the temperatures between 200 oC and
800 oC. We measured X-ray diffraction patterns of the SnO2:Sb thin films. Using spectroscopic ellipsometry, we measured the
ellipsometric angles of SnO2:Sb thin films and obtained the dielectric functions and optical gap energies. We found increasing
Drude tails, a signature of free carriers, from the annealed thin films with increasing Sb composition. From the dielectric
functions, we obtained the critical points of SnO2:Sb thin films by using standard critical point model on the second derivative
of the dielectric functions.

P4-K050

Effect of High Temperature Annealing on the Crystallinities and Electrical Proferties of
Hydrogen Implantaed Si Solar Cells
1,
,
,
1
. Korea Atomic Energy Research Institute.
We investigated the crystallinities and electrical properties of hydrogen
implanted Si solar cells by high temperature annealing. We have
implanted Si solar cell with hydrogen ion about a doze of 1017 H+/cm2
and electron energy of 25 KeV by high current gaseous ion beam
implanter and annealed at various temperature by using rapid thermal
annealing. The sample annealed at 600℃ shows amorphous peak
centered at 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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Condition of high-quality growth for CuInSe2 layers grown by hot wall epitaxy

YOU Sangha, HONG Kwangjoon
Department of physics Chosun University.
Copper indium diselenide (CuInSe2, CIS), which crystallizes to the chalcopyrite structure, has received considerable attention
in recent years because of its applications in photovoltaic devices. Moreover, it is one of the most environmental-friendly
materials of Cd-free buffer layers because of its high absorbance of the solar cells in the UV visible range . The electro-optical
properties of CIS strongly depend on native defects due to the deviation of the stoichiometry. Therefore, reduction of the
stoichiometry deviation during crystal growth is required. As such, CIS layers have been grown by many different techniques
such as metalorganic chemical vapor deposition (MOCVD), metalorganic vapor phase epitaxy (MOVPE), and molecular beam
epitaxy (MBE), chemical bath deposition (CBD), electrodeposition (ED), RF sputtering, chemical spray pyrolysis (CSP), and
electron beam evaporation. In fact, hot wall epitaxy (HWE), which has been used to grow a high-purity ZnSe epitaxial layer at
low temperatures , is one of the better methods for CIS growth. Thus, HWE has been especially designed to grow epilayers
under the condition of near thermodynamic equilibrium . But, CIS growth by HWE method was rarely reported before now.
In this paper, we proceeded to grow high-quality CIS epitaxial layers using HWE. The optimum condition of the grown CIS
layers was investigated by means of the photoluminescence (PL) technique. Also, the composition ratio of each element of the
grown epitaxial layers was checked by an energy dispersive X-ray spectrometer (EDS). From these results, we discussed the
structural and band gap

P4-K053

Temperature dependence of mobility and photocurrent on CuInSe2 layers

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 ´ 10-4)T2/(T + 129).
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Fabrication of Polycrystalline Cu-Alloyed FeS2 Thin Films Using Chemical Spray Pyrolysis

RANA Tanka Raj, KHADKA Dhruba B., KIM JunHo
Department of Physics, Incheon National University, 119 Academy-ro, Yeonsu-gu, Incheon, 406-772, Republic of Korea.
We fabricated stoichiometric polycrystalline CuxFe1-xS2 (CFS) (x= 0-0.5) thin films using chemical spray pyrolysis followed
by post-sulfurization. Post-sulfurized CFS films were observed to be grown with compact and good crystalline texture. The
single annealed CFS (x>1) was found to be chalcopyrite CFS (CH-CFS) phase whereas the double annealed CFS films were
grown with Cu-incorporated pyrite CFS (P-CFS) phase as of iron pyrite FeS2 family, which was confirmed by X-ray
diffraction (XRD), Raman spectroscopy and energy dispersive X-ray spectroscopy (EDS) results. The band gap energies of
single annealed CH-CFS films were estimated to be as 1.063-1.194 eV and that of double annealed P-CFS films were found to
be as 1.10-1.178 eV by the UV-Vis absorption measurement. The band gap energies of single and double annealed FeS2 were
estimated to be as 1.005 and 1.051 eV, respectively.
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Investigation of DC sputtered Mo on soda-lime glass for CIGS solar cells.

AHN HEEJIN, UM youngho
university of ulsan, department of physics.
Because of its low resistivity and high melting point, the deposited thin films of molybdenum (Mo) are increasingly being used
as the gate electrode in GaAs-based metal semiconductor field effect transistors (MESFETs) and silicon-based metal-oxidesemiconductor (MOS) devices. Mo also emerged as the dominant choice for back contact layer of CuInSe2 (CIS) and its
gallium alloys (CIGS)-based solar cells. The back contacts of CIGS solar cells play an important role in impacting the cell
performance. There are some prereqiusite properties for the metallic materials as the back contacts of CIGS solar cells
including (1) good adhesion to the SLG substrates, (2) high conductivity (3) formation of an ohmic contact with the CIGS
absorbers, (4) appropriate thermal expansion coefficients matched to the SLG substrates and to the CIGS absorber, (5) serving
as proper transport gate for sodium diffusion from SLG substrates into CIGS absorber, (6) chemical inertness with Cu, In and
Ga and (7) high stability during the subsequent deposition processes for the fabrication of CIGS solar cells. The influences of
deposition parameters on the structural, electrical and morphological properties of the Mo films deposited on the soda-lime
glass by DC magnetron sputtering were investigated. The results revealed that there was significant impact of substrate
temperature on the properties of deposited Mo films. The preferred orientation of Mo films was along the (110) direction, and
another observed diffraction peak was along the (211) direction. The results will be presented in detail.
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Design and fabrication of a SiPM with high density.
1,

,

1

,
. 1
,
.
The silicon photomultiplier (SiPM) with capability of single-photon counting is an extremely sensitive detector to the visible
light. A photo-sensor consisting of SiPM arrays can be used as a fast image sensor particularly in the environment of extremely
low light. The reducing pixel size is a natural step forward to realize high resolution image where a large number of pixels are
required. We have fabricated a high density SiPM consisting of 103 photodiode micropixels in an area of 0.5 × 0.5 mm2. The
SiPM has an amplification factor of 5.5 × 105 at the bias voltage of 58.5 V. In this letter, we describe the design, fabrication
and performance of the high density SiPM.
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Electrical properties of GaN non-volatile memory device including Au quantum dots and

graphene
LEE Dong Uk, SO Joon Sub, QIU Dong Ri, OH Gyujin, LEE Kyoung Su, KIM Eun Kyu
Department of Physics and Quantum-Function Research Laboratory, Hanyang University, Seoul 133-791.
A quantum dot (QD) nonvolatile memory is a candidate for the next generation three-dimensional integrating circuit device
through the effect of quantum confinement and transportation. Recently, the graphene is one of important materials because of
its high carrier mobility, mechanical flexibility, one atomic layer thickness, and versatile chemistry. Also, GaN material has a
strong possibility for the nonvolatile memory device that caused by strong thermal resistance and high carrier mobility. In this
study, we demonstrate the GaN non-volatile memory device consisting of Au quantum dots (QDs) and multi-layered graphene.
The multi-layer graphene on the Cu thin film grown by chemical vapor deposition was transported on the SiO2/Si substrate by
using polyimide. In order to suppress the plasma damage of the graphene layer during sputtering process of GaN layer, the 5nm thick of Al2O3 layer created on the multi-layered graphene using an oxidation process for Al layer deposited by thermal
evaporation. The 150 nm thick GaN layer including Au QDs deposited on the Al2O3/multi-layered graphene layer by
sputtering system. And then, source and drain were defined on the GaN surface that channel length was 10 µm. The electrical
properties of GaN based memory device with QDs and graphene layer are evaluated and discussed for the application of
nonvolatile memory.

P4-K064*

The inverter with few-layer MoS2 and organic pentacene

KIM Dahye, DU Hyewon, KOO Hyungjun, KIM Taekwang, SHIN Somyeong
.
MoS2, among the two-dimensional (2D) TMD materials, is attractive due to its excellent electrical characteristics, flexibility
and optoelectronic property. To overcome of the absence of bandgap in graphene, MoS2 transistor has been widely studied and
its mobility gradually enhanced by modification of structure or environments such as electrode materials or gate dielectrics.
However, for the complimentary metal-oxide-semiconductor(CMOS) application, another P-channel transistor is required to
design the basic inverting scheme with N-channel MoS2 transistor. In order to utilize the advantage of 2D materials like
flexibility, we selected organic pentacene which is the most superior and popular substance as the other p-type correspondent
transistor. Using electron beam lithography, we patterned Source and Drain electrodes for the back gated transistor of
exfoliated MoS2 and defined channel region of pentacene transistor with metal electrodes near the MoS2. Pentacene was
evaporated onto this channel region with precisely contacted shadow mask. We evaluated the transfer curve of each device and
dc voltage gain of the integrated inverter.

P4-K065

Boundary and Surface on SnO2 Thin Films Grown by different Oxygen Flow gas with
atomic scale grain and its effect of SnO2 thin films.
JEONG Jin, SHIN Young Jin
Chosun University.
X-ray diffraction showed that the crystallinity of the grown thin films increased with increasing oxygen gas flow rate.
Abnormal grain growth occurs when SnO2 thin films are deposited by conventional thermal CVD at different deposition
temperature, and high-resolution transmission electron microscopy shows some of the column structure to be atomically
abnormal grain. The surface boundary analysis between Si substrate and SnO2 thin films with atomic scale showed amorphous
shaped.
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Ge-Se

JAE-MIN CHOI, SANG-YEOL SHIN1, HYUNG-WOO AHN, JUHEE SEO, BYUNG-KI CHEONG, SUYOUN LEE
Electronic Materials Research Center, Korea Institute of Science and Technology. 1Department of Mater. Sci. & Eng., Korea
Aerospace University.
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Spin filtering in a magnetic barrier structure: in-plane spin orientation

KIM Nammee, KIM Heesang
Department Physics, Soongsil University.
We investigate ballistic spin transport in a two dimensional electron gas system through magnetic barriers of various
geometries using the transfer matrix method.
While most of the previous studies have focused on the effect of magnetic barriers perpendicular to the two dimensional
electron gas plane,we concentrate on the case of magnetic barriers parallel to the plane.We show that resonant oscillation
occurs in the transmission probability without electrostatic potential modulation which is an essential ingredient in the case of
ordinary out-of-plane magnetic barriers.
Transmission probability of the in-plane magnetic barrier structure changes drasticallyaccording to the number of barriers and
also according to the electrostatic potential modulation applied in the magnetic barrier region.

Using a hybrid model consisting of a superconductor, ferromagnets, and a two dimensional electron gas plane, we show that it
can serve as a good in-plane oriented spin selector which can be operated thoroughly by electrical modulation without any
magnetic control.
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Non-destructive Patterning of Rubrene Thin-film Transistors via Electron Irradiation of
Polystyrene Dielectrics
KIM Jaejoon, CHO Sungcho, PARK Jiwon
KAIST, Nuclear and Quantum Engineering Department.
We have developed an unprecedented method for patterning of
polycrystalline rubrene thin-film by electron irradiation and postannealing crystallization process. By electron irradiation, polystyrene
only at irradiated area was cross-linked with higher thermal stability.
After successive thermal-evaporation and abrupt-heating induced
crystallization of rubrene, rubrene on irradiated area was crystallized as an orthorhombic phase of high mobility. Oppositely,
rubrene on non-irradiated area was crystallized as a triclinic or amorphous phase of low mobility with consuming most heat to
the polymeric chain movements. The patterned polycrystalline rubrene thin-film transistor showed clear patterning effects with
increased on/off ratio and non-degraded mobility value after patterning.
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Effect of Different Processing on Positive Bias Stress-Induced Degradation in Amorphous
InGaZnO Thin-Film Transistors
HONG Jinpyo, KIM Taeyoon, KANG Taesung
Novel Functional Material and Devices Lab, Department of Physics, Hanyang University, Seoul, Korea.
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
study a novel growth technique for the effective reduction of threshold voltage shifts by different processing during the growth
of a-IGZO TFT. This growth technique is intentionally designed to provide the enhanced mobility and stability due to external
environment of a-IGZO thin film, corresponding to the reduction of threshold voltage shifts and shallow electron trap sites in
the back channel surface. Various analytic instruments including AFM, XPS, EDS, electrical bias stability test and UV-visible
spectroscopy were systematically used for novel processed IGZO TFTs.
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It is well known that ZnO is a multi-functional including semiconductor and piezoelectric material. ZnO has a direct and wide
band gap of 3.27 eV. Furthermore, ZnO has a high exciton binding energy of Eb = 60 meV at room temperature. However,
pure ZnO film has n-type conduction with a carrier concentration and a resistivity of ∼1019 /cm−3 and 0.1 Ωcm. Therefore,

ZnO with good electrical properties must be developed for industrial applications. In this presentation, Ge doped ZnO thin
films were grown by a pulsed laser deposition system by controlling the deposition conditions of temperature. The structures
of Ge doped ZnO thin films were investigated by an X-ray diffractometer confirming the formation of the hexagonal Wurtzite
structure. Optical properties of the films, including transmittance and energy band gap, were studied by an UV-IR
spectroscopy. Band bowing effect was confirmed by UV-IR spectrum. Details of the results will be present in this presentation.
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Anomalous Reduction Of The Switching Voltage Of Bi-Doped Ge0.5Se0.5 Ovonic Threshold

Switching (OTS) Deivces
SEO Juhee, SEO Juhee1, AHN Hyung-Woo2, CHOI Jae-Min, CHEONG Byung-ki, LEE Suyoun
Electronic Materials Research Center, Korea Institute of Science and Technology. 1University of Science & Technology,
Department of Nanomaterials Science and Engineering. 2Department of Material Science and Engineering, Korea University.
As a consequence of ceaseless shrink in size, switching devices based on single crystalline Si have encountered serious
problems such as the generation of enormous heat, decrease in driving-current capacity, and unreliable functions. Alternative
devices based on advanced materials and structures have been suggested, among which Ovonic Threshold Switching (OTS)
device is receiving much renewed attention due to its unique property. Promising characteristics have been demonstrated such
as high switching speed down to several nsec and high driving current capacity over 107 A/cm2. but the reduction of switching
voltage is a major challenge. Here we show the effect of Bi-doping in Ge0.5Se0.5 thin films on their thermal, optical, electrical
properties, as well as on the characteristics of OTS devices. As Bi increased, it was found that both of the bandgap (Eg) and the
depth of trap states decreased resulting in a drastic reduction of the switching voltage (VTH) by over 50%. Furthermore, as OTS
device is made to assume a thin-film form, enabling devices to be stackable in the vertical direction hence further extension of
the Moore’s law. Due to these merits, as OTS device is considered as a promising next-generation selector device for the
memory and display device is place of present day selector devices such as a MOSFET and a thin-film-transistor (TFT).

LG-01

Resolving the surface singularity problem in Eddington-inspired Born-Infeld gravity

.
We study phenomena happening at the surface of a star in Eddington-inspired Born-Infeld (EiBI) gravity.
The star is made of particles, which are effectively described by a polytropic fluid.
The EiBI theory was known to have a pathology that singularities happen at a star surface.
We suggest that the gravitational back-reaction on the particles cures the problem. Strong tidal forces near the (surface)
singularity modify the effective equation of state of the particles or make the surface be unstable depending on its matter
contents.
The geodesic deviation equations take after the Hooke's law, where its frequency-squared is proportional to the scalar
curvature at the surface.
For a positive curvature, a particle collides with a probing wall more often and increases the pressure.
With the increased pressure, the surface is no longer singular.
For a negative curvature, the matters around the surface experience repulsions with infinite accelerations.
Therefore, the EiBI gravity is saved from the pathology of surface singularity.
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ISW-Effect as a Possible Cause for Detected Non-Gaussianities in the Surrogate CMB

Analysis
KIM Andrea, RAETH Christoph1, MODEST Heike1, WON Eunil2
Korea University, Department of Physics. 1MPE (Garching). 2Korea University.
Using the method of surrogates, higher order correlations (HOC) where found in the CMB data. As a further step to determine
the origin of these HOC we investigate the influence of the ISW-effect on our analysis. For this cause we subtract ISWtemplets for WMAP CMB data as well as templets for Planck data and compare our analysis results with published results that
claim HOC in the temperature maps with a significance up to 6 sigma.
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Environment experiment of the T/BCD in the ISS-CREAM

KIM Hong Joo, HWANG YoungSeok, PARK JeongMin, HYUN HyoJung, KANG KookHyun, JEON Hyebin, PARK
Hwanbae
Kyungpook National University.
The Cosmic Ray Energetics And Mass experiment (CREAM) on the International Space Station (ISS) is aiming to measure
the elemental spectra of high energy cosmic rays. The Top Counting Detector (TCD) and Bottom Counting Detector (BCD)
are designed for separating the electron and the hadronic particles. The TCD/BCD also provided redundant trigger for
calorimeter and cosmic rays. Each TCD/BCD consists of 400 photo-diodes (PDs) and a plastic scintillator. The scintillation
light is produced when particles pass through the scintillator. The electron-hole pairs in the PD are created by the scintillation
light or incoming particles and charges are collected in the electrode and amplified by VLSI charge amp/hold circuits. The test
verifies T/BCD performance in a simulated space environment with temperature, vacuum and vibration. The goal of these tests
is to qualify the mechanical design and the electronics performance of the T/BCD by verifying the fundamental frequency that
exceed the maximum expected launch and ascent environments to verify the interface loads between the T/BCD and the
primary CREAM structure and the operational thermal and vacuum level. The thermal-vacuum test was performed at the
Korea Aerospace Research Institute (KARI) and the vibration test was performed at the KeiMyung University (KMU). We
also measured the characteristics of T/BCD as signal to noise ratio, cosmic ray and gain of T/BCD. The characteristics and
performances of the TCD and BCD is presented.

LG-05*

Planck Constraints on Slow-roll Inflation coupled to Gauss-Bonnet Term

GANSUKH Tumurtushaa, SEOKTAE Koh1, WONWOO Lee2, BUM-HOON Lee
Department of Physics, Sogang University, Seoul 121-742, Korea. 1Department of Science Education, Jeju Natioanl
University, Jeju 690-756, Korea. 2Center for Quantum Spacetime, Sogang University, Jeju 121-742, Korea.
We have studied the slow-roll inflation with the high order correction term such as Gauss-Bonnet term which is coupled to
inflaton field nonminially. We also have investigated the inflationary solutions analytically as well as numerically for specific
type of the nonminimal coupling to the high order correction term. Also, we calculated the observable variablessuch as power
spectrum, spectra indices and tensor-to-scalar ratio, analytically. Finally, we have constrained our result with observational
data by Planck CMB data set.

LG-06

Status of the Silicon Charge Detector for the International Space Station CREAM

experiment
LEE Jik, CHO Sang Woo, JEON JinA, LEE Hye Young, PARK Hwi Woo, PARK Il Hung
,
.

LG-07

Axisymmetric GR-Hydrodynamics code for tabular barotropic equation of states

KIM Hee Il, WAN Mew-Bing1, LEE Hyung Mok2
SNU, Astronomy Program / KISTI. 1APCTP. 2SNU, Astronomy Program.
We introduce an axisymmetric general relativistic hydrodynamics code. Many dense matter EoSs are given in tabular data
neglecting the temperature dependence, i.e., assuming barotropic EoS. By handling the tabular data, our code constructs the
initial data of rotating neutron stars and makes the evolution of the stars. We test our code for various initial data using various
numerical schemes of the high resolution shock capturing method.

LG-08

Hawking Temperature of a Wormhole in Friedmann-Robertson-Walker model

KIM Sung-Won
Ewha Womans University.
We consider the the spacetime of a wormhole in FRW (Friedmann-Robertson-Walker) cosmological model. There are two
horizons in the model: the apparent cosmological horizon and the wormhole trapping horizon. The Hawking temperature near
the horizons are calculated through the formula on the surface gravity and the WKB approximation for tunneling probability.

LG-09

A physically feasible gravitational softening in a model using smoothed particle
hydrodynamics method.
, MaribMir Lab..
N-body cosmological simulation
smoothed particle hydrodynamics method
1/( r + epsilon)
softening parameter epsilon
gravitational smoothing kernel
.
particle smoothing kernel
,
.
non-axisymmetric density
3D visualization software

LG-10
,

self gravity softening
particle smoothing kernel
gravitational smoothing kernel
smoothing kernel
molecular cloud
.

Data Analysis for Gravitational Wave Detection with Multivariate Algorithms
,

,
.

1

1,

1

.
Many techniques for data analysis also based on gaussian noise assumption which is often valid in various situations.
However, the sensitivity of gravitational wave searches are limited by their non-gaussian and non-stationary noise. We
introduce various on-going efforts to overcome this limitation in Korean Gravitational Wave Group. First, artificial neural
networks are applied to discriminate non-gaussian noise artefacts and gravitational-wave signals using auxiliary channels of a
gravitational wave detector. Second, viability of applying Hilbert-Huang transform is investigated to deal with non-stationary
data of gravitational wave detectors. We also report progress in acceleration of low-latency gravitational search using GPGPU.

LG-11

General Relativistic Consideration of Electromagnetic Radiation from Pulsars

2
, TRIPPE Sascha1,
. 1
. 2
/
.
The interplay of electromagnetism and the curvature of spacetime due
to strong gravitational fields has been of great interest. There has been
substantial investigation of the influence of the geometry on
electromagnetic fields surrounding compact objects like neutron stars
and black holes. We consider a magnetic dipole model of a pulsar and
investigate the effects of such influence on electromagnetic radiation
from the pulsar: synchrotron radiation and curvature radiation. For
effective computational implementation, we develop a method based on
(i) a point-particle approximation and (ii) a semi-relativistic
approximation: (i) from the notion that Maxwell's equations are
approached via perturbation of the geometry of a neutron star by a pointparticle, (ii) from the notion that the orbital evolution of the particle is identified with a geodesic in the background geometry
of the neutron star. In synchrotron radiation we note the frequency modulation of electromagnetic waves as one of the major
effects of general relativity, while curvature radiation turns out not to be influenced by the geometry of spacetime.

LG-12

Search for a gravitational dynamics having no curvature singularity inside a black hole

KANG Gungwon
KISTI.
In Einstein gravity, a matter collapse finally ends up with forming a curvature singularity. Although it is believed that such
singular region in a spacetime is enclosed by an event horizon so that any phenomena outside are causally disconnected, the
presence of curvature singularity itself is problematic for a good physical theory of gravitation. Eddington-inspired Born-Infeld
(EiBI) gravity theory has some feature of quantum gravity encoded in a form of classical effective gravitational dynamics and
a repulsive nature appears through matter. We show that, in EiBI gravity, a spherically symmetric black hole solution having a
regular star at center enclosed by an event horizon does not exist. It is likely that a gravitational dynamics itself should have a
repulsive nature, at least, at the final stage of matter collapse. Some speculations on gravitational dynamics preventing the
presence of a trapped region in part are also discussed.

LP-02

Modified Gravity and Cosmic Acceleration

HU Wayne
University of Chicago.
The next generation of cosmological observations will be launched to scan inhomogeneity at large scales, such as DESI and
EUCLID. I propose that these experiments be optimally de- signed to answer the question whether our understanding of nature
on the earth is universal or not. I plan to work on how to read signatures of our fundamental knowledge of nature imprinted on
large scale structure formation, how to falsify different approaches - dark materials or violation of funda- mental laws - and
how to develop computational and observational techniques to transform raw data sets into understandable physical
knowledge. We are at a critical moment of understanding of Na- ture, and we need inter-communicating leadership between
theoretical knowledge and observational techniques. I have developed research to meet such a need.

LP-03

Models of Dark Energy

LINDER Eric
Berkeley
.
We review attempts to model the dark energy which is driving the observed acceleration of the universe. These include
incorporating a cosmological constant in particle physics, screening a cosmological constant from the space-time curvature,
having a dynamical dark energy driven by a scalar field or allowing for modifications of gravity on large scales.

LP-04*

Cosmological Constraints from the Anisotropic Clustering Analysis using BOSS DR9

LINDER Eric, OH Minji1, OKUMURA Teppei2, SABIU Cristiano3,
SONG Yong-Seon4
UC Berkeley. 1UST & KASI. 2IPMU. 3KIAS. 4KASI & UST.
Our observations of the Universe are fundamentally anisotropic, with
data from galaxies separated transverse to the line of sight coming from
the same epoch while that from galaxies separated parallel to the line of
sight coming from different times. Moreover, galaxy velocities along the
line of sight change their redshift, giving redshift space distortions. We
perform a full two-dimensional anisotropy analysis of galaxy clustering
data, fitting in a substantially model independent manner the angular diameter distance DA, Hubble parameter H, and growth
rate dδ/dlna without assuming a dark energy model. The results demonstrate consistency with ΛCDM expansion and growth,
hence also testing general relativity. We also point out the interpretation dependence of the effective redshift zeff , and its
cosmological impact for next generation surveys.

LP-05

Beyond the Standard Model of Cosmology

SHAFIELOO Arman
APCTP.
One of the main goals of physical cosmology is to find out the actual model of the Universe. Current standard model of
cosmology, also known as concordance model, is a spatially flat FLRW Universe consist of weakly interacting cold dark
matter, cosmological constant and baryons considering power-law form of the primordial perturbation. While we can use the
data to model or reconstruct different characteristics of the Universe such as its expansion history or the form of the primordial
spectrum, considering the data limitations and its uncertainties we have to deal with cosmographic degeneracies that makes it
difficult to distinguish between different models. On the other hand one can use the power of the data to falsify
different aspects of an assumed model using advanced statistical techniques. In my talk I review these two strategic
approaches, 'reconstruction and falsification', highlighting the importance of each one and how they are connected; focusing on
the concordance model of cosmology and how we can falsify this model.

LP-06

Echoes from the past

GONG Jinn Ouk
APCTP.
Primordial inflation is regarded as the leading paradigm for the very early universe. After quickly reviewing some basic
elements, I discuss the current status of inflationary theories especially in the light of effective theory approach. I also
comment on future probes for the early universe.
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P2-L004*

The Readout and Control System of Silicon Charge Detector of ISS-CREAM Experiment

PARK A.H., LEE Jik, PARK I.H., JO S.W., JEON Jina, LEE H.Y.
,
.
ISS-CREAM experiment is CREAM project that will be on International Space Station. Silicon Charge Detector (SCD) is one
of CREAM detector that measures charge constitution of energetic cosmic rays. CREAM project which was the NASA
Antarctica balloon experiment at Antarctica has been successfully done till 9 years. Particularly SCD has played the key role
on CREAM project. SCD of ISS-CREAM has been changed 2-layer to 4-layer. And all electronics things were changed for
space situation. We have designed and fabricated the readout electronics system appropriate for space operation at the
International Space Station. Radiation-hard and low-outgassing electronics components with the proper thermal vacuum
functionality have been chosen and used in the readout system to make it appropriate for space application. We present the
fabrication and performance of the readout system. Even if those are changed, electronics performance of SCD has to be
previous one. We will show you that development of SCD electronics readout and control system.
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