BG-01

NPR of Bilinear Operators with Improved Staggered Fermions

KIM Jangho, KIM Jongjeong, LEE Weonjong, YOON Boram1, SHARPE Stephen2
Seoul National University, Department of Physics and Astronomy. 1Los Alamos National Lab, Nuclear, Particle, Astrophysics
and Cosmology Group(T-2). 2University of Washington, Physics Department.
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 203*64 lattice, 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.

BG-02

Supermatrix Wilson loops in ABJM model and AdS/CFT

KIM Nakwoo
Kyung Hee University.
:H FRQVLGHU JHQHUDO VXSHUV\PPHWULF :LOVRQ ORRSV LQ $%-0 PRGHO LH &KHUQ6LPRQVPDWWHU WKHRU\ LQ 
GLPHQVLRQV ZLWK 1  VXSHUV\PPHWU\ ,Q SDUWLFXODU ZH HPSOR\ WKH VXSHUPDWUL[ IRUPDOLVP RI 'UXNNHU DQG
7UDQFDQHOOL 7KH REMHFWV RI RXU LQWHUHVW DUH RI =DUHPERW\SH WKH :LOVRQ ORRSV RI RXU LQWHUHVW KDYH JHQHULF
FRQWRXUV LQ VSDFHWLPH EXW WKH VFDODU ILHOG FRXSOLQJ LV DUUDQJHG DFFRUGLQJO\ VR WKDW WKHUH DUH XQEURNHQ
VXSHUV\PPHWULHV :H FRQVWUXFW H[SOLFLWO\ %36 :LOVRQ ORRSV DQG FKHFN WKDW WKHLU H[SHFWDWLRQ YDOXH LV
SURWHFWHG XVLQJ SHUWXUEDWLRQ XS WR WZR ORRSV :H DOVR VWXG\ WKH GXDO VWULQJ FRQILJXUDWLRQ LQ $G6 [ &3
EDFNJURXQGDQGFKHFNWKHVXSHUV\PPHWU\
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BG-03

Spectral weight in hyperscaling violation geometry

SEO Yunseok, SIN Sang-Jin, KIM Bom Soo1
Hanyang University. 1Telaviv University.
We study transport properties by using AdS/CFT correspondence. We compute the low energy spectral density of transverse
currents in theories which holographic dual of the hyperscaling violation geometry. We found interpolating solution which
connect IR hyperscaling violation geometry and UV Anti-de Sitter geometry. By turning on metric and transverse gauge field
fluctuation, we calculate the conductivity for transverse gauge field fluctuation. In low energy limit, we find a sharp peak of the
conductivity at finite momentum which strongly indicates the existence of Fermi surface. We calculate chemical potential and
temperature dependence of the Fermi momentum. We also compare our result to fermion Green's function.

BG-04

Extracting IR And UV Divergences In Multiloop Diagram By Series Expansion In \epsilon.

YOON Yeo Woong
KIAS.
It is essential to extract explicitly IR and UV divergences in higher order correction in many collider processes. We propose a
new expansion method to extract 1/\epsilon poles in general multiloop diagrams. We aim for analytic calculation of each
coefficient in \epsilon expansion contrary to previous expansion method ‘Sector Decomposition’ which is widely used for
numerical computation of multiloop diagrams. In order to illustrate the features of our expansion method, we present several
examples of one loop and two loop diagrams.
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BG-06

Hidden sector dark matter models with Higgs portal

EIBUN Senaha2
,
/Open-KIAS
. 1
,
. 2Nagoya University, Department of Physics.
We consider dark matters (DMs) which are hidden from the standard model (SM) particles. The DMs can communicate with
the SM particles through renormalizable Higgs mixing terms. We study various issues, such as relic density, direct detection of
DM, Higgs phenomenology at LHC, etc, related to the hidden sector DM models with Higgs portal.
,

1,

BG-07
,

,

1,

BSM Contribution to Kaon indirect CP violation

,
,
,
.
We study the contribution from beyond the Standard Model (BSM) to the Kaon indirect CP violation parameter $\epsilon_K$.
In the assumption of existence of new heavy particles, which have not detected yet, the BSM contribution in general can be
parameterized by a complete set of $\Delta S=2$ operators associated with corresponding Wilson coefficients. Recently, the
matrix elements of the operators have been calculated precisely in terms of the BSM B-parameters from the lattice simulations.
Using these precise values of the B-parameters, we constrain the Wilson coefficients as a function of the new physics scale.
Then, we consider, as an example of new physics, the Minimal Supersymmetric Standard Model (MSSM) in the mass insertion
approximation and study the size of the flavor changing parameter $\delta^d_{12}$'s, mediated by the gluino box diagrams.
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BG-08

Analysis on the Standard Model gauge group in F-theory

CHOI Kang-Sin
Scranton Honors Program, Ewha Womans University.
F-theory explains the origin of gauge symmetry. We analyze the Standard Model in F-theory, explaining in detail how gauge
group and matter fields are expressed. The nonabelian part SU(3)xSU(2) is described by singularities classified by Kodaira. It is
distinguished to naive product of SU(3) and SU(2), revealed by blow-up analysis, since the resolution procedure cannot be done
independently. The Abelian part U(1) has been difficult to construct, since we need to find a globally valid two-cycle giving the
correct quantum numbers for the charged field. We use a recently discovered 'factorization method' making use of an extra
section in the elliptic fiber of an internal manifold.

BG-09
,

U(1)B_1+B_2-2L_1 mediation for the natural SUSY and the anomalous muon g-2
1

. 1UCLA.
We propose a U(1)' mediated supersymmetry (SUSY) breaking, in which U(1)' is identified with U(1)B_1+B_2-2L_1. The U(1)
gauge symmetry, which is anomaly-free with the field contents of the minimal supersymmetric standard model,
assigns $\pm 1/3$ charges tothe first and second generations of the quarks, and $\mp 2$ to the first generation of the leptons.As
a result, the first two generations of squarks acquire masses of about 7 TeV,and the first generation of the sleptons do those of
40 TeV, respectively, in the presence of one or three pairs of extra vector-like matter $\{{\bf 5},\overline{\bf 5}\}$.Nonobservation on extra colored particles below 1 TeV at the large hadron collider, and also the flavorviolations such as $\mu^\rightarrow e^-\gamma$ are explained.By virtue of the gauge symmetry, proton stability can be protected.The other squarks and
sleptons as well as the gauginos can obtain masses of order 102-3 GeVthrough the conventional gravity or gauge mediated
SUSY breaking mechanism.The relative light smuon/sneutrino and the neutralino/chargino could be responsible for the $(g-2)
_\mu$deviated from the standard model prediction.The stop mass of $\gtrsim 600 GeV$ relieves the fine-tuning problem in the
Higgs sector.Two-loop effects by the relatively heavy sfermions can protect the smallness of the stop mass from the radiative
correction bythe heavy gluino ($\gtrsim 1 TeV$).Extra vector-like matter can enhance the radiative corrections to the Higgs
mass up to 126 GeV, and inducethe desired mixing among the chiral fermions after U(1)B_1+B_2-2L_1 breaking.
B_1+B_2-2L_1
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BG-10

Two Higgs Doublet Model for the LHC HIggs Boson Data at \sqrt{s}=7 and 8 TeV

LEE Jong-Phil, CHANG Sanghyeon1, KANG Sin Kyu, LEE Kang Young2, PARK Seong Chan3, SONG Jeonghyeon4
Seoul Tech. 1Seoul National University. 2Gyeongsang National University. 3Sungkyunkwan University. 4Konkuk University.
Updated LHC data on the new 126 GeV resonance during the 7 and 8 TeV runnings
prefer the standard model Higgs boson interpretation further.
Through the global $\chi^2$ fits,
we investigate whether the new particle could be
one of the scalar particles in a two Higgs doublet model.
Four types (Type I, II, X and Y) are comprehensively studied.
Considering the recent analysis on the spin-parity of the new boson,
we consider two scenarios, the light CP-even Higgs
boson interpretation and the heavy CP-even Higgs boson one.
It is found that both scenarios are still consistent with the
new data, not only in the parameter regions near the decoupling limit
but also some regions far from the decoupling limit.
In addition, the current data are totally consistent with the possibility
that a light Higgs boson is hidden in the mass window of $90-100$ GeV.
The diphoton or $\tau\tau$ channel can probe it by enhanced signal rates.

BG-11

Two-Higgs-Doublet Models With Spontaneous Higgs Symmetry Breaking

, OMURA Yuji1
. 1TUM.
We study the constraints from Higgs physics and electro-weak precision
observables (EWPOs) in two-Higgs-doublet models (2HDM) where one
of Higgs is charged under gauged $U(1)_H$ symmetry.The additional
gauge symmetry requires extra chiral fermion to cancel the anomaly, and
leads tree-level mixing between massive $U(1)_H$ gauge boson ($Z_H$)
and $Z$ bosons after the spontaneous symmetry breaking. The
contributions of $Z_H$ and extra chiral fermionswill affect the
measurement of Higgs physics and electro-weak interactions.As an
illustrative example, we consider the type-I 2HDM and the type-II 2HDM
inspired by $E_6$ GUT and discuss the allowed region for the $\sim 125$ GeV Higgs, the extra scalar search at LHC, and
EWPOs.
,

5

BG-12

Searches for CPT violation in the Top quark sector at the LHC

.
We present results on the searches for CPT violation in the top quark sector at the LHC. Searches in the top quark sector have
been performed by measuring a mass difference between top and anti-top quarks in top-pair events by both the ATLAS and
CMS experiments. The CPT symmetry requires that masses of top quark and anti-top quark are exactly equal. Two experiments
used very different methods in order to measure the mass difference, which will be discussed in the presentation. Both
experiments find that the results are consistent with the CPT symmetry.

BG-13
ALMOND John,

Searches for Heavy Neutrinos at the LHC

.
The discovery of neutrino oscillations has opened many new physics windows at the LHC. With neutrino oscillations one
requires additional heavy neutrinos which can be produced at the LHC. In particular, models predicting Majorana neutrinos can
result in striking experimental signatures of like-sign lepton pairs in addition of two high transverse momentum jets. In this talk,
we present the results of searches for heavy Majorana neutrinos using the ATLAS and CMS detectors. The data used were
collected in pp collisions at sqrt(s)=7,8 TeV and probe heavy neutrino masses inaccessible to previous direct searches at
colliders.
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BG-14

Searches for Charged Higgs Bosons at the LHC

YU Geumbong, YANG Un-ki, ALMOND John
.
Since the discovery of a new boson in 2012, major focus was to find out whether this boson is the Higgs boson of the Standard
Model (SM) or not. Existence of the Higgs boson is proposed not only in the SM but also in many other new physics models
such as supersymmetric standard model (SUSY). To resolve it one needs to study the properties of the Higgs boson while the
other looks for new particle that never be predicted in the SM, such as a charged Higgs boson. This talk presents the current
status of the charged Higgs boson searches at the LHC. A brief introduction of the charged Higgs boson in the extended Higgs
sector, and a history of the searches (direct and indirect) will be shown too. The current results at the LHC will be discussed in a
SUSY parameter space. Then we conclude with prospects of the charged Higgs search with CMS data.

BG-15

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

LEE Jongseok, CHOI Youngkyu, CHOI Youngil, CHOI Suyoung1
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 19.5 /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.
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BG-16

Randall-Sundrum II type Black hole production and decay at the LHC

GOH junghwan, HWANG chanwook1, YU intae1, HYUN Young-Hwan1, KANG Dongwoo1, LEE Seunghak1, PARK Seong
Chan1
Sungkyunkwan University. 1SungKyunKwan University.
Black holes are expected to be produced at the LHC experiment according to Large Extra Dimension (LED) models.Searches
for Black holes in various LED scenarios have been performed in the ATLAS and CMS experiments but there are no signatures
of Black hole yet. The Randall-Sundrum (RS) model is one of the most promising model on extra dimensions because it can
explain the hierarchy problem. Study of microscopic black holes in the RS model can be a probe to the new physics. For the
initial study, we studied RS black hole production and decays using the modified version of existing black hole Monte-Carlo
simulators. We also implemented new black hole MC simulation programs dedicated to the RS blackhole production.

BG-17

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

CHOI Young-Kyu, CHO Yong-Jin, CHOI Young-Il
Sungkyunkwan University.
A search for heavy bottom-like quarks, pair-produced in pp collisions at $\sqrt{s} = 8 TeV$ at CMS LHC has been performed.
We varied each branching ratio of $Br(B \rightarrow tW)$, $Br(B \rightarrow bZ)$, and $Br(B \rightarrow bH)$
with the assumption of $Br(B \rightarrow tW)+Br(B \rightarrow bZ)+Br(B \rightarrow bH)$=100\%.
There are sixty six combinations of signal mixtures varying their branching ratios in 10\% step.
In the same sign dilepton channel, there is no excess at 19.6 $fb^{-1}$ integrated luminosity.
%We present the expected and an observed limits according to each branching ratios.
The maximum expected and observed limit are $804.8 + 36.3 -39.2 GeV/c^{2}$ and $786.9 GeV/c^{2}$ at $95\%$ C.L in the
case of $Br(B \rightarrow tW)=100\%$.
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BG-18

Measurement of Initial Parton Fraction in tt-bar Events

HA Seungkyu, CHOI Suyong
Korea University, Department of Physics.
We measure initial parton fraction of quark-quark annihilation, quark-gluon interaction and gluon-gluon fusion in tt-bar events
in the dilepton decay mode, using azimuthal angle difference between top and anti top quarks. We used a data sample
corresponding to an integrated luminosity of 19.6 fb-1 collected in pp collisions at √s = 8 TeV with the CMS detector at the
LHC.This result is a work in progress.

BG-19

ttbar azimuthal decorrelation at CMS

ROH Youn Jung, GYUN Dooyeon, CHOI Suyong
.
The differential ttbar production cross section in pp collisions at at sqrt(s)=8 TeV is measured as a function of the azimuthal
angle between the $t$ and $\bar{t}$ quarks. The analysis is performed in the ttbar channel with two isolated leptons (electron or
muon) in the final state. In this study, we used simulated data corresponding to 19.6 ${fb}^{-1}$, the same amount of data
taken by CMS experiment at the LHC in the year 2012.
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BG-20

Preliminary Results of the Measurement of the Transverse Momentum Distribution of W
Bosons in pp Collisions at 8 TeV

YUSUPOV Hammid, LEE SangEun, BUTANOV Khakimjan, PARK Sang-il, SON Dongchul, KIM Guinyun
.
We present the preliminary 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 with19/pb of integrated luminosity. We compare our results with the theoretical
predictions and also show the systematic uncertainties coming from various sources.

BG-21

Measurement of the Cross Section Ratio ttbb/ttjj in Pp Collison Energy 8 TeV with
the CMS detectors at the LHC
JO Youngkwon, GOH Junghwan1, KIM Tae Jeong, LEE Byounghoon1, SONG Sanghyeon2, CHOI Suyong
Korea University, Department of Physics. 1Sungkyunkwan University, Department of Physics. 2Chonnam National University,
Department of Physics.
We present a measurement of the cross section ratio ttbb/ttjj in the dilepton decay mode, using a data sample corresponding to
an integrated luminosity of 19.6 fb−1 collected in pp collisions at √s = 8 TeV with the CMS detector at the LHC. The cross
section ratio ttbb/ttjj is measured in the visible phase space corresponding to the detector acceptance, and corrected to particle
level. For events with at least four reconstructed jets, the measurement is performed by means of a fit to the measured b-tagging
algorithm output. The result of the measurement will be presented.
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BG-22

W and Z boson production at CMS

LEE SangEun, SON Dongchul, KIM Guinyun, BUTANOV Khakimjan,
YUSUPOV Hammid, PARK Sangil
.
We present selected measurements done with W and Z bosons performed
with the CMS detector, based on samples of events collected during 2011
and 2012 physics runs. Measurements include W and Z inclusive cross
sections, the lepton charge asymmetry in W events, and differential cross
sections of Z and Drell-Yan production.

BG-23
LHC

The Electron Charge-Asymmetry in pp →W(eν)+X Production at sqrt(s) = 8 TeV at the

NAM Soon-Kwon, CHANG Sunghyun, KIM Jungmin, KIM Taehoon, KIM Youngnam, LEE Sang-eun1, SON Dongchul1,
KIM Guinyun1, BUTANOV Khakimjan1, YUSUPOV Hammid1, PARK Sang-il1, TKACZYK Slawomir M2, YOO Hwidong3,
NAM Soon-kwon
. 1
. 2Fermilab. 3Purdue University.
The measurement of the electron charge asymmetry in inclusive W production with the CMS detector is presented. The
asymmetry is measured with an integrated luminosity of 19.619/fb of data collected by the CMS detector. We extracted the
charge asymmetry from MET fitted signal events. The charge asymmetry is measured in eleven bins of the absolute value of
electron pseudo-rapidity and compared with that of 2011 real data of the electron charge asymmetry. We also present the results
of the uncorrected charge asymmetry.
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BG-24

New result of neutrino mixing angle theta_13 from RENO
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RENO is an experiment to measure the smallest neutrino mixing angle theta_13 using reactor electron_antineutrinos at Hanbit
(old name: Yonggwang) nuclear reactor site. RENO started taking data in August 2011 using two identical Gd-loaded (0.1 %)
liquid scintillator detectors and has collected about 700 live days of data as of July 2013. The first result using 220 live days of
data was announced in April 2012 almost at the same time as Daya Bay's announcement on non zero value of theta_13
measurement, which makes it possible to search for other important physics questions: determination of neutrino mass hierarchy
and neutrino CP violation. With improved systematics and increased statistics (403 live days) RENO announced an updated
results in Sept. 2013: sin^2(2theta_13) = 0.100 +- 0.010 (stat) +- 0.012 (sys). The ultimate goal of RENO is to reach 7 %
precision using 5 live years of data. In this talk, we present the most updated result.

BG-25*

Improvement of RENO theta_13 Systematic Error

,

1,

,

7,

7,

9,

10,

12,

7,
10,

2,

7,

7,
10,

3,
7,

10,

3,

4,

7,
10,

5,

8,
10,

6,

8,
10,

7,

8,
10,

9,
10,

7,
9,
11,

12

. 4
. 5
. 6
. 7
. 8
12
.
.
.
.
.
The main purpose of RENO (Reactor Experiment for Neutrino Oscillation) is to measure neutrino mixing angle theta_13 using
reactor neutrinos at Hanbit nuclear reactor site. Currently we have bigger systematic error than statistical error, and thus it's
necessary to understand our detector better and to reduce our systematic error. In RENO our systematic error on theta_13 is
dominated by atmospheric muon induced 9Li/8He background error. In this talk we present how to estimate 9Li/8He
background and how to reduce its associated systematic error.
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BG-26

Improved reactor neutrino flux expectation and comparison with RENO data
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The RENO experiment has been taking data since Aug. 2011 to
measurethe smallest neutrino mixing angle theta_13 at Yonggwang
nuclear powerplant. It is essential to compare the observed and expected fluxes of reactorantineutrinos for determining the
neutrino disappearance. The reactorneutrino flux can be calculated from the thermal output and the fission rate
ofindividual fuel isotope. Based on the precisely measured baselines we can calculate the baseline dependent reduction of
reactor neutrino fluxes in better than 0.1% at near and far detectors. In this presentation, we describe howto calculate the timedependent reactor neutrino fluxes at near and far detectors.

BG-27

Measurements of the electron and positron spectra using AMS-02 detector

SON Dongchul, KIM Kyung Sook, JANG Woo Young, HUH Chang Ki, SHARMA Neelesh, KIM Gui-Nyun, CHAE Min
Jung1, YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ehwa Womans University.
The AMS-02 experiment for studies of antimatters, dark matter, and high energy cosmic particles in the space has been carried
out on the International Space Station since May 2011. We will present our preliminary results on electron and positron fluxes.
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BG-28

Study of the Primary Cosmic Ray Proton and Helium Flux with AMS02 Experiment

HUH chang gi, SON Dongchul, KIM Kyung Sook, JANG Woo Young, SHARMA Neelesh, KIM Guinyun, CHAE Min Jung1,
YANG Jongmann1, LIM Sooil1
Kyungpook National University. 1Ehwa Womans University.
Studies of the Primary Cosmic Proton and Helium Flux with AMS02 ExperimentThe AMS experiment is a TeV scale
high energy physics experiment operating since May 2011 at the International Space Station.We will report on the
preliminary results on the primary cosmic proton and helium spectra in the rigidity range from 2 GV to 1.8 TVbased on
the data collected during the first 24 months.

BG-29

A Search for B^{+} to l^{+} X with Hadronic Tagging Method at Belle Experiment

KWON YOUNGJOON, PARK CHANSEOK
Yonsei University.
This search aims to expect the Branching Fraction of B^{+} to l^{+} X that is leptonic decay of B meson where X is not in the
Standard Model. We use data and MC samples based on a data sample of 711 fb^{-1}collected at the Y(4S) resonance energy,
recoreded by KEKB energy aymmetric e^{+}e^{-} collider. They are selected and analyzed through hadronic tagging method
for obtaining high purity due to effective background suppression.
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BG-30

Search for isospin partner of the D_s0+

CHOI Sookyung, OLSEN Stephen L1
. 1
.
We report precise measurement of the product branching fractions B(B+->D0barD_s0+) B(D_s0+->Ds+pi0) and B(B0->DDs0+)B(Ds0+>Ds+pi0) and results of a search for the hypohesized both doubly charged and neutral isospin partner of th Ds0+.
The analysis uses Belle full data sample containing 772 million BBbar meson pairs collected at the U(4S) resonance in the Belle
detector at the KEKB collider.

BG-31*

Search for Chaged Massive Long-lived Particles at sqrt(s)=1.96 TeV

D0 Collaboration.
We present a search for charged massive long-lived particles (CMLLPs) that are pair produced in ppbar collisions sqrt(s)=1.96
TeV collected by the D0 experiment at the Fermilab Tevatron collider. Our resultis a combination of two searches where either
one or both CMLLPs are reconstructed in the detector. We select events with muonlike particles that have both speed and
ionization energy loss (dE/dx) different from muons produced in ppbar collisions. In the absence of evidence for CMLLPs
corresponding to 6.3 fb-1of integrated luminosity, we set limits on the CMLLP masses in several supersymmetric
models,excluding masses below 278 GeV for long-lived gaugino-like charginos, and masses below 244 GeVfor long-lived
Higgsino-like charginos at the 95% C.L. We also set limits on the cross section for pairproduction of long-lived scalar tau
leptons that range from 0.04 to 0.008 pb for scalar tau lepton masses of 100–300 GeV.
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BG-32

The 3rd Tau Neutrino Event in the OPERA Experiment

YOON C.S., KIM J.H., PARK I.G., KIM S.H.1, PARK B.D.2
GNU. 1KNU. 2Samsung Changwon Hospital, SKKU.
The OPERA experiment is designed to perform a crucial test of
neutrino oscillations aiming at the direct observation of the appearance
of ντ neutrinos in a νμ beam on an event-by-event basis, through the
detections of the τ lepton in ντ charged current interactions. The
experiment has been taking data for five years since 2008, with the long
baseline CNGS(CERN Neutrinos to Gran Sasso) beam. Two ντ
candidates decaying into hadrons have been observed so far in a subsample of data of the 2008-2011 runs. Here we report on the observation
of the third ντ candidate event in the τ- → μ- decay channel (see Fig.) coming from an extension of the analysis to a sub-sample
of the 2012 run. The charge of the oscillated τ lepton has been determined to be negative for the first time, consistently with νμ
→ ντ oscillation not with anti-νμ → anti-ντ . With the present estimation of the backgrounds, the absence of νμ → ντ oscillations
can be excluded at 3.4σ. The observations of the three ντ candidate events indicate the evidence for νμ → ντ appearance in the
CNGS neutrino beam.

BG-33
,

Study of rate capability of HPL multigap detector for LHC experiments
,

.
We report a study of rate capability of HPL mutigap detector in use of
high-energy physics experiments.A prototype of multgap detector is
tested with cosmic muons and 0.662 MeV gamma rays. The mean
avalanchecharges of the cosmic muons is 1.26 pC. We conclude that the
present study shows some possibility of application in the CMS/LHC
experiments.
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BG-34
,

GEM Software in CMS
,

,

,

,

,

.
Gas Electron Multiplier (GEM) detector has been proposed for the upgrade of the forward muon system in CMS for the high
luminosity proton collisions at the LHC. This will greatly enhance the triggering of very rare processes like the Higgs to 2
muon, as well as improving the resolution of muon momentum measurements. This talk will cover the expected performance of
GEM to the overall muon reconstruction process.

BG-35

RPCMuon performance in CMS experiment

GOH Junghwan, KIM Minsuk, KWON Eunhyang, SEO Jiwoong, YU intae
SungKyunKwan University.
The RPCMuon is new muon object developed in the CMS experiment. Efficiency andfake rate of RPCMuon in various working
points are studied using the CMS datataken during 2012. We measured efficiency using the tag and probe method to
measureefficiency of RPCMuons and estimated efficiency gain on top of CMS standard muonobjects. Fake rate from hadron
punch-through is measured using decays of $K_{s}$ and $\phi$resomances.
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BG-36

The Pileup Correction Study for W Charge Asymmetry Electron Channel at sqrt(s) = 8 TeV

NAM Soon-kwon, CHANG Sunghyun, KIM Youngnam, KIM Taehoon, KIM Jungmin, LEE Sang-eun1, BUTANOV
Khakimjan1, YUSUPOV Hammid1, PARK Sang-il1, SON Dongchul1, KIM Guinyun1
. 1
.
We present results of the pileup correction study for W charge asymmetry electron channel using the 2012 pp collision data.
The data samples are collected with the CMS detector corresponding to an integrated luminosity of 19.619 fb-1 in pp collisions
at sqrt(s) = 8 TeV. We also investigate pileup effects on the electron pT, vertex number, particle flow missing ET and no-pileup
missing ET distribution.

BG-37
TeV

The Electron Efficiency Sutdy for W Charge Asymmetry Electron Channel at sqrt(s) = 8

NAM Soon-kwon, CHANG Sunghyun, KIM Taehoon, KIM Jungmin, KIM Youngnam, LEE Sang-eun, BUTANOV
Khakimjan1, YUSUPOV Hammid1, PARK Sang-il1, SON Dongchul1, KIM Guinyun1
. 1
.
We present a measurement of the electron trigger efficiency and identification efficiency using Tag and Probe method. The data
samples are collected with the CMS detector corresponding to an integrated luminosity of 19.619 fb-1 in pp collisions at sqrt(s)
= 8 TeV. The results with Monte Carlo simulation are compared with those of the 2012 real data. Resulting identification
efficiency values are measured to be in 62.7% to 83.6% for the real data, 65.6% to 85.1% for the MC. In the case of the trigger
efficiency are measured to be in 69.4% to 93.7% for the real data, 67.9% to 95.1% for the MC.
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BG-38
,

PSD
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PSD(Pulse Shape Discrimination)

BG-39
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Current Status of the KOTO Experiment at J-PARC
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BG-40

A muon facility at RAON (

)

.
We propose a muon campus at RAON. In the LHC era, we are looking at any hints of physics beyond standard model.
Recently, charged lepton flavor violation experiments have been drawing attention due to their indirect capability to examine
much higher energy scale than the LHC can offer. In this presentation, we discuss a possible muon facility at RAON not only
for muSR science but also for a charged lepton flavor violation experiment. LHC
.
LHC
.
muSR
.

BG-41
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Pulse Shape Discrimination with a CaMoO4 Crystal at Low Temperatures

1,

,
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2,

4,

VLADISLAV
Kobychev , KORNOUKHOV Vasily , DANEVICH Fedor6,
FLEISCHMANN Andreas7
,
. 1
. 2
3
4
5
.
.
. Institute for Theoretical and
6
Experimental Physics, Russia. Institute for Nuclear Research,
Ukraine. 7Heidelberg University, Germany.
The AMoRE (Advanced Molybdenum-based Rare process Experiment)
project uses CaMoO4scintillation crystals to search for neutrinoless
double beta decay of a few tens of mK in the concept of that source is
equal to detector. To maximize the experimental sensitivity for the rare events, the project aims for realizing zero-background
condition in which high energy resolution and pulse shape discrimination are required. We tested a CaMoO4 crystal as a low
temperature detector at around 40 mK. 9 keV FWHM was measured for 2.6 MeV gamma rays. Moreover, Alpha and beta
events showed quite different pulse shapes in a phonon measurement with 7.7 σ discrimination power. Measurement details and
preliminary results on photon detectors are also presented.
4

BG-43

5

KIMS-NaI Project at CUNPA

KIM Nam Young, KIM Yeongduk, KIM Kyungwon1, LEE Hyun SU2, KANG W. G.
Institute for Basic Science. 1Seoul National University. 2Ehwa University.
Center of Underground Nuclear and Particle Astrophysics (CUNPA) aims to understand the origin and the structure of the
universe. Dark matters compose most of the matter in the universe, and perform a significant role in the history and structure of
the universe. The DAMA group reported an annual modulation effect of 0.0183±0.0022 cpd/kg/keV (2-4 keVee) with 8.3σ in 1
cpd/kg/keV background level with highly radiopure NaI(Tl) crystal detectors, which means dark matter can be detected. KIMSNaI project will try to confirm the long standing puzzle, i.e., whether this DAMA's modulation signal is due to dark matter or
not. We are trying to develop ultra-low background NaI(Tl) crystals from scratch in collaboration with Sigma-Aldrich, AlphaSpectra and Beijing Hamamatsu company for the KIMS-NaI detectors. KIMS-NaI experiment will show competitive or better
performance than DAMA, which will make sure we can confirm the DAMA experiments.
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Study of the Detector Responses of CsI(Tl) Crystal for Dark Matter Search
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. 3Tshinghua University. 4
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.
At Korea Invisible Mass Search (KIMS) experiment, CsI(Tl) crystals are used to detect nuclear recoil caused
by possible dark matter candidates. The detector responses caused by nuclear recoils are quite different from
those caused by gamma rays or electrons, and this difference can be quantified by the quenching factor (QF).
It has been reported that this QF can be modified by the channeling effect in the crystal where the recoiled
nuclei are propagating along one of the crystal axes. The so called blocking effect, which refers to different
motions of the recoiled nuclei under the same condition with the channeling effect, can also modify the QF, so
the measurement to confirm the influence of those effects on the detector response is needed. We have
performed a detailed study of CsI(Tl) crystal detector response using neutron beam to produce nuclear recoils
inside the crystal and neutron detectors to select events relevant to different recoil directions. The experimental
measurement has also been compared with the Monte Carlo simulation.
The data taking is still in progress and the preliminary results will be presented.
6

P3-B001*

Wire Bonding and Gluing Studies for Silicon Vertex Detector (SVD) of Belle II Experiment

PARK Hwanbae, KANG Kookhyun, JEON Hyebin, UOZUMI Satoru, TSUBOYAMA Toru1, SATA Nobuhiko1, TSUTOMU
Mibe1, ONUKI Yoshiyuki2, SHIMIZU Nobuhiro2, HIGUCHI Takeo2, KIM Hongjoo, HYUN hyojung
Kyungpook National University. 1KEK. 2Kavli Institute for the Physics and Mathematics of the Universe.
We are study wire bonding and gluing aiming for assembly of Silicon Vertex Detector (SVD) in Belle II experiment. KNU
group contributes the gluing and wire bonding study. Optimization of the gluing of silicon sensors, support frame, and readout
flex cable is of importance in order to achieve required mechanical precision and rigidity. The wire bonding of the silicon
sensors with readout ASIC chips also needs special care to maximize mechanical robustness and reliability. The silicon sensors
and signal fun out flex circuits (Pitch Adapters) are glued and those are electrically connected by wire bonding. Our study
shows that the gluing quality is important for the good wire bonding. Thickness of the glue for the best result is found to be 39.4
4.7 . Optimal wire bonding parameters are determined to give an average pulling force be 10.2 ± 1.1 gf and bonding yield
be 98% close to our goal of 99%. We present research and study of the gluing and wire bonding for provides required precision
and reliability to the SVD.
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Study on Pair Production of Supersymmetric Bosons sqrt(s)=8TeV at the CMS Experiment

,
,
,
,
,
Chonnam National University.
The trimuon signature originating from decays of neutralinos and charginos has only a small background contribution from
Standard Model processes. For this reason it is sometimes called the golden signature. The final signatures of this analysis are
the two Opposite Sign Same Flavor(OSSF) muons from the neutralino decay plus any muon from the chargino decay and a
missing transverse energy from two neutralinos and neutrino. The results are reported from a search for supersymmetry via
direct electroweak production mechanism with the trimuon channel in proton-proton collisions at a center-of-mass energy of
TeV. The data sample comprises an integrated luminosity of 19.5fb-1, recorded by the CMS experiment at the LHC.
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P3-B004*

The CMS RPC Upgrade During First Long Shutdown

.
LHC(Large Hadron Collider) LS1(Long Shutdown-1)
2012-13
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P3-B005

.

Measurement of The Initial Parton Fraction of ttbar Events in Lepton+jets Channel

LIM Jaehoon, CHO Sungwoong, CHOI Suyong, YOUN Sungwoo1
Korea University. 1Fermi National Accelerator Laboratory.
We measure the initial parton fraction, ratio of qq anihilation, gq interation and gg fusion, of ttbar events in lepton+jets channel
by Monte Carlo simulation of DZero Experiment at Fermilab's Tevatron. The distribution of azimuthal angle difference of top
and anti top, that is sensitive to initial parton, is used to measure the initial parton fraction.
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P3-B006*
,

Measurement of the top quark mass using Jpsi-in-jet at LHC

,
,
,
,
.
The measurement of the top quark mass is very important topic at LHC because top quark mass is one of fundamental
parameters to research “Standard Model”. The large dependence of one loop corrections to the higgs boson mass on top quark
mass makes its precise determination of extreme importance for constraining the model itself. In this poster, we researched
ttbar events include jpsi-in-jet to measure top quark mass. These events were extracted from 8TeV LHC data in 2012. In order
to measure top quark mass precisely, a classical method have limitations to reduce systematic errors because this method has
uncertainties of jet energy scale and jet resolution. However, a method which use jpsi-in-jet can reduce systematic errors
attributable to jet because it does not use jets to determine top quark mass. This method only use an isolated lepton from W
boson and 2 muons from jpsi in b jet. LHC accelerator provides a highest energy and luminosity for particle collision in the
world. Although jpsi-in-jet events have very small statistics, we are expecting to find considerable jpsi-in-jet events from LHC
data.

P3-B007*

,

,

Search For The Standard Model Higgs Boson In The u+u- Decay Channel In pp Collisions

LEE Jangbae, PARK Inkyu, RYU Minsang, KIM Jihyun, LEE Jason, CHOI Minkyoo, RYU Geonmo, CHOI Kijin
University of Seoul, Department of Physics.
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.
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P3-B009
,

,

Optimization of the Gas System in the CMS RPC Detector at the LHC
,

,

.
The Resistive Plate Chambers(RPC), which are part of the CMS muon system, are gaseous and double-gap detectors for
ionizing particles. In 2012 a leak test campaign for measuring the leak rate of each gas channel were performed, and leak search
results were checked with flow cells data. The system is overall stable, but the 2012 total leak rate measured on the barrel is
below 484 liters per hour (422 L/h for 2011), while leak rate on the endcaps is negligible, below 10 L/h, for both 2011 and
2012. The LHC begun its first long shutdown(LS1), where some of the chambers and the gas system will be checked and
possibly repaired. Leak tests are being performed not only to isolate leaks in the gas supply and distribution systems, but also to
study the known leaky chambers
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P3-B010*

GEM Trigger Software

CHOI Kijin, RYU Minsang1, KIM Jihyun, LEE Sanghoon, CHOI Minkyoo, RYU Geonmo, LEE Jangbae, PARK Inkyu
University of Seoul, Department of Physics. 1Chonbuk National University, Department of Physics.
Production of software for GEMs, including analyzer for digitized signal, simulation and reconstruction.
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Development of Water-based Liquid Scintillator
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RENO (Reactor Experiment for Neutrino Oscillation) is an experiment for measuring neutrino oscillation parameter theta_13
using reactor neutrinos at Yonggwang. For a precise measurement of theta_13, it is absolutely necessary to properly calibrate
energy of RENO detector. The energy calibration has been performed periodically during regular data taking. We used
commercially available radioactive sources, Cs137, Ge68, Co60 and Cf252, for the energy calibration. In this presentation, we
describe the stability of energy calibration in terms of time.
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Study of Reactor Neutrino Detection Efficiency using Neutron Capture by Hydrogen at
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Study of uncertainties in reactor antineutrino flux calculation at RENO
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Recently, the observed flux of reactor antineutrinos at near detector and its absolute normalization have been
paid attention on for the search of a fourth-type neutrino. The analysis of RENO results in comparison with the
direct prediction of antineutrino emerging from reactors will play a pivotal role in progress of sterile neutrino
research. We evaluated relevant parameters and their uncertainties which can affect the final expected number
of antineutrino events, according to the precision update of Standard Model parameters and the improved
estimation of antineutrino spectrum from fissile isotopes.
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Study of Gd loaded liquid scintillator in the RENO detector
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P3-B018

Production of Liquid Scintillator for SBL Prototype Detector

,
,
.
We propose a new experiment on the site of the Korea Atomic Energy
Research Institute located at Daejeon, Korea. The Hanaro short baseline
(SBL) nuclear reactor with thermal power output 30 MW is used to
investigate a reactor neutrino anomaly. A Harano SBL prototype detector
having 60
volume was constructed. A gadolinium Gd-loaded liquid
scintillator is used to trigger events. The selection of LS is guided by
physical and technical requirements, as well as safety considerations. A
linear alkyl benzene (LAB) is used for a base solvent of the Hanaro SBL
prototype detector. 3 g/ of PPO and 30 mg/ of bis-MSB was dissolved
to formulate LAB-based LS. Then, a 0.5% gadolinium complex with
carboxylic acid was synthesized using the liquid-liquid extraction
method. We will summarize all the characteristics of the Gd-loaded LABbased LS for the Hanaro prototype detector.
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Event Rate Monitoring at RENO
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In RENO (Reactor Experiment for Neutrino Oscillation), we have been monitoring several
interesting rates and physics variables to evaluate the quality of data. Based on
the monitoring, troubles with detector operation are found and only good runs are selected for
the further data analysis. In this presentation, we describe how to monitor the rates and
how to select data as a function of runs and subruns.
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P3-B020
KIM Kyungho, KWON Youngjoon, CHO Kihyeon1
Yonsei University. 1KISTI.

P3-B021

Measurement of the branching fractions of B+ -> K+(ccbar) -> K+ppbar decays

1,
, OLSEN Stephen Lars, LI Jin,
,
. 1
.
We have been measuring the branching fractions of the decay B+ -> K+ppbar for the intermediate ccbar states psi(3770), X
(3872), and Y(3915) decaying to ppbar. The results based on a 703 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.
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P3-B022

DC-DC Converter in g-2 Experiment

LEE WOODO, WON EUNIL, MIBE TSUTOMU1, SAITO NAOHITO1, SASAKI KEN'ICHI1
Department of Physics, Korea University. 1KEK.
The J-PARC muon g-2/EDM measurement is planed at J-PARC with a small storage ring without electric focusing. This
experiment is designed to measure the muon’s anomalous magnetic moment (g-2) and its electric dipole moment(EDM). The
sensitivity goal is 0.1 parts per million(ppm). We need a DC to DC converter to supply DC power to electronics that does not
disturb EM field in the muon storage. We consider a Buck converter for that purpose and present various R&D results in this
poster.

P3-B023

Wave Function of The Universe in Kappa Deformed Theory

JEONG Jin Woong
Kyung Hee University, Department of Physics.
The Big Bang occurred by tunneling effect passing through a potential barrier in terms of quantum cosmology. Therefore we
can consider the expanding universe as a wave function. The wave function of the universe obeys the Wheeler-De Witt
equation. We find numerically possible solutions of the equation for Kappa deformed theory and compare them and the
solutions for the existing inflationary case.
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P3-B024*

Microscopic black holes at the LHC with bulk Standard Model fields in warped extra

dimensions

KANG DongWoo, HYUN Young-Hwan, LEE Seunghak, GOH Junghwan, HWANG Chanwook, PARK SeongChan, YU intae
Department of Physics, Sungkyunkwan University.
If the Standard Model (SM) particles are propagating in the bulk of warped extra dimension, the production and decay of
microscopic black holes would be largely modified from the conventional case where the SM particles are assumed to be
confined on IR-brane. We found that the cross section is dominantly due to gluon fusion with a suppression factor, C and the
effective greybody factors are modified by a factor, D. We present analytic expression about factors C and D.

P3-B025

Theoretical Predictions of the Wpt Cross sections of pp Collisions at 8 TeV

PARK Sang-il, LEE SangEun, BUTANOV Khakimjan, YUSUPOV Hamid, SON Dongchul, KIM Guinyun
.
FEWZ is a Fortran based, numerical code that calculates electroweak(EW) gauge boson production at hadron colliders through
O(alphas^2) in perturbative QCD. In the case of Z production, FEWZ also provides numerical results upto O(alphas^2) in
electroweak theory. The theoretical predictions of the Wpt Cross sections of pp collisions at 8 TeV with NLO EW and NNLO
QCD is calculated.
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P3-B026

Study of Randall-Sundrum Black Hole Signatures at the LHC Using Modified Charybdis
Monte-Carlo Simulator
HWANG Chanwook, GOH Junghwan, YU Intae, PARK Seong Chan, HYUN Young-Hwan, KANG Dong Woo, LEE Seung
Hak
Department of Physics, Sungkyunkwan University.

The concept of extra dimensions was proposed to explain the
hierarchy problem and various extra dimension scenarios have
been studied. According to the extra dimension models,
microscopic black holes can be produced at the LHC. The CMS
and ATLAS experiments searched for microscopic black holes
based on the ADD (Arkani-Hamed, Dimopoulos, and Dvali)
model and no signal was observed yet.
The Randall-Sundrum (RS) model is one of the promising theories on extra
dimensions. We modify an existing Monte-Carlo simulator (Chrarybdis) originally
written for generation of ADD black holes so that it can also generate RS black holes.
Various signatures of the RS black holes at the LHC are studied using the modified
generator.
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PHENIX Run13 Local Polarimetry
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CG-02

Analysis Progress of Neutral Pion Yield as a Probe of Gluon Contribution to the Proton
Spin at BNL RHIC PHENIX

, KIYOSHI Tanida
,
.
The measurement of gluon contribution to the proton spin via neutral pion (pi0) production by measuring
double longitudinal spin asymmetry is one of the important purposes of polarized proton program of the Relativistic Heavy Ion
Collider at Brookhaven National Laboratory. Pi0 is an important channel to give the constraints on the polarized gluon
distribution function in the proton because most of pi0 originates from gluon-gluon or quark-gluon scattering and because
large statistics is expected. To obtain more accurate the double longitudinal spin asymmetry, the third production run of the
polarized proton-proton collision energy of 510GeV, i.e. Run13, has been successfully carried out and 146 data has been taken
at PHENIX. The data cover a transverse momentum range of 2-18 GeV/c. Now analysis of the data is ongoing. Various results
of the analysis are presented. Simple introduction to PHENIX central system is presented to help understanding the pi0
analysis. Results of past pi0 analyses and future prospect of the present analysis are also presented

1

CG-03

Introduction and Status of W physics in PHENIX Muon Arms

Korea University/RIKEN.
Although proton spin itself is well known, its decomposed components' contribution are still largely unknown. Most of all sea
quark polarization's uncertainty is rather large due to its limit from Semi-Inclusive DIS via Fragmentation Functions.The W
measurement at PHENIX provides unique opportunity for the understanding of this sea quark polarization: by measuring the
single spin asymmetry of parity-violating W bosons which obtained via collision between longitudinally polarized and nonpolarized proton, probe of full flavor decomposed spin structure is possible. In this talk, we introduce general information
about W measurement at PHENIX Muon Arms including analysis method and preliminary result of single spin asymmetry by
using dataset obtained in 2012.

CG-04
Seoul National University, RIKEN, for the PHENIX collaboration.
Measuring the sea quark polarization is an essential step towards understanding the proton spin structure. The
leptonic decays of W bosons in polarized proton proton collisions at RHIC offer a unique way to probe the sea quark
parton distribution functions (PDFs) that are poorly known compared to the valence quark PDFs. W production is
sensitive to the helicity distribution of quarks and anti-quarks in the protons through its parity violation coupling, so that
one can separate the quark flavor by measuring the single spin asymmetry of the production cross section of W
bosons.
The PHENIX experiment observes muons from W boson decays at forward/backward rapidities ($1.2 < |\eta| < 2.2$)
in the longitudinally polarized p+p collisions at the center of mass energy of $\sqrt{s}=510$ GeV at RHIC. After the
first measurement in 2011, we have collected data with an integrated luminosity of about 200 pb-1 with fully upgraded
detector and trigger systems. In this presentation, the analysis progress of 2012 dataset and the future prospects will
be reported.

2

CG-05

Hadron Physics With Supercomputing

.
Supercomputing is mainly used in the nuclear structure area.Some calculation of the shell-model and cluster model
requireseveral thousand or several ten thousand cpus.For that reason, parallel programming and supercomputing resources
arehighly required in that field.In the present work, hadron physics study with supercomputing is discussed.We show that as
phase space dimension increases, cpu time increases hugely.Therefore supercomputing is recommended for the scattering
process in the high dimension.Furthermore we show some examples of high dimension scattering processes.

CG-06

Renormalization group analysis of the Born expansion

ANDO Shung-Ichi
Daegu University, Department of Physics Education.
The Born expansion of the Lippmann-Schwinger equation is studied by introducing the sharp cutoff in the integral equation in
the renormalization group analysis. The scattering amplitude is expanded around the ordinary weak coupling limit and so
called the unitary limit, in which the scattering length becomes infinite or the binding energy vanishes. Requiring the truncated
Born series the cutoff independence, we obtain relations for the Born expansion around the unitary limit in which a significant
cancelation occurs among the terms in the same higher orders. We demonstrate this in the calculation of the scattering length
and the phase shift of the $S$-wave $nd$ scattering for spin quartet channel below the deuteron breakup threshold $k\sim 50
$~MeV in pionless effective field theory by reducing the value of the cutoff. We find the significant cancellation occurs and
the truncated Born expansion around the unitary limit would be a good approximation at a rather large cutoff value,
$\Lambda\sim 100$~MeV.
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CG-07
,

Study on the production of the new neutron-rich Zn, Sn, Te, and Xe isotoepes
1,

2,

&

N. V. Antonenko3
. 1

.

2

. 3Joint Institute for Nuclear

Research.

Since one of the primary issues of nuclear physics is extension of the limits of nuclear chart
towards the neutron drip-line, the interest of neutron rich nuclei located far from the stability line
has been increased. Neuron-rich nuclei are related to a variety of new phenomena such as the
existence of neutron skins, neutron halos, and shell evolutions. Furthermore, many of these
nuclei play an important role in stellar nucleosynthesis, especially in the r-process.
We predict the production cross section of the new neutron-rich Zn, Sn, Te, and Xe isotopes in
the diffusive multi-nucleon transfer at incident energies near the Coulomb barrier (Few MeV/A).
The production cross section is calculated using the method based on di-nuclear system
concept, master equation and Kramers-type expression. It is essential to choose the optimal
projectile-target combinations and bombarding energies for future experiments because of the
small possibility for producing neutron-rich isotopes close to neutron drip line.

CG-08

Neutron Capture Cross Sections of 151,153Eu Using a pair of C6D6 Detectors

LEE Jaehong, HORI Jun-ichi, NAKAJIMA Ken, LEE Samyol1
Kyoto University, Nuclear Engineering. 1Dongseo University, Department of Radiological Science.
In the present study, we have measured the neutron capture cross sections of 151Eu and 153Eu by the time-of-flight (TOF)
method in the range of 0.03 eV to keV region using a 46 MeV electron linear accelerator at the Research Reactor Institute,
Kyoto University (KURRI). We employed a pair of C6D6 liquid scintillators for the capture γ-ray measurement. The energy
dependent neutron flux was derived with the standard cross sections of the 10B(n,αγ) reaction. A pulse-height weighting
technique was applied to observe γ-ray spectra to determine the capture yields of 151, 153Eu. The weighting function was
obtained using the response function of a pair of C6D6 liquid scintillators that were calculated with a Monte-Carlo simulation
code EGS5 (Electron Gamma Shower Version 5). The present results were compared with the previous experimental data and
the evaluated value of JENDL-4.0.
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CG-09

Measurement of Isomeric Yield Ratios for natNd(γ,xn) 139m,g141m,gNd reaction with
Bremsstrahlung Energies of 45-60 MeV

YANG Sung-Chul, ZAMAN Muhammad1, KIM Guinyun1, SONG Tae-Yung2, LEE Young-Ouk2, NAIK Haladhara3, SHIN
Sung-Gyun4, CHO Moo-Hyun4
Department of Physics, Kyungpook National University; Nuclear Data Center, Korea Atomic Energy Research
Institute. 1Department of Physics, Kyungpook National University. 2Nuclear Data Center, Korea Atomic Energy Research
Institute. 3Radiochemistry Division, Bhabha Atomic Research Centre, India. 4Division of Advanced Nuclear Engineering,
Pohang University of Science and Technology.
We measured the isomeric yield ratios (IR) of 139m,gNd and 141m,gNd from the natNd(γ,xn) reaction with end-point
bremsstrahlung energies of 45-60 MeV using the activation method and off-line γ-rays spectrometric technique at the 100MeV electron linac of Pohang Accelerator Laboratory. The induced activities in the irradiated Nd foils were measured by
using a high-purity germanium detector (HPGe) and the γ-ray counting was analyzed through the Gamma Vision program. The
present work for the IR of 141m,gNd was compared with the literature data at other end-point bremsstrahlung energies to
examine the role of excitation energy. On the other hand, the IR of 139m,gNd of the present work was compared with similar
data of charged particle reaction to examine the role of entrance channel parameters.

CG-10

Nuclear Structure and Decay Data Evaluation

LEE Jeong-Yeon, TULI Jagdish1, KIM Yeongduk, GIL Choongsup2, LEE Youngouk2
Institute for Basic Science. 1Brookhaven National Laboratory. 2Korea Atomic Energy Research Institute.
We will introduce the Nuclear Structure and Decay Data Evaluation work based on the ENSDF (Evaluated Nuclear Structure
Data File ) which is maintained by the National Nuclear Data Center at Brookhaven National Laboratory. The ENSDF
contains evaluated nuclear structure and decay information, let say, adopted levels, gamma strengths, Q-values, logft values,
and their parents information etc. As examples, we will show our evaluated results on 211Po and 215Po.
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CG-11

Effects of entrance channels in the fusion reactions forming 220Th

KIM Kyungil, KIM Youngman, NASIROV Avazbek1
Rare Isotope Science Project, Institute for Basic Science, Daejeon 305-811, Korea. 1Joint Institute for Nuclear Research,
Joliot-Curie 6, 141980 Dubna, Russia.
We study the complete and incomplete fusion processes for the reactions forming 220Th with the di-nuclear system (DNS)
model. We consider evaporation residue (ER) cross sections for fusion reactions forming 220Th, such as 16O+204Pb, using the
DNS model. Experimental data for such reactions shows that the cross sections for the heavier projectile are typically smaller
than those for the lighter projectile. Also, the ratio for the 16O-induced reaction is suppressed with a large yield of Ra nuclei,
even though the ratio of the cross sections of neutron ER to total ER cross sections would be expected to be the same for all
reactions. These observations are attributed to the effects of quasi-fission: the separation of di-nuclear system before forming a
compact compound nucleus. We calculate the fusion and the quasi-fission cross sections with the DNS model and discuss their
contributions to the fusion of 220Th. Then, we evaluate production rates of quasi-fission fragments for each reaction to describe
the suppression of the ratio for the 16O-induced reaction.

CG-12

19F(a,p)22Ne

reaction measurement in inverse kenematics with an extended gas target

CHAE Kyungyuk, BARDAYAN D.W.1, NESARAJA C.D.1, SMITH M.S.1, AHN S.H.2, AYRES A.2, BEY A.2, JONES
K.L.2, PITTMAN S.T.2, KOZUB R.L.3, MATOS M.4, MOAZEN B.H.4, PETERS W.A.5
Physics Department, Sungkyunkwan University. 1Physics Division, Oak Ridge National Laboratory. 2Physics Department,
University of Tennessee. 3Physics Department, TN. Tech. Univ.. 4Physics Department, LSU. 5ORAU.
Because of the astrophysical importance of measuring numerous (a,p) reactions for explosivenucleosynthesis, we have
developed a new approach using heavy ion beams incident on a Helium target and have measured the 4He(19F,1H)22Ne
reaction as a first demonstration. 19F beamswere produced at the Holifield Radioactive Ion Beam Facility (HRIBF) at Oak
Ridge National Laboratory (ORNL) and bombarded a large scattering chamber filled with helium gas. Using a newly built gas
recirculator system, a windowless gas target was maintained at a constant He pressure of 9 Torr. Recoiling protons from the
reactions were detected by a large area annular silicon strip detector array (SIDAR) which was configured in dE-E telescope
mode. We measured the 19F(a,p) and 19F(a,p') excitation functions over the energy range of Ec.m.~1-2.1 MeV. Details of the
experimental setup and a status report on the analysis will be presented.
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CG-13

Independent isomeric yield ratio of 89m,gZr from natZr(γ, xn) reaction at the end-point
bremsstrahlung energies of 16, 50, 60 and 70 MeV

H. Naik, G. N. Kim1, R. Schwengner2, K. Kim1, M. W. Lee3, M. Zaman1, R. Massavczyh2, R. John2, A. Junghans2, A.
Goswami, M. -H. Cho1
Radiochemistry Division, Bhabha Atomic Research Centre, Mumbai - 400 085, India. 1Department of Physics, Kyungpook
National University, Daegu 702-701, Republic of Korea. 2Institut of Radiation Physics, Helmholtz-Zentrum DresdenRossendorf (HZDR), Dressden, Germany. 3Medical Radiological Physics Laboratory, Research Center, DIRAMS, Busan,
Korea.
The independent isomeric yield ratio of 89m,gZr from the natZr(γ, xn) reaction with the end-point bremsstrahlung energies of
16-, 50-, 60-, and 70-MeV were determined by the activation and off-line γ-ray spectrometric technique using the 20 MeV
electron linac (ELBE) at Helmholtz-Zentrum Dresden-Rossendorf (HZDR) Dresden, Germany and 100 MeV electron linac at
Pohang Accelerator Laboratory (PAL), Pohang, Korea. The measured isomeric yield ratio of 89m,gZr in the natZr(γ, xn) reaction
from the present work was compared with the similar literature data within the end-point bremsstrahlung energies of 13-70
MeV. It was surprising to see that the isomeric yield ratio of 89m,gZr increases sharply from the bremsstrahlung energy of 13 to
18 MeV and then decreases up to 22 MeV. This may be due to the giant dipole resonance (GDR) effect. After 22 MeV, it
increases slowly up to the end-point bremsstrahlung energy of 70 MeV, which indicates the effect of excitation energy. In
order to examine these aspects, the isomeric yield ratios of 89m,gZr in the natZr(γ, xn) reaction was calculated theoretically
using computer code TALYS 1.4. The theoretical isomeric yield ratio also shows the similar trend. However, at all the
bremsstrahlung energies, the theoretical values are significantly lower than the experimental data, which may be due to the use
of default parameter in TALYS calculation.

CG-14

Measurement of photo neutron reaction cross-sections of 89Y with end-point
bremsstrahlung energies of 45 and 55 MeV

M. Zaman, G. N. Kim, H. Naik1, K. Kim, S. G. Shin2, Y. Gey2, M. -H. Cho2
Department of Physics, Kyungpook National University, Daegu 702-701, Republic of Korea. 1Radiochemistry Division,
Bhabha Atomic Research Centre, Mumbai 400085, India. 2Division of Advanced Nuclear Engineering, Pohang University of
Science and Technology, Pohang 790-784, Republic of Korea.
The cross-section of 89Y(γ, n)88Y, 89Y(γ, 2n)87Y, 89Y(γ, 3n)86Y and 89Y(γ, 4n)85Y reaction induced by the end-point
bremsstrahlung energies of 45 and 55 MeV have been determined for the first time by activation and off-line γ-ray
spectrometric technique using the electron linac at the Pohang Accelerator Laboratory (PAL), Pohang, South Korea. The
bremsstrahlung spectrum was generated by using Monte Carlo Simulation code, MCNPX. The (γ, xn, x = 1-4) reaction crosssections of 89Y as a function of photon energy were calculated using computer code, TALYS 1.4. The flux-weighted crosssections were then obtained from the experimental data of literature and theoretical values of TALYS. The experimental data
and flux-weighted literature data at different end-point bremsstrahlung energies are in good agreement with the theoretical
values based on the TALYS 1.4 code. It was also found that the 89Y(γ, xn, x = 1-4) cross-section increases sharply from the
threshold value up to the end-point bremsstrahlung energy, where other reaction channels open up. Then it remains constant a
while, where the next reaction channel increases. There after it decrease slowly with increase of bremsstrahlung energy. This
indicates the partition of bremsstrahlung energy in different reaction channels.
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CG-15

Neutron occupancy of 0d5/2 orbital in the neutron drip-line nucleus 24O

, SATOU Yoshiteru1, R405N collaboration2
,
. 1
,
. 2R405N collaboration.
24
The partial one-neutron removal cross section of O leading to the unbound excited state in 23O has been measured with a
proton target at the beam energy of 62 MeV/nucleon. The decay energy spectrum of the neutron unbound state of 23O was
reconstructed using the invariant mass method. A sharp peak was observed at Edecay = 48 keV, confirming the previous

measurements. The partial longitudinal momentum distribution of 23O showed the d-wave knockout character, providing a
support for the Jpi assignment of 5/2+ for this state. The spectroscopic factor for the neutrons in 0d5/2 orbital was deduced, for
the first time, by comparing with the result of Glauber model calculation. The relatively large spectroscopic factor supports the
N = 16 shell closure in the neutron drip-line nucleus 24O.

CG-16
reactions on

Experimental study to measure the excitation functions for proton induced nuclear
with in energy range 16 MeV to 45 MeV

natCu

M. Shahid, G. N. Kim, K. Kim, H. Naik1
Department of Physics, Kyungpook National University, Daegu 702-701, Republic of Korea. 1Radiochemistry Division,
Bhabha Atomic Research Centre, Mumbai - 400 085, India.
The experiment was designed to measure the excitation functions for the production cross section of Co, Zn and Ni
radioisotopes in energy range 16 MeV to 45 MeV for natCu(p,x) reaction. The stacked-foil activation technique and high
resolution off-line gamma-ray spectrometry was applied to measure the experimental cross sections of the produced
radionuclides. Theoretical cross sections for natCu(p,x) as a function of proton energy were also calculated using the computer
code TALYS (based on TENDL-2010 data library). The results were compared with the earlier reported experimental data and
theoretical calculations. The results were found in good agreement in the overlapping energy regions. Some of the investigated
radionuclides (e.g. 60Co) have remarkable applications. It can be used as a tracer for cobalt in chemical reactions, sterilizer of
medical equipment, radiation source for radiotherapy & industrial radiography, level & thickness gauge device, sterilizer for
pest sect and food & blood irradiator.
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CG-17

Double Lambda H-4 in Halo Effective Field Theory

ANDO Shung-Ichi, YANG Ghil-Seok1, OH Yongseok1
Daegu University, Department of Physics Education. 1Kyungpook National University, Department of Physics.
The $_{\Lambda\Lambda}^{\ \ 4}$H bound state and the $S$-wave scattering of hypertriton (${}_\Lambda^{ \, 3}$H) and
$\Lambda$ for spin singlet and triplet channels below the hypertriton breakup momentum are studied, within a three cluster
($\Lambda$-$\Lambda$-deuteron) system, in Halo Effective Field Theory at the leading order. In the spin singlet channel, we
find that the scattering length and phase shift can be described by effective range in the hypertriton channel. On the other hand,
in the spin triplet channel, we find that the integral equation exhibits a limit-cycle and shows a sensitivity to the cutoff
parameter $\Lambda_c$. The role of three-body contact-interaction is also investigated. We find that the system has a negative
large scattering length, which implies formation of a quasi-bound state, in the absence of three-body contact-interactions.
Introducing a three-body contact interaction whose strength is determined phenomenologically, we study the sensitivities of
the two $\Lambda$ separation energy $B_{\Lambda\Lambda}$ of $_{\Lambda\Lambda}^{\ \ 4}$H and the scattering length,
$a_1$, of the hypertriton-$\Lambda$ scattering to the parameters, the scattering length, $a_{\Lambda\Lambda}$, of the
$\Lambda\Lambda$ scattering in $^1S_0$ channel and the cutoff $\Lambda_c$.

CG-18

Single and Double Spin Asymmetries from Deeply Virtual Exclusive pi0 Production on a
Longitudinally Polarized Proton with CLAS

, KIM Andrey, BURKERT Volker1
. 1Jefferson Lab.
Deeply Virtual pi0 production offers a unique opportunity to study the internal structure of the nucleon at the parton level.
This reaction was identified as especially sensitive to the chiral-odd transversity GPDs. They encode correlations of parton
distributions in transverse impact parameter space that are accesible through the measurements of the x_B and t dependence
of pi0 production. Longitudinally polarized electron beam at Jefferson Lab and dynamically polarized NH_3 target with the
spins of free protons aligned along the beam axis in Hall B allow the measurements of three polarization observables, greatly
improving the extraction of polarized structure function ratios. Preliminary results for single and double spin asymmetries will
be presented and compared to recent theoretical calculations using the handbag mechanism.
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CG-19*

Status of E13 1st Part at J-PARC

YANG Seongbae, J-PARC E13 Collaboration1
Seoul National University, Department of Physics and Astronomy. 1J-PARC E13 Collaboration.
The E13 1st part, which is a γ-ray spectroscopy experiment on 4ΛHe and 19ΛF, is ongoing at J-PARC K1.8 beam line. In the
experiment, we intend to measure γ ray emitted from the spin-flip transition between the ground state doublet of 4ΛHe. By
comparing it with 4ΛH, the charge symmetric breaking in ΛN interaction will be studied. On the other hand, the study
of 19ΛF is the first measurement of γ rays from sd-shell hypernuclei, and it will provide information on the effective ΛN spinspin interaction in sd-shell hypernuclei.
The 4ΛHe and 19ΛF are produced by (K-, π-) reaction, and the generated hypernuclei are identified by SKS (Superconducting Kaon Spectrometer) and K1.8 beam line spectrometer. At the same time, the γ rays from the hypernuclei are
detected by Hyperball-J, which is a new array of germanium detectors for J-PARC experiments. The spectrometers have
already been installed at J-PARC K1.8 beam line, and the whole system was checked during a commissioning beam time in
May 2013. At the commissioning beam time, production of Σ+ was performed with a CH2 target, and the coincidence
measurement of γ ray and (K-, π-) reaction was tested with a CF2 target. Recent analysis results of the commissioning beam
time will be reported at the conference.

CG-20

Omega Baryon Photoproduction In An Effective Lagrangian Approach

HOSAKA Atushi3, NAKAYAMA Kanzo4, HABERZETTL Haelmut5
. 1
. 2
. 3
. 4University of Georgia, USA. 5George
Washington University, USA.
Historically, baryons with multiple strange quarks have played an important role in the development of the quark model and
our understanding of the universe.The prediction and discovery of the \Omega baryon certainly was one of the greattriumphs
of the quark model. However there has been little new information aboutthe \Omega and \Xi baryons. In the present work, we
investigate Omega baryon photoproduciton which issupposed to be performed at J-lab around 2015. We would like to
suggestthe minimum of the cross section with ground states of intermediate baryonstates based on the effective Lagrangian
approach.Also invariant-mass distribution and spin observables of the \Omega baryonproduction are discussed.
,

1,

2,
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CG-21

Development of KURAMA spectrometer at J-PARC K1.8 beamline

HWANG Sanghoon, AHN Jung Keun1, IMAI Kenichi2, E03/07/42 Collaboration3
Japan Atomic Energy Agency, Advanced Science Research Center. 1Pusan National University, Department of
Physics. 2Japan Atomic Energy Agency, Advanced Scinence Research Center. 3E03/07/42 collaboration.
We investigate the systemic study of S=-2 systems, double hyper nuclei by hybrid-emulsion method (E07), X-ray from Xiatom (E03) and H-dibaryon search by Hyperon Time-Projection-Chamber (E42), via (K-,K+) reaction at J-PARC K1.8 beamline. The scattered K+ particles are detected with the KURAMA spectrometer, which was used in KEK-PS experiment. We are
developing the KURAMA spectrometer with a large pole gap. We would like to discuss the detectors R&D and the simulation
results for the KURAMA spectrometer in this talk.

CG-22
,

Analysis of the in-medium modified nucleon structure in a π-ρ-ω meson model
, YAKHSHIEV Ulugbek

.
We investigate energy-momentum tensor form factors (EMTFFs) of the
nucleon in nuclear medium in the framework of chiral solitonic model
with π, ρ and ω mesons. The EMTFFs make it possible to describe how
the mass and the spin are distributed inside a nucleon.
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CG-23

Design study of Isotope Separation On-Line (ISOL) target system for Rare Isotope Science

Project in Korea
,

1,

,
,
,
1
,
.
,
.
Rare Isotope Science Project (RISP) was launched by Institute for Basic Science (IBS) in December 2011 in Korea. We are
developing Isotope Separation On-Line (ISOL) target system, which consists of 1.3 mm-thick uranium-carbide multi-disks and
cylindrical tantalum heater, to provide various rare isotope beams for the researches in basic science and application. The
intense neutron-rich nuclei are produced via the fission process using the uranium carbide targets with a 70 MeV proton beam.
The in-target fission rate was estimated to be ~1013/sec for 10 kW proton beam. The target system has been designed to be
operated at a temperature of about 2000 oC so as to reduce the release time. A current status of design of the ISOL target
system for RISP is briefly introduced with an overview of RISP.

CG-24

,

,

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

, for the E42 collaboration1
,
. 1.
E42 collaboration proposes to search for the H dibaryon in LL production via 12C(K-,K+)X at J-PARC K1.8 beamline.We are
developing a large acceptance hyperon spectrometer with a Time Projection Chamber (HypTPC) to detect LL particles from H
dibaryon. Before developing TPC, we made prototype TPC with 10cm x 20cm active area. The prototype TPC consists of 3
layers of GEM sheet with 10cm x 20cm size to amplify drift electrons. The PAD plane for signal readout is made of part of
real TPC which is the region of target holder position. We tested prototype TPC by laser, Fe-55 source and cosmic ray muon.
We developed helmholtz type magnet with 500G magnetic field strength to test ExB effect of prototype TPC. We also checked
the effect of target holder. We plan to use CoBo system for data taking of TPC. Now, we are testing Reduced-CoBo system
with prototype TPC. We will present the test result of prototype TPC and our next plan.
,
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CG-25

Development of HypTPC for E42 experiment

HWANG Sanghoon, SAKO Hirouki, IMAI Kenichi, AHN Jung Keun1, E42 Collaboration2
Japan Atomic Energy Agency, Advanced Science Research Center. 1Pusan National University, Department of Physics. 2E42
Collaboration.
The E42 collaboration proposed to search for the H-dibaryon in ΛΛ production from (K−, K+) reaction off nuclei by using a
high-intensity K− beam at J-PARC with 100 times better statistics than KEK-E224 and E552 experiments. Our proposed
experiment will be designed to confirm if the enhancement is due to the H-dibaryon as a ΛΛ resonance or a virtual bound state
or ΛΛ final state interaction. We are developing a large-acceptance hyperon spectrometer with a Time-Projection- Chamber
(HypTPC) to detector ΛΛ particles, simultaneously K+ particle is measured by the KURAMA spectrometer. We have
fabricated the 1st prototype GEM-TPC and are doing a R&D. Also we are preparing the 2nd prototype GEM-TPC with full
size of readout pad. In this talk, we will discuss the R&D results of the 1st prototype GEM-TPC and a preperation of the 2nd
prototype GEM-TPC.

CG-26*

Development of the Beam Aerogel Cherenkov Counter for the J-PARC E42 Experiment

1
,
,
. 1JAEA.
We have developed a beam aerogel Cherenkov counter (BAC) for discriminating 1.8-GeV/c kaons from unwanted beam
particles in the K1.8 beam line of J-PARC. The BAC should be of high-efficiency and very compact to be placed in front of
the Hyperon Spectrometer for the H-dibaryon search experiment (E42) at J-PARC. We designed twospecular parabolic
reflectors to focus Cherenkov light to 3-inch photomultipliers (PMT) at both ends. The super-bialkali PMT has 35% quantum
efficiency at 350 nm. Cherenkov radiator consists of three aerogel blocks with refractive index of 1.03, each being 10 x 10
cm^2 and 1 cm thick. We have tested the BAC prototype using a ^90Sr source, cosmic rays, and GeV electrons at SPring8/LEPS. We will report test results and a revised design of the BAC.

,

,
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CG-27

Development of the Forward Aerogel Counter for E42 experiment

,
, IMAI Kenichi1, SAKO Hiroyuki1, SAKO Hiroyuki1
. 1JAEA.
The Forward Aerogel counter (FAC) is developed for separation of a charged particles in the forward plane of KURAMA
magnet in E42 experiment at J-PARC. The FAC is equipped by a fine mesh photomultipliers which are readout Cherenkov
light from aerogel radiator in the prototype counter constructed at Pusan National University. The radiator block consist of
silica aerogel tiles with refractive index of n=1.05. The simulation of the counter exhibits remarkable detection efficiency for
the cosmic ray muons with momenta > 3 GeV. The data obtained in the test with prototype FAC is compared with MonteCarlo simulation results.
NI Andrey,

CG-28*

Current Status of the Neutron Detector Prototypes for LAMPS at the RAON Facility

MULILO Benard (MSc. Std), LEE KiSoo (PhD Std), LEE Kyongsei
(Dr.)1, HONG Byungsik (Prof.)1
Korea University, Physics Dept., Nuclear Physics Lab.. 1Korea
University, Physics Dept..
We present the design and tests of the block-type neutron detector
prototype module for LAMPS at the planned high intensity RIB facility
RAON. We have built the prototypes and examined their performance
using 252Cf and a 43 MeV, 1 nA proton beam irradiated on a 10 mm
thick iron target. The former was performed at Korea University Nuclear
Physics Laboratory while the latter at KIRAMS. The fission neutrons
emitted from 252Cf can be well separated in the time distribution by
employing the ToF technique. We consequently constructed the energy
spectrum of the fission neutrons which can be well described by using
the empirical Watt spectrum.The energy spectra of the neutrons for E >
2.3 MeV were constructed. In the present tests, therefore, the kinetic energy of the neutrons could be well measured up to ~ 10
MeV.
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CG-29(

)

QCD magnetic susceptibility at finite temperature beyond the chiral limit

.
We investigate QCD magnetic susceptibility chi_q for light-flavor SU
(2) at finite temperature (T) beyond the chiral limit, using the liquid
instanton model for N_c=3, defined in Euclidean space and modified by
the T-dependent caloron solution. The background electromagnetic
fields are included in the QCD vacuum, employing the Schwinger
method. We first compute the scalar (chiral) and tensor condensates as
functions of T and the current-quark mass m, signaling the correct
universal chiral restoration patterns. It turns out that chi_q, given by the
ratio of the two condensates, is a smoothly decreasing function of T,
showing about 20%reduction of its strength at the chiral transition T =
T_0, in comparison to that at T=0, and decreases almost linearly beyond
T_0 for m > 0. We observe that the present numerical results are in
qualitatively good agreement with other theoretical results, including the
lattice simulations. Finally, we examine the effects of the external
magnetic field on the tensor-polarization VEV, which plays the role of the chiral order parameter.

CG-30*
,

Heavy quark production at forward rapidity in d+Au collisions at sqrt(s) = 200 GeV
,

,
,
,
,
.
Heavy quarks produced in the early stage of heavy ion collisions are very effective probes of dense partonic medium produced
at RHIC. PHENIX has an ability to measure heavy flavor production through semi-leptonic decays by measuring single
electrons in central arm spectrometers (|eta|<0.35) and single muons in forward(backward) muon spectrometers (1.4<|eta|<2.0).
The measurement of single leptons from open heavy-flavor in d+Au collisions allows to probe initial state Cold Nuclear
Matter (CNM) effects on heavy quark production. Single electron measurement in d+Au collisions at mid-rapidity indicates
strong CNM effects (Cronin enhancement) in contrast to suppression in Au+Au collisions. The measurements of single muon
from open heavy-flavor in d+Au collisions at forward (backward) rapidity provide detailed look into rapidity dependent CNM
effects as well as the low (high) x patron distribution within the Au nucleus. In this talk, I will present recent PHENIX heavyflavor measurement in d+Au collisions and discuss how they further our understanding of CNM effects and contribute to the
interpretation of other results in heavy-ion collisions.
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CG-31*

Multiplicity dependence of two particleΔφ,Δη correlation in proton-proton collisions at
7TeV center-of-mass energy with ALICE at LHC

BHOM Jihyun
University of Tsukuba.
Multi-particle correlation is a general method to study the hot/density matter. With reference to relativistic hydrodynamics, the
multiplicity dependentresults of two-particleΔφ,Δη correlations are shown and discussed for charged particles in proton-proton
collisions data at center of mass energy of 7 TeV using the ALICE detector at the Large Hadron Collider. The analysis include
charged particle with pseudo-rapidity |η| <0.9. This is the observation of shape of two-particle correlation and associated
particle yields per trigger particle especially focusing on a long- and short –rangeΔφandΔη correlation.

CG-32*

Characterization of Pixel Chips for ALICE-ITS Upgrade Project

KIM Jiyoung, YI JunGyu, YOO In-Kwon
Dep. of Physics, Pusan National University, On behalf of the ALICE
collaboration.
We present the ALICE(A Large Ion Collider Experiment) upgrade
project activities of Pusan National University. The ALICE is a general
purpose experiment dedicated to the study of heavy ion collisions at the
LHC. According to projected luminosity at the LHC, overall ALICE
detectors are being developed to raise the data taking rate by using new
data readout system and to improve the vertexing and tracking
capabilities at low pT by installing new ITS(Inner Tracking System). In
the ALICE upgrade project, we are participating the R&D for the new
ITS detector, especially characterization of a silicon pixel chips and
tests. We measured characteristic of the new chips from pedestal
measurements. We plan to build a test system for the silicon pixel chips
in PNU in order to perform the qualification test for the ITS detector in near future.
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CP-01

Theoretical perspective of heavy ion physics

HIRANO Tetsufumi
Sophia Univ..
In this talk, I briefly overview of current understanding of pp, pA and AA collisions at very high energy from a theoretical
point of view. An emphasis will be put on importance of understanding initial stages in high energy nuclear collisions.

CP-02

Potentials for heavy quark system in quark-gluon plasma

LEE Su Houng
Yonsei University.
Suppression of heavy quark system from heavy ion collision is without doubt one of the most sought signals for the formation
of quark-gluon plasma. Nonetheless, theoretically, we are still debating over the dissociation temperature of the heavy quark
system at finite temperature. We summarize the controversies involved within the potential model and point to ways of
resolving the puzzle by looking at physical quantities such as the overlap of the wave function at the origin.

17

CP-03

Probing the Hot and Dense QCD medium with Hard Probes at RHIC and LHC

GUNJI Taku
Center for Nuclear Study, the University of Tokyo.
Heavy-ion collisions at the RHIC and LHC are used to study strongly interacting matter at high energy density and
temperature. Experimental results at RHIC has shown that high energy partons and heavy quarks lose energy when traversing
the hot and dense matter and thus they can be used to probe its properties. At LHC, the production rates of hard partons are
much larger, which allows us to extend range in parton energies and to perform detailed studies of the medium properties. In
this talk, recent experimental results with hard probes at RHIC and LHC will be reviewed.

CP-04

Overview of hard scattering results from Heavy ion collision experiments using CMS

detector

KIM Yongsun
Korea University.

This talk reviews recent experimental results on jet production and properties in
heavy-ion collisions from the CMS Collaboration. These studies include various
energy loss phenomena (dijet and photon-jet energy imbalance, jet nuclear
modification factors, tagged b-quark jets); observables characterizing jet properties
like jet shapes and fragmentation functions; and measurements of high pT charged
hadrons from jet fragmentation (nuclear modification factors up to 100GeV,
azimuthal asymmetry up to 60GeV and two-particle correlations triggered by a
high-$p_T$ hadron).
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CP-05( )

Recent Results from ALIC

KWEON Min Jung
Inha Univ..
.

CP-06

Soft physics at RHIC

MASUI Hiroshi
Tsukuba Univ..
Recent measurements about soft physics at RHIC will be reviewed. Especially, I'm going to focus on the bulk correlation
observables in order to study the structure of QCD phase diagram at top RHIC energy as well as beam energy scan.
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CP-07

Recent Results from RHIC.

KANG Ju Hwan
Yonsei University.
Heavy ion data at several lower energies at RHIC through Beam Energy Scan (BES) program were collected recently to study
the QCD critical point and the onset of decofinement. At the same time, more measurements using d+Au collisions at RHIC
have been made to study the initial state Cold Nuclear Matter (CNM) effects which can be used as a baseline in the
understanding of the hot and dense QCD medium created in heavy ion collisions. In this talk, RHIC results from Bean Energy
Scan program and d+Au collisions will be presented along with the future plan at RHIC.

P3-C001

Relativistic Analysis of Proton Elastic Scatterings from Polarized 20Ne

,
.
Intermediate energy proton elastic scatterings from polarized 20Ne are analyzed relativistically using Dirac optical potential
model. Scalar and time-like vector optical potentials are considered and the optical potential parameters of Woods-Saxon
shape are obtained phenomenologically by solving Dirac equations and calculating the experimental observables, such as
differential cross sections and analyzing powers using sequential iteration method. The calculated optical potential parameters
are analyzed and compared with those of other s-d shell nuclei. Dirac equations are reduced to obtain the schoedinger-like
second order differential equations and the obtained effective central and spin-orbit optical potentials are analyzed and
compared with those of nonrelativistic calculations based on Schroedinger equations.
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P3-C002

Relativistic Analyses of 2- Gamma Vibrational Band States of 20Ne

,
.
The highly excited states of 20Ne that belong to 2- gamma vibrational band are investigated in the Dirac coupled channel
formalism considering intermediate energy proton inelastic scatterings. As direct potentials, Scalar and vector potentials are
used and the first order vibrational collective models are used to obtain the transition optical potentials to describe the highly
excited vibrational collective states. The complicated Dirac coupled channel equations are solved numerically to obtain the
differential cross sections and analyzing power using minimum chi-square method. The channel coupling effects are
investigated considering multistep process for the highly excited states. The calculated results are compared with the
experimental data and those of nonrelativistic calculations.

P3-C003

Low-lying structures of the nuclei 128Ba and 132Ce

,
.
Low-lying structures of the nuclei 128Ba and 132Ce, energy spectra and E2 transition rates, are presented in this study. We
considered the collective Bohr Hamiltonians which are composed with potentials of the two types V(β,γ)=v1(β)+v2(γ) and V

(β,γ)=v1(β)+v2(γ)/β2, where the terms in β and γ variables are taken as harmonic oscillators. The eigenfunctions of the first and
the second type Hamiltonian are given respectively in terms of Laguerre function and the confluent hypergeometric function.
The eigenvalues of the Hamiltonian are expressed in terms of the several quantum number. A comparison with the spectral
properties of the two types is presented and the experimental spectra and E2 transitions of the nuclei 128Ba and 132Ce are at the
base of the our results.
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P3-C004*

The Measurement of D^0 Meson in P+P Collisions at Sqrt(s)=200 GeV using the VTX in the
PHENIX Experiment at RHIC
Yonsei University, RIKEN, for the PHENIX collaboration..
The direct measurement of D^0 meson via the hadronic channel D^0 -> K^- + π^+ and its charge conjugate in polarized
proton-proton collisions will provide the information on tri-gluon correlation function in the polarized proton. Furthermore,
this measurement is also used as a baseline to understand the hot and dense QCD medium in heavy ion collisions. The direct
reconstruction of D^0 has been difficult in the PHENIX experiment due to large combinatorial backgrounds and very short
decay length of D^0 (cτ = 123.7 microns). The new silicon vertex trackers (VTX) will provide the precise measurement of the
primary and decay vertex which can reduce the combinatorial background significantly. The current analysis status of D^0
reconstruction will be presented along with the introduction of the physics motivation and the VTX system.
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P3-C008*

Development of SSD in Emulsion-Hybrid System at J-PARC

LEE Jaeyong, TANIDA Kiyoshi1, KIUCHI Ryuta1, WATABE Toyoki2
Department of Physics and Astronomy, Seoul National University for J-PARC E07 Collaboration. 1Department of Physics
and Astronomy, Seoul National University. 2Nagoya University.
In the upcoming experiment at the J-PARC K1.8 beam line called E07 (Systematic Study of Double Strangeness System with
an Emulsion-Counter Hybrid System), nuclear emulsion detector is a main part to study the behavior of hypernuclei with the
strangeness S=-2. However, the nuclear emulsion detector is not efficient by itself because of its enormously huge data size
requiring a long time for analysis. In order to supplement its disadvantage, emulsion-hybrid system was designed and is now
being prepared for the E07 experiment at J-PARC. In the hybrid system, the positions of events of our interest are predicted by
counters and tracking detectors so that only small fractions of emulsion plates have to be analyzed. Among those detectors,
SSD (Silicon Strip Detector) plays the most important role by giving the information of vertex positions on the emulsion plates
with high precision because SSD has very high position resolution. From the vertex position information, the areas to be
analyzed on the emulsion plates are significantly reduced resulting in a short analysis time. SSD is now being developed at JPARC and the status of it will be presented.

P3-C009

Study of Spin-Parity of the Lambda_c(2765)+ with Belle.

JOO Changwoo, TANIDA Kiyoshi, KATO Yuji1
Seoul National Univ. 1Nagoya Univ.
Lambda(1405) is hardly understood as an ordinary three-quark baryon and there are many hypotheses which could explain
the nature of Lambda(1405). One hypothesis is that there are actually two poles, one mostly couples to K-bar-N and the other
to Sigma-Pi. This overlap might be separated in charm sector so that we can actually find two states, since mass difference
between Sigma_c-Pi and D-N is larger. Lamda_c(2593)+ has the same spin-parity as the Lambda(1405), and is considered as
the Sigma_c-Pi resonance. The corresponding D-N bound state candidate is the Lambda_c(2765)+, whose spin-parity is yet
unknown.
We use the Belle experiment data to assign spin and parity of the Lambda_c(2765)+. We analyze the angular distribution in
Lambda_c(2765)+ -> Sigma_c(2455) Pi decay to get the spin, and determine the branching fraction of Lambda_c(2765)+ ->
Sigma_c(2455) Pi/Sigma_c(2520) Pi to find the parity using heavy quark symmetry.
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P3-C010*

The role of dibaryon field and the momentum cut-off in pionless EFT

IN Eunjin, PARK Tae Sun1, HONG Seung-Woo1
Department of Energy Science, Sungkyunkwan University. 1Department of Physics, Sungkyunkwan University.
Two nucleon systems are highly non-perturbative due to their anomalously large scattering lengths. Such systems can be well
described either in Weinberg scheme EFTs with a finite cutoff or in EFTs with dibaryon fields. To explore a link between
these two distinct approaches, we first extend the theory to introduce both the nucleon contact interactions up to NLO and
dibaryon fields. Then the RG flow of the coefficient of the theory (LECs) is studied with the renormalization condition to
1
reproduce the experimental values of the scattering length and the effective range in S channel. Theoretical investigations
0
are made for a wide range of cutoff values in comparison with experimental data, and the roles of the dibaryon field and the
cut-off are discussed.

P3-C011

Study of heavy quark production at forward-rapidity in Au+Au collisions at sqrt(sNN)=39

and 62 GeV
,

,
,
,
,
.
Single muons from open heavy-flavor decay, such as D->lνK, are important probes for the study of heavy quark production
and strongly interacting medium produced at RHIC. PHENIX experiment has a capability to measure heavy quark production
by measuring electrons at mid-rapidity and muons at forward rapidity. Two muon arms consisting of a muon tracker and a
muon identifier located at backward and forward rapidity cover the pseudorapidity range of 1.2<|eta|<2.2. With this muon
spectrometer, heavy-flavor muons have been measured in collisions systems of p+p, d+Au, Cu+Cu. Recently, heavy-flavor
electron production and its flow in Au+Au collisions at sqrt(sNN)=62 GeV have been measured at the mid-rapidity. The same
measurement at forward rapidity should be interesting to explore the medium property at forward region and the dependence
of collision energies. This measurement also provides the level of heavy-flavor suppression at forward rapidity which can be
compared with that at mid-rapidity for central Cu+Cu and Au+Au collisions. In this presentation, the detailed method for the
heavy-flavor muon measurement as well as the current analysis status with the Au+Au data at sqrt(sNN)=39 and 62 GeV will
be shown.
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P3-C012

Measurement of efficiency using Tag&Probe method in heavy-ion collisions

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

P3-C013

Introduction to the pixel design of the pixel sensor for the ALICE ITS upgrade

KWON, Y., SONG, M. K.1, KIM, D. H.1, HWANG, I. K.1
Dept. of Physics, Yonsei Univ., for the ALICE collaboration. 1Dept. of Semiconductor Science, Dongguk Univ., for the ALICE
collaboration.
Efforts to upgrade the Inner Tracking System (ITS) of the ALICE detector are in progress. The Large Hadron Collider (LHC)
plans to offer an increased Pb-Pb collision rate and a closer access to the beam line. With the choice of new technologies, the
ITS can achieve important improvements including the enhanced heavy flavor measurements to characterize the Quark-GluonPlasma(QGP) state. Monolithic Active Pixel Sensors(MAPS) have been studied extensively as the possible technology
choice. Monolithic pixel sensors use as the detection volume the p-type epitaxial layer grown on the highly p-doped silicon
substrate. The epitaxial layer typically has a thickness of 10-18 micron, thus the most probable signal generated by minimum
ionizing particles is about 10^{3} electrons. The epitaxial volume is partially depleted and the charge generated by an ionizing
particle is collected through the diffusion and the drift process by the implanted NWELLS. A first chip, named Explorer, has
been realized to characterize the charge collection devices in terms of noise, gain and charge collection efficiency. We will
introduce the structure of pixel and its operation within the context of the Explorer chip.
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P3-C014

Pixel signal conditioning and processing of the pixel sensor for the ALICE ITS upgrade

HWANG, I. K., KIM, D. H., KWON, Y.1, SONG, M. K.
Dept. of Semiconductor Science, Dongguk Univ., for the ALICE collaboration. 1Dept. of Physics, Yonsei Univ. for the ALICE
collaboration.
Efforts to upgrade the Inner Tracking System (ITS) of the ALICE detector are in progress. The Large Hadron Collider (LHC)
plans to offer an increased Pb-Pb collision rate and a closer access to the beam line. With the choice of new technologies, the
ITS can achieve important improvements including the enhanced heavy flavor measurements to characterize the Quark-GluonPlasma(QGP) state. Monolithic Active Pixel Sensors(MAPS) have been studied extensively as the possible technology
choice. The pixel sensor has the size of 15 mm x 30 mm and is segmented into small pixels of 20 micron x 30 micron size.
Readout time is less than 30 micro second with data throughputs of 0.6 Gbits/s while power consumption is below 300
mW/cm^{2}. Radiation hardness is also required up to a high level. Monolithic processing based on CMOS Image Sensor
(CIS) technology is under study by means of a test circuit, named Explorer. We describe the approach used by Explorer for the
signal conditioning and processing after the initial signal generation in each pixel.
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P3-C016
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P3-C017*

Development and Performance Test of Analysis Software for the CRIB Active Target

LEE Pilsoo, LEE Chun Sik, MOON Jun Young1, CHAE Kyung Yuk2, CHA Soo Mi2, YAMAGUCHI Hidetoshi3, NAKAO
Taro3, KAHL David3, KUBONO Shigeru4, CHERUBINI Silvio5, HAYAKAWA Seiya5, SIGNORINI Cosimo6
Department of Physics, Chung-Ang University. 1Institute for Basic Science, Yuseong-daero 1689-gil, Yusung-gu, Daejeon
305-811. 2Department of Physics, SungKyunKwan University. 3Center for Nuclear Study, the University of Tokyo, RIKEN
Campus, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan. 4The Institute of Physical and Chemical Research
(RIKEN). 5Laboratori nazionali del Sud-INFN, Catania, Italy. 6Physics Dept. of the University and INFN, Padova, Italy via
Mazolo 8, 35131, Padova, Italy.
A software for analysis and event-reconstruction of data obtained by the CRIB active target has been developed in graphical
user interface under the CERN ROOT framework. The primary motivation for developing the software was to provide
physicists who perform experiment using CRIB active target under more user-friendly environment for the purpose of
investigating the performance of detecting system and obtaining ideas of physics from a large amount of experimental data. To
test performance of the software, we analysed experimental data resulted from offline test with a standard alpha source and a
Nitrogen-16 RI beam experiment for alpha decay measurement. As a result of analysis, we observed a Bragg curve and
measured the range of the Nitrogen-16 RI beam in GEM-MSTPC. Then the Bragg curve was compared to the one obtained
from energy loss calculation in the P-10 gas, and data were calibrated against the calculation. Here we present the detailed
description of the analysis software and its test results.
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P3-C018

Implementation of a monitor chamber readout systemused for the beam monitoring at a
radiation generator

LEE Mu-Jin, LEE Man-Woo, KANG Sang-Koo, MOON Young-Min, KIM Hyo-Jin, LIM Heuijin, KANG Yeong-Rok,
YANG Kwang-Mo, JEONG Dong-Hyeok
Dongnam Inst. of Radiological & Medical Sciences, Research center.
The monitor chamber is a monitoring device of X-ray and electron beams in the radiation generator. An ionization current
from a monitor chamber is used to control the beam stability and integrated to determine the total quantity of irradiated beam
during the irradiation. A monitor chamber readout system was implemented with a circuit integrating electronic charge from
the monitor chamber. The test using a Cobalt-60 research irradiator was performed to examine the characteristics of the system
and compare with a pre-existing electrometer. The test showed the system can be used as the beam monitoring system at a
radiation generator.The monitor chamber readout system will be developed for a radiation therapy unit, an industrial irradiator
based on an electron LINAC and so on (This research was supported by National R&D Program through the Dong-nam
Institute of Radiological & Medical Sciences(DIRAMS) funded by the Ministry of Education, Science and Technology
(51314-2012).

P3-C019*

Constructing and commissioning of a fast ionization chamber

GWAK Minsik, CHAE Kyungyuk, CHA Soomi
Physics department, Sungkyunkwan University.
An ionization chamber is one of the most popular devices in detecting charged particles in nuclear physics experiments, since
it is very sturdy against radiation damage and easy to make and/or use. However, most of currently used ionization chambers
with Frisch grid show slow response times. It is limited to identify up to only about 100,000 particles per second as ionized
electrons and positive ions must travel relatively long distance in the chamber. We have designed, constructed, and
commissioned a fast ionization chamber whose design is originally adopted from the Tilted Electrode Gas Ionization Chamber
(TEGIC) at RIKEN. Details about the design and experimental data shall be discussed.
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P3-C021*

Double peaks separation method using the unfolding

KIM Hyo-Jin, RO Tae-Ik, JEONG Dong-Hyeok1, LEE Man Woo1, KANG Yeong-Rok1, KIM Jeung-Kee1, KIM Guinyun2
Department of Physics, Dong-A University. 1Research center, Dongnam Inst. of Radiological & Medical
Sciences. 2Department of Physics, Kyungpook Nat. Univ..
A measurement of neutron capture cross-sections in Au, 56Fe, 57Fe Samples is done in the energy region of 1 keV to 100 keV
at BL04 of the materials and life science facility in J-PARC(Japan Proton Accelerator Research Complex). The measured data
shows double peaks for one resonance peak due to the normal J-PARC operation with double bunching beam to generate many
neutrons. The analysis for nuclear data of J-PARC is necessary to extract a single peak from the double peaks. This study
shows how to get a single peak by using the method of unfolding. In order to find a response function of the unfolding a
relationship of peak and neutron parameters (peak energy, peak sigma, Γγ, Γn) of capture resonances are examined. This
separation study will be used to get the neutron capture cross-sections of the J-PARC in the future.
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P3-C022

Am-241, Cf-252

MICROMEGAS

KIM Doyoon, BAK Sang-In, IN Eunjin, SHIN Jae Won, ANDRIAMONJE Samuel1, PARK Tae-Sun, KADI Yacine,
TENREIRO Claudio, HONG Seung-Woo
Sungkyunkwan University, Department of Energy Science, Suwon 440-746, Korea. 1CERN, Geneva, Switzerland.
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P3-C024

Geant4 simulations of the experiment for search of the nuclear resonant absorption of

solar axions with

83Kr

ALI Luqman, KIM H. J., KOBYCHEV V. V.1, GAVRILYUK Yu. M.2, GANGAPSHEV A. M.2, KAZALOV V. V.2,
KUZ’MINOV V. V.2, TEKUEVA Dj. A.2, YAKIMENKO S. P.2, PANASENKO S. I.3, RATKEVICH S. S.3, KIM Y.D.4
Department of Physics, Kyungpook National University, Daegu, Republic of Korea. 1Department of Physics, Kyungpook
National University, Daegu, Republic of Korea, Institute for Nuclear Research (NAS Ukraine), Kiev, Ukraine. 2Baksan
Neutrino Observatory INR RAS, Russia. 3Karazin Kharkiv National University, Kharkiv, Ukraine. 4Institute of Basic Science,
Daejeon, Republic of Korea.
Axions are hypothetical light pseudoscalar bosons weakly coupled to stable matter; they can contribute to cold dark matter.
The axions can be searched in laboratory using sun as a source. The experiment to study for double EC of 78Kr performed in
Baksan Neutrino Observatory can be used to search for nuclear resonant absorption of hadronic axions emitted by thermally
excited 83Kr nuclei in the solar core. Two isotopic samples of krypton: with 99.81% 78Kr (141 g) and with 58.22% 83Kr (82 g)
were measured for ~1 yr in a copper shielded low background proportional chamber. The effect to be observed is de-excitation
of a 9.4 keV nuclear level in 83Kr. A study of backgrounds and detection efficiency for this experiment by simulation with
Geant4 is reported.

P3-C025

Growth and luminescence properties of large size NaI:Tl crystal

RA Se Jin, KIM Y.D., KIM H.J.1, KHAN Sajid1
Center for Underground Nuclear and Particle Astrophysics, Institute for Basic Science. 1Department of Physics, Kyungpook
Natinal University.
<!--[if !supportEmptyParas]--> <!--[endif]-->
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DF-01( )

Design and construction of a 10 mK/15.5 T SPM System

SUH Hwansoo, JEON Insu, KWON Hyeokshin, KIM Hyo Won, KO Wonhee, OH Youngtek, KU JiYeon, HWANG Sung Woo
Samsung Advanced Institute of Technology.
Scanning probe microscopy (SPM) is one of the most versatile surface analysis and manipulation tools with atomic resolutions
in real space. Scanning tunneling spectroscopy (STS) offers another dimension to the resolution of the SPM, the energy
resolution of an electron tunneling spectrum. Energy resolution is limited by the temperature of the microscope with thermal
broadening. In order to obtain a higher energy resolution, we use a dilution refrigerator (DR) to cool the microscope down to ~
10 mK, which corresponds to an energy scale of a few µeV. Significant level of vibration from 1-K pots has been one of the
biggest hurdles in running an SPM inside a DR. We use a custom-built DR compatible with ultrahigh vacuum (UHV). The DR
is equipped with dual condensation methods: one using a 1-K pot as in conventional dilution refrigerators and the other using a
Joule-Thomson module with counter-flow heat exchanger [1, 2]. With the low-noise UHV dilution unit, we achieve the base
temperature of the microscope as low as 7.7 mK while maintaining the vibration low enough to enable stable SPM
measurements.Current progress of ultralow temperature SPM will be discussed.

DF-02*

Oxidation study of Pt3Ni (111) with Ambient Pressure XPS
1,

1, HIROSHI Kondoh2, RYO Toyoshima2, TORU Shimada3, MAO Baohua4, LIU Zhi4,
,
,
5, LI Weixue6
,
. 1
,
. 2Keio University. 3Hirosaki University. 4Advanced Light
5
6
Source.
,
. Dalian Institute of Chemical Physics.
In the community of fuel cell electrochemistry, Pt3Ni(111) alloy surface has been well known for the best catalytic surface of
oxygen reduction reaction in cathode. Many studies on the surface identified the modified surface structure, i.e. the formation of
Pt-skin surface, and its altered electronic structure as the origin of the enhanced chemical reactivity. [1,2] However, the practical
applications of the alloy surface to the real catalytic system have not been fully realized due to unstable surface structures under
elevated temperature and pressure conditions.
In order to observe how the surface of Pt3Ni (111) alloy reacts to oxygen molecules under realistic condition, the ambient
pressure x-ray photoemission spectroscopy is utilized, which can provide the surface chemical information under elevated
pressure condition. As oxygen gas pressure is increased up to 100mTorr at room temperature, only chemisorbed oxygen species
are present and Pt-skin structure remains on surface. However, as the temperature is increased up to 200 oC under the elevated
oxygen pressure conditions, the adsorbed oxygen atoms on the Pt-skin surface start to interact with the subsurface Ni atoms,
resulting in pulling the Ni atoms to surface and forming the surface oxide, i.e. a surface segregation.
[1] Science 315, 493 (2007)
[2] Advanced Energy Materials, DOI: 10.1002/aenm.201300166 (2013)
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DF-03*

Charge Modulation and Electronic Structure of IrTe2 at Low Temperature

KIM Hyo Sung, KIM Tae-Hwan, YANG Junjie1, CHEONG SangWook2, YEOM Han Woong
Center for Artificial Low Dimensional Electronic Systems, IBS and
Department of Physics, POSTECH. 1Laboratory for Pohang Emergent
Materials, POSTECH and Department of Physics, POSTECH. 2Rutgers
Center for Emergent Materials and Department of Physics and
Astronomy and Laboratory for Pohang Emergent Materials, POSTECH
and Department of Physics, POSTECH.
We investigated atomic and electronic structures of IrTe2, which shows
intriguing phase transitions and was suggested as a parent material of a non-trivial superconductor at low temperature. We
found two competing superstructures (stripe and hexagonal phases) on Te-terminate surfaces using low-temperature scanning
tunneling microscopy and spectroscopy. The stripe phase is consistent with previous X-ray studies and results from a charge
modulation consisting of ×3 and ×5 substructures. The both stripe and hexagonal phases are electronically identical and show
metallic behavior around the Fermi energy. The findings give us the clue to the phase transition mechanism reported recently.

DF-04
,

,

,

1

. 1
.
We study the effect of local order of liquid on the interfacial free energy, i.e., nucleation barrier, which is an important topic to
understand supercooling phenomenon of liquids, crystal growth and morphology, (nano)crystallization, and glass formation.
The microscopic origin of the interfacial free energy is an ordering of atoms or molecules near liquid-crystal surface in the
liquid, called neg-entropic ordering, pointed by Turnbull. Therefore, the interfacial free energy arises from different
configurational entropy between the crystal and liquid. In present study, the relation of the local order of liquids and the crystalliquid interfacial free energy will be shown. The interfacial free energy of elements and alloys is estimated using a containerless
technique, electrostatic levitation, based on the classical nucleation theory. Elemental metallic liquids show high interfacial free
energy, causing deep supercooling, but alloy liquids show smaller interfacial energy for quasicrystals, reflecting the structural
similarity between the liquid and crystal. The results will be discussed with structural study by experiments and MD simulation.
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DF-05( )
PHARK Soo-hyon, FISCHER Jeison A., CORBETTA Marco, SANDER
Dirk, KIRSCHNER Jurgen
Max-Planck-Institut fur Mikrostrukturphysik.
The spin-dependent electronic structure[1] and magnetization reversal[2]
of individual nanostructures have been successfully characterized by spinpolarized scanning tunneling microscopy and spectroscopy (SP-STM/S).
In this talk, we present an application of SP-STM/S for a quantitative
characterization of the magnetic properties of the tips[3] and for the investigation of the spin-dependent electronic structure in
bilayer Fe nanoislands. We observe a superparamagnetic response of Fe-coated W tips. A quantitative analysis of field- and
temperature-dependent differential conductance dI/dV data measured on bilayer Co islands on Cu(111)[1,2], in the framework
of superparamagnetism, suggests that a magnetically isolated Fe nano-apex of a few hundreds Fe atoms determines the magnetic
response of the tip.[3] We also present an SP-STM/S observation of a stripe-type magnetic structure, with a period of 1.28 nm,
in bilayer Fe islands on Cu(111), where the second layer Fe atoms positioned at bridge sites of the underlying first Fe layer[4].
Our detailed analysis of the field-dependent stripe constrast with the magnetic characterization of the tip clearly indicates that a
non-collinear spin-ordering is responsible for the stripe pattern. The electronic origin of this spin-state is discussed.
[1] H. Oka et al., Science 327, 843 (2010). [2] S. Ouazi et al., Phys. Rev. Lett. 108, 107206 (2012). [3] S. Phark et al., Appl.
Phys. Lett. 103, 032407 (2013). [4] A. Biedermann et al., Phys. Rev. B 73, 165418 (2006).

DF-06

Spectroscopic Examinations of the In/Si(111)-2x2 Structural Model: Density-Functional

Calculations

KANG Myung Ho, KWON Se Gab
,
.
We have studied the core-level shifts of the In/Si(111)-2x2 surface by
using DFT calculations. Although the 2x2 surface is important in
understanding the complex phase development appearing in the
submonolayer In coverages (0.33 ML ~ 2 ML), its accurate In coverage
and detailed atomic structure have long been debated. We recently
proposed a structural model with 1 ML In coverage based on the
energetics and STM calculations [1]. In the present study, we examine the
proposed model spectroscopically. Our calculations show that the model
well reproduces In 4d and Si 2p core-level shifts reported in a previous experimental study [2] (see the figure below). In
addition, our band structure calculation shows that the 2x2 surface is a semiconductor with a band gap of 1 eV. [1] Se Gab
Kwon and Myung Ho Kang, Korean Physical Society Meeting (Fall, 2012).[2] S. W. Cho, K. Nakamura, H. Koh, W. H. Choi,
C. N. Whang, and H. W. Yeom, Phys. Rev. B 67, 035414 (2003).

3

DF-07

XES and XAS Studies of Chemical Bonding and Reaction at Surfaces

CHO Sang Wan, OGASAWARA Hirohito1, KAYA Sarp1, FRIEBEL Daniel1, NILSSON Anders1
Yonsei University, Physics. 1SLAC National Accelerator Laboratory.
There are two fundamental effects in modification of the electronic structure of a metal surface in a bimetallic catalyst system.
Using x-ray spectroscopies at SSRL, we studied model Au-Zn metal alloy catalysts for CO2 reduction reaction. We investigated
CO adsorption on a clean Au(211) and Au-Zn alloy using temperature-programmed desorption (TPD) and X-ray photoelectron
spectroscopy (XPS). The results show the oxygen atoms of CO bond Zn atoms on Au-Zn surface. It should be an evidence that
alloying Zn atoms that has high oxygen affinity into an electrocatalyst may allow CHO* to bind to the surface through both the
carbon and oxygen atoms. New possibilities for the study of chemical reactions on surfaces using LCLS will be presented. We
have studied excited-state dynamics of CO on Ru(0001) using x-ray emission spectroscopy resonantly tuned to the oxygen core
level with ultrashort x-ray pulses delivered from LCLS. We can directly study the time evolution of molecular orbital in oxygen
atom specific way on a subpicosecond timescale.
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DF-09( )
,

Supercollision Cooling in Undoped Graphene
.

Carrier mobility in solids is generally limited by electron-impurity or electron-phonon scattering, depending on the most
frequently occuring event. Three-body collisions between carriers and both phonons and impurities are rare; they are denoted as
supercollisions. Elusive in electronic transport they may emerge in relaxation processes as they allow for larger energy transfers.
This is the case in undoped graphene, where the small Fermi surface drastically restricts the allowed phonon energy in ordinary
collisions. Using electrical heating and sensitive noise thermometry we report on supercollision cooling in diffusive monolayer
graphene. At low carrier density and high phonon temperature the Joule power P obeys a P ~ T_e3 law as a function of
electronic temperature T_e. It overrules the linear law expected for ordinary collisions which has recently been observed in
resistivity measurements. These supercollsions are important for applications of graphene in bolometry and photo-detection.

Reference:
Supercollision cooling in undoped graphene, Nature Physics 9, 109 (2013).

DF-10( )

Mesoscopic Relaxation Resistance via Chiral Topological Superconductor

LEE Minchul, CHOI Mahn-Soo1
Department of Applied Physics, Kyung Hee University. 1Department of
Physics, Korea University.
We investigate the mesoscopic relaxation resistance via the Majorana
fermion (MF) edge channel formed around two-dimensional chiral
topological superconductor (SC), which is coupled to a quantum dot (QD)
capacitively driven by an AC voltage. First, the zero-frequency relaxation
resistance, which is known to have a universal value h/2e2 for a single
fermion channel, is found to drop to zero. The vanishing resistance is
attributed to the fact that the MF consists of both particle and hole
excitations with equal amplitudes, which leads to the cancellation of
particle-hole (p-h) pairs responsible for the resistance. On the other hand,
the finite-frequency resistance is found to be highly enhanced over the
universal value, especially when the quantum dot is near resonance, suggesting that the MF can also boost the p-h pair
generation. These exotic behaviors of resistance are distinguished from those due to the normal superconductor or the fermionic
edge channel, which offers an unambiguous method to detect the MF.

5

DF-11( ) Superconductivity and Kondo effects; Andreev bound states in a Kondo-Correlated
Quantum dot

LIM Jong Soo4, LOPEZ Rosa4
. 1
,
. 2
,
. 3
,
. 4IFISC,Spain.
A strongly interacting quantum dot (QD) tunnel-coupled with superconductor is an ideal playground for studying the interplay
between the two prototypes of many body effects in condensed matter physics: Kondo effect and superconductivity. We report
non-equilibrium transport measurement of gate tunable Andreev bound states in a Kondo-correlated nanotube quantum dot
coupled to two superconducting leads. Depending on the ratio kBTKmin/D, where TKmin is the minimum Kondo temperature of
Kondo ridge, and D is the superconducting order parameter, Andreev bound states displays crossing or anti-crossing which are
directly related to the 0-p transition of the Kondo-correlated Josephson junction. Our observation is confirmed by the numerical
renormalization group calculation. [Ref.] Bum-Kyu Kim, et al., Phys. Rev. Lett. 110, 076803 (2013).
,

DF-12

,

,

,

1,

2,

3,

Towards perfect efficient Cooper-pair splitter

LEE Kang-Ho, BELZIG Wolfgang1
Konstanz University, Chonnam National University, Dept. of Physics. 1Konstanz University, Dept. of Physics.

Spatially separated entangled state (Einstein-Podolsky-Rosen pair) is essential to study
nonlocality and to implement quantum information processing. This state can be generated
through crossed Andreev reflection, a transport mechanism, in the Cooper-pair splitter. Other
transport mechanisms such as local Andreev reflection occurred in the Cooper-pair splitter
restrict the efficiency of generating EPR pair. We suggest a scheme in which crossed Andreev
reflection is extremely enhanced and other transport mechanisms are suppressed. In this way,
we achieve perfect efficiency of generating EPR pair with this scheme.

6

DF-13( ) Charge Frustration in a Triangular Triple Quantum Dot
SEO Minky, CHOI Hyungkook1, LEE Soo-Young, KIM Nam2, CHUNG Yunchul, SIM Heung-Sun3, UMANSKY Vladimir1,
MAHALU Diana1
Department of Physics, Pusan National University. 1Braun Center for Submicron Research, Department of Condensed Matter
Physics, Weizmann Institute of Science. 2Korea Research Institute of Standard and Science. 3Department of Physics, Korea
Advanced Institute of Science and Technology.
We experimentally investigate the charge (isospin) frustration induced by a geometrical symmetry in a triangular triple
quantum dot. We observe the ground-state charge configurations of sixfold degeneracy,the manifestation of the frustration. The
frustration results in omnidirectional charge transport, and it isaccompanied by nearby nontrivial triple degenerate states in the
charge stability diagram. The findingsagree with a capacitive interaction model. We also observe unusual transport by the
frustration, whichmight be related to elastic cotunneling and the interference of trajectories through the dot. This
workdemonstrates a unique way of studying geometrical frustration in a controllable way.

DF-14( )

Single Electron Source and Current Standard

BAE Myung-Ho, AHN Ye-Hwan, SEO Minky1, HONG Chang-Ki1, KATAOKA Masaya2, CHUNG Yunchul1, KIM Nam
Korea Research Institute of Standards and Science, Daejeon, Republic of Korea. 1Department of Physics, Pusan University,
Busan 609-735, Rep. of Korea. 2National Physical Laboratory, Hampton Road, Teddington TW11 0LW, UK.
Electrical current, I is a continuous flow of electrical carriers. Quantitatively, a current meter displays 1 A when it receives
~6.24×1018 electrons/sec. In my talk, I will show how to manipulate single electrons to more exactly define current by using a
quantum dot and microwave, so-called “turnstile pump.” As a turnstile allows one person with a ticket to pass at a time, a
quantum dot conveys only one electron per every microwave period. Thus, the turnstile pump generates current corresponding
to I = ef, where e is the elementary charge and f is the microwave frequency. By this way, we pump 9.5×108 electrons/sec at
f=0.95 GHz corresponding to 152.20674 pA with an error rate lower than 1 per 106 electrons (1 ppm). We also propose that our
single electron source can be applied for an on-demand energy-selective single photon source for future quantum cryptography.

7

DF-15( )

Do we understand the Aharonov-Bohm effect?

.
Aharonov-Bohm (AB) effect, known as a milestone in our
understanding of electromagnetic interactions, describes a quantum
interference of a charged particle moving under the influence of a
potential. In sharp contrast with classical theory of electrodynamics, AB
effect qualifies potential as a physical reality, rather than as a mere
mathematical tool, because the interference is affected by a potential even
when a charged particle moves in a field-free region. In this talk, some
fundamental questions are raised concerning this standard point of view.
The primary question is based on the principle of relativity (see the
attached figure). Aharonov-Casher (AC) effect, dual to the AB
phenomenon, shows a phase shift of a fluxon moving around a charge (in
two-dimensional case). It has been shown that AC effect is also free of
force, but standard view draws a clear distinction between the two
phenomena in that the fluxon moves under a nonvanishing field generated by the charge in the case of AC effect. Despite the
fact that the observable phenomena depend only on the relative motion of a charge and a fluxon, the standard viewpoint violates
the principle of relativity, to some extent. This point, together with some other fundamental questions, drives me to develop a
unified scheme of field interaction fully consistent with relativistic invariance (Reference: K. Kang, arXiv:1308.2093).

DF-16( ) Pressuring iron-based superconductors: new finding and phenomena
SUN Liling, ZHONGXIAN Zhao
Institute of Physics, Chinese Academy of Sciences.

Superconducting state has been thought to be determined by the factors of lattice, charge, orbital and
spin degrees of freedom in materials. These factors can be manipulated by control parameters including
pressure, magnetic field and chemical composition. Among these parameters, pressure is a 'clean' way for
tuning the crystal and electronic structures. In this talk, we will present our recent results of high-pressure
studies on iron pnictide and alkaline iron selenide superconductors, which includes the pressure effects on
superconducting transition in the pnictides with different kinds of intercalated layers (single element, oxide
layer and complex layer) between the neighboring FeAs layers, as well as alkaline iron-selenide
superconductors with a unique 245 superlattice structure. Some new findings and phenomena such as
pressure-induced reemergence of superconductivity, quantum criticality, and valence change etc. are
included.

8

DF-17( ) Unconventional magnetism in 3D ferromagnetic CeRu2Ga2B
POSTECH, Physics.
The structure of magnetic domains in a single crystal of CeRu2Ga2B was investigated using low-temperature magnetic force
microscopy (MFM) over a wide range of fields and temperatures. The low Curie temperature (Tc=16 K) allows for extensive
tunability, revealing a rich variety of magnetic states including branched stripes, bubble domains, and finger-like domains. In
addition, we are able to manipulate individual domains with the MFM tip, which suggests that we observe unusual spherical
`bubble' domains (as opposed to cylindrical ones, with round terminations at the surface). Our results clarify the origins and
illustrate the diversity of the domain structures in nearly ferromagnetic compounds.

DF-18( ) Heavy-fermion quantum criticality: Neel vs. Kondo
KI-SEOK Kim
Department of Physics, POSTECH.
Nature of critical fluctuations is a central issue in understanding non-Fermi liquid physics near quantum criticality. Two
competing scenarios have been proposed for heavy-fermion quantum criticality. First, we discuss the role of Kondo fluctuations
in the heavy fermion side, responsible for non-Fermi liquid physics between T^* and T_coh, where T^* is an intermediate
energy scale associated with the change of Fermi surface topology and T_coh is a coherence temperature for Fermi liquid
physics, both suggested from Hall measurements. Second, we discuss the role of Neel fluctuations in the antiferromagnetic side,
seemingly responsible for non-Fermi liquid physics in an intermediate phase between the antiferromagnetic and heavy fermion
phases when Rh is replaced with Ir in YbRh2Si2. In particular, we discuss implication on the nature of the intermediate phase
from thermal transport measurements and address how to reconcile the breakdown of the Kondo effect with Neel fluctuations
for heavy-fermion quantum criticality.

9

DF-19( )

Spin-triplet superconductivity induced by longitudinal ferromagnetic fluctuations in UCoGe

ISHIDA Kenji
Department of Physics, Graduate School of Science, Kyoto University.
We report 59Co nuclear magnetic resonance (NMR) and nuclear quadrupole resonance (NQR) studies on the single crystalline
ferromagnetic (FM) superconductor UCoGe, which exhibits FM ordering at TCurie =2.5 K and superconductivity below TSuper =
0.57 K [1]. We studied the coexistence state from the microscopic point of view, and showed that superconductivity occurs in
the FM region and the both phenomena originate from U 5f electrons [2]. We also studied the spin-dynamic properties from the
measurements of 1/T1 and Knight shift, and found that both static and dynamic susceptibilities are ferromagnetic with strong
Ising anisotropy along the c axis [3]. In addition, from the angle-resolved NMR measurements, we found that the magnetic field
along the c axis (H//c) strongly suppresses both the FM Ising-type fluctuations and superconductivity in the same way [4].
These results strongly suggest that the characteristic FM fluctuations tuned by H//c induce the unique spin-triplet
superconductivity in UCoGe, which is also supported by the recent Knight-shift results [5] . References: [1] N. T. Huy et al.,
Phys. Rev. Lett. 99, 067006 (2007). [2] T. Ohta et al., J. Phys. Soc .Jpn. 79, 023707 (2010). [3] Y. Ihara et al., Phys. Rev. Lett.
105, 206403 (2010). [4] T. Hattori et al. Phys. Rev. Lett. 108, 066403 (2012). [5] T. Hattori et al. Phys. Rev. B 88, 085127
(2013).

DF-20( ) Magnetic spirals and Skyrmions in complex electronic systems
HAN Jung Hoon
Sungkyunkwan University.
The last few years have witnessed a remarkable advance in our ability to identify magnetic materials exhibiting a complex spin
structure known as the Skyrmion crystal. Originally discovered in a three-dimensional chiral magnet MnSi, now the examples
include many two-dimensional forms of chiral magnets, a multiferroic insulator, and even some form of conducting oxides.
With the surface and interface sciences of complex materials heavily under scrutiny, one expects the list of materials exhibiting
Skyrmion phase to only grown. In this talk, I will give a broad review of the recent theoretical progress in the understanding of
Skyrmion dynamics and what may lie ahead in terms of future applications.
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DF-21( ) Experimental realization of novel topological quantum states of matter in the Bi1-xSbx
KIM Heon-Jung
Department of Physics, Daegu University, Korea.
The Bi1-xSbx is a classical system, which has been studied for several decades because of its interesting band structure.
Recently, this system has become an intensive focus of research in the context of three-dimensional (3D) topological insulator
(TI) since the discovery of its non-trivial topological structure for x > 0.07. In this study, we report observations of 3D Weyl
metallic state and the chiral edge mode. For the former observation, we concentrate on a Dirac metallic state at x ~ 0.03, where
a topological phase transition occurs from a band insulator for x < 0.03 to the “3D TI” for x > 0.03. When the external magnetic
field is applied, this state turns into the Weyl semimetallic state with anomalous transport phenomena. For the latter observation,
we design a novel experiment on a relaxation from non-equilibrium generated by a pulsed laser. This relaxation is observed to
be dominated by a single chiral edge mode in the 3D TI region.

DF-22( )

Resonant X-ray Scattering as a Probe for Electronic Structures

2,
2,
3
,
,
,
. 1University College London. 2
. 3
.
Resonant x-ray scattering has been effectively utilized to characterize electronic and magnetic properties of strongly-correlated
electron systems. Spatial sensitivity along with its element-specific nature provides unique capability in analysis of thin films or
interfaces. In this talk, a few examples of its application will be presented.

,

1,
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DF-23( ) Introduction to soft x-ray nanoscopy
,
.
soft x-ray nanoscopy(“microscopy”

)
.

nanoscopy

full field imaging
spectroscopy

nanoscopy
scanning type imaging
nanoscopy
.
,

,
. Contrast

nanometer
nanometer
, full-field transmission x-ray
microscopy (TXM), scanning photoelectron microscopy (SPEM), scanning transmission x-ray microscopy (STXM)
soft x-ray nanoscopy
. (Photoemission electron
microscopy:PEEM, soft x-ray coherent diffraction imaging:CDI
soft x-ray nanoscopy
.)
,
.
TXM, SPEM,
STXM
,
.

DF-24( )

Spin-induced modification of Dirac band on Fe-intercalated graphene system

1,
2,
,
,
,
,
,
,
,
Department of Physics, POSTECH. 1Beamline Research Division, Pohang Accelerator Laboratory. 2Department of Chemistry,
POSTECH.
Intercalation of magnetic iron atoms through graphene formed on the SiC(0001) surface is found to induce significant changes
in electronic properties of graphene due mainly to the Fe-induced asymmetries in charge as well as spin distribution. From our
synchrotron-based photoelectron spectroscopy data together with ab initio calculations, we observe that the Fe-induced charge
asymmetry results in the formation of a quasi-free-standing bilayer graphene while the spin asymmetry drives multiple spin-split
bands. We find that Fe adatoms are best intercalated upon annealing at 600 ℃ exhibiting split linear π-bands, characteristic of a
bilayer graphene, but much diffused. Subsequent changes in the C 1s, Si 2p, and Fe 3p core levels are consistently described in
terms of Fe-intercalation. Our calculations together with a spin-dependent tight binding model ascribe the diffused nature of the
π-bands to the multiple spin-split bands originated from the spin-injected carbon atoms residing only in the lower graphene
layer.
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DF-25( )

X-ray Nanoscopy with Multilayer Laue Lenses

KANG Hyon Chol
Chosun University, Department of Advanced Materials Engineering.
The possibility of imaging at near-atomic resolution using x-rays has been a dream ever since the short-wavelength nature of xrays was demonstrated by von Laue and coworkers nearly a century ago. Even today the scientific impact of atomic-scale
focusing of electromagnetic radiation would be deep and broad, because x-ray microscopy provides capabilities (ability to
penetrate, sensitive and accurate elemental and structural information) that are complementary to other high-resolution
microscopies. Although hard x-rays can in principle be focused to spot sizes on the order of their wavelength (0.1 nm), this limit
has never been approached because of the difficulty in fabricating the optics.
Multilayer Laue lens(MLL) is a novel diffractive optic for hard x-ray nano-focusing, which can be fabricated by sputter
deposition of zone plate structure on flat substrate. According to the theoretical results, MLL is capable of focusing x-rays to
well below 1 nm. We have demonstrated 2-dimensional focusing of hard x-rays with MLLs to a spot size of 25 nm x 27 nm
with an efficiency of 2% at a photon energy of 12 keV, while 1-dimensional focus of 16 nm has been achieved. In this talk, an
overview of MLL microscopy and recent accomplishments for the determination of chemical composition in nanoscale systems
will be presented. Lastly, we will give the capabilities of MLL microscopy that have the potential to significantly advance
materials science, nanoscience, bio-medical science and environmental science.

DF-26( )

Coherent X-ray Diffraction Imaging of Core-Shell Strain Structure in Zeolite Crystals

1,
2,
5, XIONG Gang6,
,
,
, TUNG CAO THANH Pham3, HARDER Ross4,
7, MCNULTY Ian4,
5,
3, ROBINSON Ian6
1
.
. 2
. 3
4
5
6
7
. Argonne National Laboratory.
. Univ. College London.
.
We have measured deformation field distributions in zeolite microcrystals by coherent x-ray diffraction imaging. Coherent xray diffraction patterns were collected around (200) and (020) Bragg peaks of ZSM-5 crystals depending on calcination
conditions as a function of temperature. The crystals calcined at 550°C show expected diffraction patterns from the orientation
and the shape of ZSM-5 throughout all the temperature whereas distinct distorted patterns were observed at 200°C from the
samples calcined at 450°C. By phase retrieval process, unusual displacement distributions were obtained from the deformed
patterns on ZSM-5 calcined at 450°C even for 12 hours whereas relatively uniform distribution appeared from the crystals
calcined at 550°C for only 3 hours. Our observation was demonstrated by finite element analysis with core-shell structure
modeled with the core containing organic residues and the shell composed of pure ZSM-5. It is based on the evidence of
existence and distribution of residual organics and different thermal expansion behaviors of ZSM-5 with/without them.
Maximum displacement of about 0.3 nm in our measurements shows the resolution of the entire size of crystals being
approximately 10-4.This work was supported by National Research Foundation of Korea (2007-0053982, 2011-0012251, and
2008-0062606, CELA-NCRC), and Sogang University Research Grant (2012).
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DF-27( )

Coherent Diffraction Imaging of Nanocrystal

KIM Sangsoo, KIM Chan, KIM Yoonhee, SONG Changyong1, NOH Doyoung
. 1SACLA, RIKEN Harima.

DF-28*

Enhancement of retrieved image quality with the aid of reference particles by using
coherent x-ray diffraction microscope
KIM Chan, KIM Yoonhee, KIM Sunam1, MARATHE Shashidhara2, KANG Hyon Chol3, LIANG Keng San4, TSUEI KuDing4, HWU Yeukuang5, LEE T. K.5, NOH Do Young
Department of Physics and Photon Science & School of Materials Science and Engineering, Gwangju Institute of Science and
Technology. 1Pohang Accelerator Laboratory. 2X-ray Science Division, Argonne National Laboratory. 3Department of
Advanced Materials Engineering, Chosun University. 4National Synchrotron Radiation Research Center. 5Institute of Physics,
Academia Sinica.
We report enhancement of the diffraction signal and retrieved image quality of the weak phase object when there exist reference
particles near them. Both computer simulation and coherent x-ray diffraction imaging experiment (12XU beamline at SPring-8)
have been performed. In the simulation, we confirmed that the signal to noise ratio (SNR) of the diffraction intensity and the
retrieved image quality were much enhanced. From the experiment, we clearly retrieved about 10 nm nano particles whose size
is smaller than our pixel resolution and about 30 nm/100 nm core/shell structures which were generated by the Kirkendall effect.
We expect a use of reference particles will enlarge the coherent diffraction imaging field to nanometer sized structures as well
as biological specimens.
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DF-29

First Implementation Of X-Ray Photon Correlation Spectroscopy To Polymers With X-Ray
Free Electron Laser
CARNIS Jerome

.
We present for the first time experimental results of X-Ray Photon Correlation Spectroscopy in an X-Ray Free Electron Laser.
The experiment was conducted at XCS instrument in Linac Coherent Light Source, USA. We studied the alpha-relaxation of a
gold nanoparticles grafted polystyrene sample illuminated by 8.7keV radiation at different temperatures. Experimentally
measured relaxation times show a typical q-1 dependence on the wave vector transfer along with a stretching exponent larger
than 1, suggesting that the sample undergoes aging. Various data analyses including two times correlations tend to confirm this
assumption. Our results show that an experimental window does exist for XPCS study of low scattering systems in 4th
generation X-Ray sources, which is a capital result given the amount of concern about sample damage in such facilities. We will
also discuss quantitatively the sample heating induced by X-ray pulses.

DF-30*

Three dimensional visualization of mammalian mitochondrion with coherent x-rays from
synchrotrons and femtosecond x-ray lasers
KIM Yoonhee, KIM Chan, KIM Sang Soo, KIM Sunam1, NAM Daewoong2, GALLAGHER-JONES Marcus3, SONG
Changyong3, NOH Do Young
Department of Physics and Photon Science & School of Materials Science and Engineering, GIST. 1Pohang Accelerator
Laboratory. 2Department of Physics, POSTECH. 3RIKEN Harima Institute.
In this research, mammalian mitochondria are visualized by using intense x-ray sources namely synchrotron x-rays and x-ray
free-electron lasers (XFEL). They are isolated from NIH3T3 cells (mouse embryonic fibroblasts) by density-gradient
centrifugation and then visualized 3-dimensionally by coherent diffractive imaging (CDI), which is conducted at SPring-8 (the
3rd generation synchrotron) and SACLA (XFEL). The result provides us information about internal structure of mitochondrion
composed of infoldings, which has a key role in internal respiration of members of Kingdom Animalia.
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DF-31( ) First-principles studies of surface magnetism
HONG Soon Cheol, YUN Won Seok, ODKHUU Dorj, KWON Oryong, TAIVANSAIKHAN Purev, JEKAL Soyoung
Department of Physics and EHSRC, University of Ulsan.
We are going to review surface magnetism studied by first-principles calculations, emphasizing 4d/5d magnetism; (i) significant
enhancement of perpendicular magnetocrystalline anisotropy (MCA) of an Fe(001) surface capped by 4d and 5d transition metal
(TM) monolayers (MLs), (ii) effects of Pt as a substrate or/and a capping layer on the magnetism and MCA of 3d TM (TM=Cr,
Mn, Fe, or Co) MLs, (iii) roles of Pt and Ir on a tremendous change in both the sign and magnitude of magnetostriction in
Fe3Pt1-xIrx (x=0~1.0), and (iv) large perpendicular MCA in Ru driven by tetragonal distortion.

DF-32( )
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DF-33( ) Surface Reconstructions and Equilibrium Nanocrystal Shapes of GaN
KIM Yong-Sung, LEE Woo-Jin1, HYUN Jung-Min2, KIM Hanchul2
Korea Research Institute of Standards and Science. 1Samsung Advanced Institute of Technology. 2Sookmyung Women’s
University.
The surface reconstructions of GaN are investigated by using density-functional theory calculations. The nonpolar (10-10) and
(11-20) surfaces do not undergo reconstructions. The Ga-polar (0001) surface has the (2x2) N-adatom (H3), (2x2) Ga-adatom
(T4), and (2x2) Ga-bilayer surface reconstructions depending on the stoichiometry. The N-polar (000-1) surface has the (2x2)
Ga-adatom (H3), (1x1) Ga-adlayer surface reconstructions depending on the stoichiometry. For the Ga-semipolar (10-11)
surface, the (4x2) Ga-tetramer with 4 Ga(2) vacancies, (2x2) Ga(2) vacancy, (2x1) Ga-adlayer 0.25 monolayer, and (1x1) Gaadlayer 1.5 monolayer structures are found. For the N-semipolar (10-1-1) surface, the (4x2) dimer-vacancy, (2x1) N(2) vacancy,
and (1x1) Ga adlayer structures are newly found. Based on the calculated absolute surface energies, we construct the
equilibrium nanocystal shapes of GaN by using the Wulff construction method.

DF-34

Decay patterns of localized states at reconstructed armchair graphene edges

KIM Gunn, PARK Changwon1, IHM Jisoon1
Department of Physics, Sejong University. 1Department of Physics, Seoul
National University.
Ab initio calculations are carried out to investigate the electronic
structures of localized states at reconstructed armchair graphene
edges. For graphene nanoribbons with two different edge types, we obtain
the energy band structures and charge densities of the edge states. By
examining the imaginary part of the wave vector in the forbidden energy,
we reveal the decay behavior of the wave functions in graphene. The
complex band structures of graphene in the armchair and zigzag
directions are presented in both tight-binding and first-principles
frameworks.
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DF-35( ) Origin of Insulating Ground State of In/Si(111) and Sn/Ge(111)
,
.
The precise driving force of the phase transition in indium nanowires on the Si(111) surface has been controversial whether it is
driven by a Peierls instability [1] or by a simple energy lowering due to a periodic lattice distortion [2]. The present van der
Waals (vdW) corrected hybrid density functional theory (DFT) calculation predicts that the low-temperature 8x2 structure
whose building blocks are indium hexagons is energetically favored over the room-temperature 4x1 structure [3]. We show that
the correction of self-interaction error and the inclusion of vdW interactions play crucial roles in describing the covalent
bonding, band-gap opening, and energetics of hexagon structures. The results manifest that the formation of hexagons occurs by
a simple energy lowering due to the lattice distortion, not by a charge density wave formation arising from Fermi surface
nesting. We have performed the semilocal and hybrid density-functional theory (DFT) studies of the Sn/Ge(111) surface to
identify the origin of the observed insulating √3 x√3 phase below ~30 K. Contrasting with the semilocal DFT calculation
predicting a metallic 3 x 3 ground state, the hybrid DFT calculation including van der Waals interactions shows that the
insulating ferrimagnetic structure with √3 x√3 structural symmetry is energetically favored over the metallic 3 x 3 structure. It is
revealed that the correction of self-interaction error with a hybrid exchange-correlation functional gives rise to a band-gap
opening induced by a ferrimagnetic order. The results show that the observed insulating phase is attributed to the Slater
mechanism via itinerant magnetic order rather than the hitherto accepted Mott-Hubbard mechanism via electron correlations
[4]. [1] H. W. Yeom et al. Phys. Rev. Lett. 82, 4898 (1999). [2] J.-H. Cho, D. H. Oh, K. S. Kim, and L. Kleinman, Phys. Rev. B
64, 235302 (2001). [3] H.-J Kim and J.-H. Cho, Phys. Rev. Lett. 110, 116801 (2013). [4] J.-H. Lee, H.-J Kim and J.-H. Cho,
Phys. Rev. Lett. 111, 106403 (2013).

DF-36( ) Room-Temperature Atomic Structure and Lattice Instability of In Nanowires on the Si(111)
Surface
KIM Hanchul, CHANG Yun Hee1, LEE Geunseop2
Sookmyung Women's University, Department of Physics. 1Korea Advanced Institute of Science and Technology, Graduate
School of Nanoscience and Technology. 2Inha University, Department of Physics.
Indium chains self-assembled on Si(111) exhibit both temperature- and defect-induced period-doubling (x2) structural
transitions. In this study, density functional perturbation theory calculations were employed to examine the vibrational
properties of the room-temperature Si(111)In-4x1 structure. The resulting phonon band structure revealed lattice instability
associated with two unstable modes at the zone-boundary in the chain direction. This suggests that the room-temperature phase
is a dynamically fluctuating 4x2 phase with "parallel trimers" as the structural ingredients. The defect-induced x2 structure is
then a frozen 4x2 phase due to the suppressed fluctuation. H.K. acknowledges the support of the Mid-career Researcher
Program (No. 2008-0059595) and EDISON program (No. 2012M3C1A6035304) through NRF, and the Strategic
Supercomputing Support Program from the Korea Institute of Science and Technology Information (No. KSC-2008-S02-0010).
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DF-37( ) Electronic Structure, Superconductivity, and Ferromagnetism in Nickelate Superlattices
HAN Myung Joon
KAIST, Department of Physics.
In this talk, I will present our calculation results on two different nickelate superlattices; LaNiO3/LaAlO3 (or its variant) and
LaNiO3/LaMnO3. For the former, possible superconductivity has been actively debated [1]. I will discuss the remaning issues
with some of our recent results [2-4]. For the latter, recent experiments report the ferromagnetism and exchange bias while the
origin of them still remains unclear. Our first-principles calculation provides a clear understanding of this phenomenon
[5]. Reference:1. M. J. Han et al., Phys. Rev. Lett. 107, 206804 (2011)2. H. -S. Kim and M. J. Han, arxiv:1306.0713 (submitted)
3. H. -S. Kim and M. J. Han (unpublished)4. M. J. Han and T. Kotani (in preparation)5. A. T. Lee and M. J. Han, Phys. Rev. B
88, 035126 (2013)

DF-38( ) Direct Observation of Asymmetric Domain Wall Motion in A Ferroelectric Capacitor using
In-situ TEM
,

,
,

,

1,

,
.

1

2,

,

3

.

2

. 3Oak Ridge National Laboratory.

We report in-situ transmission electron microscopy observations of the 180q polarization switching
process of a PbZr0.2Ti 0.8O3 (PZT) capacitor. The preferential, but asymmetric, nucleation and forward
growth of switched c-domains were observed at the PZT/electrode interfaces, arising due to the built-in
electric field induced at each interface. The subsequent sideways growth of the switched domains was
inhibited by the depolarization field due to the imperfect charge compensation at the counter-electrode and
also at the boundaries with preexisting a-domains, which contributed further to the asymmetric switching
behavior. It was found that the preexisting a-domains split into fine a- and c-domains constituting a 90q
stripe domain pattern during the 180q polarization switching process, revealing that these domains also
actively participated in the out-of-plane polarization switching. The real-time observations uncovered the
origin of the switching asymmetry and further clarified the importance of charged domain walls and the
interfaces with electrodes in the ferroelectric switching processes.
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DF-39( ) Reversible redox reaction in epitaxial strontium cobaltites
CHOI Woo Seok
Department of Physics, Sungkyunkwan University.
Strontium cobalt oxide (SrCoOx, SCO) has a rich phase diagram depending on the oxygen content (x). The valence state of the
multivalent Co changes with the modification of x, and mainly governs the material’s electronic, magnetic and optical
properties. The redox reaction and the resultant changes in the physical properties are essential ingredient in applications such as
solid oxide fuel cells, gas sensors, and many other devices that exploits ionic (or oxygen) transport property as their key
function. We studied lattice structures, optical properties, and electronic structures of SCO epitaxial thin films using real-time
optical spectroscopy complemented by first principles calculation. In particular, brownmillerite SrCoO2.5 (BM-SCO) and
perovskite SrCoO3 (PV-SCO) thin films have been studied, where they have distinct crystal structures and valence states. BM-

SCO has a one-dimensional oxygen vacancy ordered structure with a common Co3+ valence state. On the other hand, PV-SCO
has a typical perovskite structure. Both experimental and theoretical results coincided that these two films have drastically
different electronic ground states as well. Despite such large discrepancy in the physical properties, however, we found that a
topotactic transformation between two structurally distinct phases could be readily achieved in high quality epitaxial thin films.
The temperature dependent, ambient controlled real-time ellipsometry conspicuously showed that these two topotactic phases
could be reversibly obtained at relatively low temperatures. Our study suggests that the electronic structure of SCO can be
switched reversibly through oxygen insertion and extraction, simultaneously with the crystal structure and Co valence state.
Thus, it provides a valuable insight in studying the link between the fundamental physical properties and its technological
applications of transition metal oxide epitaxial thin films.

DF-40

Dimensionality Control of Orbital Population in Oxide Superlattice

JEONG Da Woon, CHOI Woo Seok1, OKAMOTO Satoshi2, KIM J. -Y.3, KIM K. W.4, MOON S. J.5, CHO D. -Y., LEE H.
N.2, NOH T. W.
IBS-Center for Correlated Electron Systems, Seoul National University. 1Sungkyunkwan University. 2Oak Ridge National
Laboratory. 3Pohang Accelarator Laboratory. 4Chungbuk National University. 5Hanyang University.

Manipulating orbital and spin configurations in transition metal oxides (TMOs) is one of the most efficient
way for tailoring various useful physical properties. In particular, epitaxial oxide heterostructures with
characteristic interface designs offer an intriguing playground for unprecedented control of orbital degree of
freedom. Here, we present a novel way to control the d-orbital occupation by manipulating the many-body
ground state in the nanoscale TMO superlattices (SLs). We used LaCoO3 SLs, in which there emerges a
delicate competition between the many-body spin-orbital states of low spin (t2g6; S = 0) and high spin (t2g4eg2;
S = 2) configurations. By modifying the dimension through epitaxial heterostructuring with LaAlO3,
disproportionation in the competing LS and HS ground states could be imposed in LaCoO3, and hence, a
drastic modification of orbital occupation was achieved. Moreover, the change in the orbital occupancy
resulted in the change in the spin state of the SLs. This new controllability of orbital occupation manifests
that the dimensionality is one of the finest tuning parameters for orbital degree of freedom in transition metal
oxides.
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DF-41( ) Absence of Aharonov-Bohm Effect of Chiral Majorana Fermion Edge States
, JOEL MOORE 1,
. 1UC Berkeley.
Majorana fermions in a superconductor hybrid system are charge neutral zero-energy states. For the detection of this unique
feature, we propose an interferometry of a chiral Majorana edge channel, formed along the interface between a superconductor
and a topological insulator under an external magnetic field. The superconductor is of a ring shape and has a Josephson junction
that allows the Majorana state to enclose continuously tunable magnetic flux. Zero-bias differential electron conductance
between the Majorana state and a normal lead is found to be independent of the flux at zero temperature, manifesting the
Majorana feature of a charge neutral zero-energy state. In contrast, the same setup on graphene has no Majorana state and shows
Aharonov-Bohm effects.

DF-42( )
,

Graphene Barristors using 2-Dimensional Materials
,

,

,

,
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,

,

.

Graphene has been attracting many intentions for a post-Si material due to its high mobility. Last year new device structures
have been proposed to solve the issue: graphene barristor [1] and graphene tunneling transistor [2]. Both structures have hetero
junction between graphene and semiconductor or insulator. In this talk, reviewed will be the research on graphene barristor or
tunneling transistor towards logic applications, and suggested will be the new barristor using a new tunneling mechanism.
[1] H. Yang, J. Heo, S. Science, 336, 1140-1143 (2012)
[2] L. Britnell, R. V. Gorbachev, R. Jalil, et al., Science, 335, 947-950 (2012)
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DF-43( )

Monolayer Homojunction Thermoelectric Conversion in Two-Dimensional Bismuth

Tellurides

SUNG Ji Ho, HEO Hoseok, LIM Myungsoo1, HWANG Inchan2, LEE Donghun3, KANG Kibum1, JHI Hoon1, JO Moon-Ho4
Center for Artificial Low Dimensional Electronic Systems, Institute for Basic Science (IBS), Division of Advanced Materials
Science. 1Department of Physics, Pohang University of Science and Technology (POSTECH), 77 Cheongam-Ro, Pohang 790784, Korea. 2Center for Artificial Low Dimensional Electronic Systems, Institute for Basic Science (IBS), Department of
Materials Science and Engineering. 3Center for Artificial Low Dimensional Electronic Systems. 4Center for Artificial Low
Dimensional Electronic Systems, Institute for Basic Science (IBS), Department of Materials Science and Engineering.
Electronic structures of bismuth telluride, the highest thermoelectric figure of merit at room temperature, are substantially
modified by electronic confinements and strong correlations in the few-monolayers thickness regime. Here, by local optical
probes, we show direct evidence that efficient thermoelectric current generation is available at the few-monolayers thick
bismuth telluride by hot electrons motions through two-dimensional subbands and topologically protected surface states. Our
study offers a challenging opportunity to investigate the fundamental photoresponse of topological quantum states, and provides
a new design rule for the highly efficient thermoelectric circuitry. *E-mail: mhjo@postech.ac.kr

DF-44

Boundary Dependent Edge States Of 2D Topological Insulator In Kane-Mele Model

DOH Hyeonjin, CHOI Hyoung Joon, JEON Gun Sang1
Center for Computational Studies of Advanced Electronic Material Properties, Yonsei University. 1Dept. of Physics, Ewha
Womans University.
We investigate the edge state of the two dimensional topological insulator with Kane-Mele model. We derived the
analytic coupled equations for the energy and the wave function of the edge state in the semi-infinite honeycomb
lattice, which is free of the size effects of the system. Therefore, we can define the width of the edge state to denote
how the wave function is tightly bounded near the boundary. The width depends on the momentum of the edge
state, the various parameters, and especially the type of boundary. Here we consider the two types of boundaries of
honeycomb lattice which are zigzag and armchair boundaries. The edge states of the two boundaries show different
dependencies on the momentum and the parameters. For example, the larger spin-orbit coupling makes the edge
state wave function more localized at the armchair boundary, while it made the wave function broader at the zigzag
boundary. The Fermi velocity of the edge state is sensitive to the spin orbit coupling at the zigzag boundary,
although it is insensitive at the armchair boundary. These details of the edge state can be critical when we consider
a small devices comparable to the width of the edge state. We also discuss briefly the system with the composite
boundaries of the two types.
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DF-45( ) Quantum State Manipulation, Measurement, and Spectroscopy of a Supercondting Qubit
CHONG Yonuk
Korea Research Institute of Standards and Science.
Recent dramatic advances in superconducting qubit technology made it as the promising candidate in realizing a scalable
quantum computer. In addition, because the superconducting qubit is in fact an artificial atom made of a Josephson junction
circuit, it also serves as a versatile tool for studying fundamental quantum effects, by re-producing quantum measurements
performed in atomic systems during past several decades. In this talk, I will briefly review recent rapid developments in
superconducting qubit research. And then I will introduce our recent experimental results in our superconducting qubit system,
which will include basic properties such as Rabi oscillation and Ramsey fringe measurements, and several further examples of
interesting quantum state manipulation, measurement and spectroscopy in circuit QED structure.

DF-46( ) Gate-tuned Supercurrent Switching and Access to Quantum States in Graphene p-n
Junctions
CHOI Jae-Hyun, LEE Gil-Ho, PARK Sunghun1, JEONG Dongchan, LEE Jeong-O2, SIM H.-S.1, DOH Yong-Joo3, LEE HuJong
Dept. of Physics, POSTECH, Korea. 1Dept. of Physics, KAIST, Korea. 2NanoBio Fusion Research Center, KRICT,
Korea. 3Dept. of Display and Semiconductor Physics, Korea University Sejong Campus, Korea.
A graphene layer attached to two closely spaced superconducting electrodes forms a Josephson junction (JJ), in which the
supercurrent flows through graphene via electron or hole pairs [1]. Macroscopic quantum tunnelling (MQT) and energy level
quantization have been observed in a JJ of graphene (JJG) [2], providing essential components for quantum-state engineering.
Complete gate control of the supercurrent in a JJG, however, has not yet been achieved. In this study, we show quantumcoherent transport in a bipolar JJG, where a p-n junction of graphene is formed by dual operation of top and bottom gates [3].
We observe that the supercurrent is completely switched off by only the electrostatic gate control even with finite conductivity
of the junction. The complete OFF state originates from the spatially random pseudomagnetic field generated by ripples, the
unique microscopic corrugations associated with strains in graphene. This new mechanism of supercurrent dephasing is in
marked constrast to supercurrent suppression by reduced carrier density typical in other hybrid JJs of nanomaterials. The
crossover of the dephasing processes in bipolar JJGs from MQT to the classical regime is also fully tuned by the gates, which
demonstrates a novel route to manipulate the macroscopic quantum states. Our study would pave the way for development of a
superconducting quantum bit (qubit) based on graphene technology.[1] H. B. Heersche et al., Nature 446, 56 (2007); D. Jeong et
al., Phys. Rev. B 83, 094503 (2011).[2] G.-H. Lee et al., Phys. Rev. Lett. 107, 146605 (2011).[3] J.-H. Choi et al., Nat.
Commun. 4:2525 DOI:10.1038/ncomms 3525 (2013).
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DF-47( )

Shadow gap in the over-doped (Ba1−x Kx)Fe2As2 compound

(BANG)

(Yunkyu)
.
The electron band around M point in (Ba1−x Kx)Fe2As2 compound – completely lifted up above the Fermi level for x > 0.7
and hence has no Fermi Surface (FS) – can still form an isotropic s-wave gap (e) and continues to work as the main pairing
resource generating an s-wave gap (h1) with an opposite sign, via interband repulsive interaction, on the main hole pocket (h1)
aound Gamma point. The electron band developing the superconducting order parameter (OP) \Delta_e but having no FS
displays a shadow gap feature which will be easily detected by various experimental probes such as angle-resolved
photoemission spectroscopy (ARPES) and tunneling measurements. Finally, the formation of the nodal gap \Delta_{nodal}
with A1g symmetry on the other hole pocket (h2) with a larger FS is stabilized due to the balance of the interband repulsive
interactions from the main hole band OP \Delta_h1 = +\Delta and the hidden electron band OP \Delta_e = - \Delta.

DF-48( )

Evidence for a charge collective mode associated with superconductivity in copperoxides

,
.
In superconducting copper oxides some Cu-O bond-stretching phonons around 70meV show anomalous giant softening and
broadening of electronic origin and electronic dispersions have large renormalization kinks near the same energy. These
observations suggest that phonons decay into quasiparticle excitations across the Fermi surface and the electronic dispersion
kinks originate from coupling to anomalous phonons. We measured the phonon anomaly in underdoped (x=0.05) and overdoped
(x=0.2,0.25) La2-xSrxCuO4 by inelastic neutron and x-ray scattering with high resolution. Combining these and previously
published data, we found that doping-dependence of the magnitude of the giant phonon anomaly is very different from that of
the ARPES kink amplitude,i.e. the two phenomena are not connected. We show that the phonon anomaly likely originates from
novel collective charge excitations as opposed to interactions with electron-hole pairs. Their amplitude follows the
superconducting dome so these charge modes may be important for superconductivity.
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DF-49( ) Mode Coupling between the Nonpolar K3 and Polar Phonons as the Ferroelectricity Origin
of Multiferroic h-LuMnO3
,
.
LuMnO3 is expected to show the highest stability towards the hexagonal phase among 15 different lanthanide-based
manganites. Currently, the most puzzling problem associated with the hexagonal LuMnO3 (h-LMO) is the observed large
temperature-gap between the structural phase transition to the polar P63cm phase at ~1290 K and the emergence of the
spontaneous polarization at a substantially reduced temperature, ~750 K. This anomalous temperature-gap has also been
observed in h-YMnO3, the most extensively studied hexagonal manganite. To resolve this puzzling issue, we have carried out
density-functional theory calculations and found that the structural phase transition to the polar P63cm phase from the nonpolar
P63/mmc phase is mediated by the freezing-in of the zone-boundary K3 phonon in h-LMO. However, the spontaneous
ferroelectric polarization does not appear until the amplitude of K3 phonon becomes a certain critical value above which the
coupling of the polar mode with the nonpolar K3 mode is practically turned on. This mode-coupling-induced polarization, thus,
elucidates the above puzzle.

DF-50( ) Flexoelectric Effects in the Reversal of Self-Polarization of BiFeO3 Thin Films
BU Sang Don, JEON Byung Chul1, LEE Daesu1, LEE Myang Hwan2, YANG Sang Mo1, SONG Tae Kwon2, CHUNG JinSeok3, YOON Jong-Gul4, NOH Tae Won1
Department of Physics, Chonbuk National University. 1Center for Correlated Electron Systems, Institute for Basic Science
(IBS) and Department of Physics and Astronomy, Seoul National University. 2School of Nano and Advanced Materials
Engineering, Changwon National University. 3Department of Physics, Soongsil University. 4Department of Physics, University
of Suwon.

Flexoelectricity is the generation of an electric field by a strain gradient via electro-mechanical coupling.
Although it was first reported in the 1960s, there have been few studies on flexoelectricity in bulk solid
materials. It is because the flexoelectric effects are expected to be quite small in the rigid bulk solids.
Recently, however we demonstrated that the strain gradient in epitaxial oxide thin films could be 6 or 7
orders of magnitude larger than the corresponding bulk values. Generally, a large lattice mismatch can
result in strain relaxation within tens of nanometers at the film-substrate interface in epitaxial films,
inducing a large strain gradient. We observed that the flexoelectric field can reverse the direction of selfpolarization in epitaxial BiFeO3 (BFO) thin films. We also could successfully control the strain evolution
of the BFO films by varying the deposition temperature and the film thickness. We found that the selfpolarization field could produce large variations in the functional properties of the BFO films. Our findings
can be used to tune the functional properties of ferroelectric films by using flexoelectric effects.
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DF-51( ) Emergence of Non-trivial Ferroelectric Domains in h-REMnO3
CHAE Seung Chul, LEE Nara1, HORIBE Yoichi1, CHEONG Sang-Wook1
Center for Correlated Electron System, Institute for Basic Science, Seoul National University. 1Rutgers Center for Emergent
Materials and Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08854, USA.
Recently, the ferroelectric domain pattern of h-REMnO3 (RE=Ho, .., Lu) has attracted attention due to the emergence of nontrivial topological defects, i.e., vortices [1-3]. The interlocking of structural antiphase and ferroelectric domain wall leaving
behind complex orders was attributed to the emergence of non-trivial topological defect. The subsequent investigation on the
vortex domain pattern revealed that the presence of vortex domain is exactly corresponded to the Kibble-Zurek Mechanism
which governs ubiquitously the presence of topological defect observed from astrophysics to the liquid crystal. In this
presentation, the presence of topological vortex will be analyzed with analogy of Kosterlitz-Thouless class [2] and the evolution
of domain pattern will be treated in terms of the interaction of dislocation pairs [3]. [1] S. C. Chae et al, PNAS 107 21366
(2010).[2] S. C. Chae, et al., PRL 108 167603 (2012).[3] S. C. Chae, et al., PRL 110 167601 (2013).

DF-52( )

Enhanced Tunability in Multiferroics

.
Multiferroic materials, in which ferroelectric and magnetic ordering are
simultaneously present, exhibit unprecedented physical properties due to
the coupling between electric and magnetic order parameters. The
significant cross-coupling effects in newly found materials have
invigorated research in multiferroics as they offer a new route toward
fundamental understanding of how spin and lattice degrees of freedom
interact and produce macroscopic phenomena. Furthermore, the
emergence of multiple functional properties in such materials has
stimulated its application in future generations of novel devices in which
polarization can be controlled by a magnetic field or vice versa. Here we
discover giant tunability of ferroelectric polarization in the multiferroic
GdMn2O5 with external magnetic fields. The detailed magnetic model
from x-ray magnetic scattering results indicates that the Gd-Mn
symmetric exchange striction plays a major role in the tunable
ferroelectricity of GdMn2O5. We also have discovered the strong
magnetoelectric (ME) effect in the single chiral magnet of
Ba3NbFe3Si2O14 below the Nèel temperature. The ferroelectric
polarization is opposed under the magnetic field and its magnitude
increases considerably. Our observation in the absence of the typical
electric poling process and the little hysteretic behavior of magnetic-field
dependent electric polarization may be essential for certain technological
applications. These findings provide a new way in achieving enhanced
magnetoelectric functionality.

26

DF-53( )
,

Polarization-mediated Charge Conductions in Nano-ferroelectrics
1,

,

,

2,

1
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,
.
Nanoferronic devices based on multiferroic/ferroelectric thin films and nanostructures have been emerging a next-generation
nanoelectronics, which deal with the interplay between ferroic orders and electronic transport on the nanoscale. Recently,
remarkable charge conductions have been revealed in various multiferroics, demonstrating intriguing interplay between
electronic transport properties and ferroelectric polarization. In this presentation, we report the local charge conductions and
their coupling with ferroelectric polarization in highly ordered ferroelectric BiFeO3 nano-islands array by using conductive
atomic force microscopy and piezoresponse force microscopy. These results suggest that ferroelectric nanostructures as a
potential candidate for ferroelectric–resistive memory elements can provide higher resistive on/off ratio, lower power
consumption and large capacity.

DF-54( )

Direct Imaging of Spatial Charge Separation and Ferroelectric Polarization in Nanoscale
Dielectric/Ferroelectric Nanotubes using Scanning Force Microscopy
SHIN Hyunjung
Department of Energy Science, Sungkyunkwan University, Suwon, Korea.
Dielectric/Ferroelectric nanostructures, mostly one-dimensional nanaotubes(NTs) and tubular nanomaterials, have attracted
much attention because they are possible technical applications of the high-efficient, miniaturized sensors and actuators, energy
harvesters and scavengers, and nonvolatile memory devices. We fabricated 1) ferroelectric PbTiO3(PTO) NTs by reacting
crystalline anatase TiO2 NTs with gas-phase of PbO powder at 400°C and 2) asymmetric nanostructures of Au nanoparticles on
TiO2 NTs. TiO2 NTs served as starting materials were fabricated by template-directed atomic layer deposition (ALD) process
onto porous alumina membranes. The fabricated PTO and anatase TiO2 NTs are crystalline, as observed by high-resolution
transmission electron microscopy (HRTEM) and selected area electron diffraction (SEAD). We used the technique of
piezoresponse and Kelvin probe force microscopy (PFM/KPFM) to study 1) local ferroelectric behavior and the threedimensional polarization distribution of complex ferroelectric domain structures in the PTO NTs and 2) electron - hole pair, i.e.,
excitons, generation and subsequent charge separation in Au NPs/ TiO2 NTs under UV illumination. In this presentation, the
implications of 3D ferroelectric domain structures in PTO NTs and surface potential images in the enhanced photocatalytic
process in asymmetric Au/ TiO2 nanostructures.
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DF-55( )

Topography Engineering of Ferroelectric Crystalline Copolymer Film

HYEONJUN Lee, YONG JAE Kim1, EUNJI Lee1, KUI Yao2, JI YOUNG Jo
Gwangju Institute of Science and Technology. 1Chungnam National University, Graduate School of Analytical Science and
Technology. 2Institute of Materials Research and Engineering, A*STAR.
Effects of surface roughness as well as crystallinity onto functionalities of crystallinecopolymer films were studied using a
dipping method to inject the crystalline grains into voids amongcrystalline nano-rods. Differently from a widely-used
fabrication method such as spin-coating ofsolution, we achieved a smooth surface and high crystallinity in organic ferroelectric
P(VDF-TrFE) films,simultaneously. Varying dipping temperature and time, remnant polarization and relative dielectricconstant
values increased by 20% and 75% with a decrease of surface roughness from 20 nm to 7 nm in root mean square value,
respectively. The ferroelectric stabilities of P(VDF-TrFE) film capacitorswere found to be strongly dependent on the
crystallinity.

DF-56

Investigation on photoluminescence property of free standing PbTiO3 nanotubes with wallthickness dependence
,

1,

1,

. 1
.
We report on the optical property of the free standing PbTiO3 nanotubes
(f-PTO_NTs) fabricated by using a template-directed method that
integrated the sol-gel and the spin-coating techniques. The f-PTO_NTs
were prepared by removing the alumina membrane template with wet/dry
etching after the deposition of NTs. The wall thickness (tw) of NTs were
varied from 15 to 80 nm with the outer diameter fixed to 420 nm. We
observed yellow/green emission near 2.3 eV for all NTs. The emission
intensity increased dramatically with decreasing temperature (T), the
estimated activation energy hardly changed with tw. On the other hand,
the emission intensity at the lowest T increased with decreasing tw. We
also found that the change ratio of peak position of f-PTO_NTs increased
with the increasing tw. These behaviors were compared with the cases of
the PTO powder and the PTO_NT embedded in the alumina membrane.
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DF-57

Enhanced Electric Formation of Functional Long-range Stripe Nanostructures Based on a
Morphotropic Phase Boundary

YANG Chan-Ho, KIM Kwang-Eun1, JANG Byung-Kweon1, HEO Yooun2, JEONG Myoungho3, LEE Jin Hong1, CHU
Kanghyun1, LEE Jeong Yong4, SEIDEL Jan2
Department of Physics, KAIST; Institute for the NanoCentury, KAIST. 1Department of Physics, KAIST. 2School of Materials
Science and Engineering, University of New South Wales. 3Center for Nanomaterials and Chemical Reactions, Institute for
Basic Science; Department of Materials Science and Engineering, KAIST. 4Center for Nanomaterials and Chemical Reactions,
Institute for Basic Science; Department of Materials Science and Engineering, KAIST; Institute for the NanoCentury, KAIST.
Morphotropic phase boundary systems, which mainly observed in lead-based piezoelectric compounds, have attracted
considerable attention because of their abnormally large piezoelectric susceptibilities. Recently, a strain-driven morphotropic
phase boundary by misfit strain of substrate has been found in BiFeO3 (BFO) thin films which tetragonal-like monoclinic phase
(T) and another phase come from rhombohedral-like phase (R’) coexist. There have been many efforts to control the T-R’ phase
boundary (T-R’ PB) of BFO thin films, but the density of T-R’ PB region is not uniform and relatively hard to align the T-R’
PBs in the pure BFO phase with large scale continuity. In this study, we report that La 5% substitution into BFO thin films
improves the formation of well-aligned straight stripe with excellent good spatial continuity at least up to ~16 µm. Moreover,
we observed large enhancement of electric conduction at the interfacial phase boundary. Our findings provide clues to in-depth
understanding of the morphotropic phase boundary systems and this have potential for integrated multi-functional devices based
on characteristics of nanoscale phase boundaries.

DG-01

Dynamical mean field theory for a doped Mott insulator - the onset of pseudo-gap phase
near the critical doping
LEE, Hyun Jung, PARK, Kwon
School of Physics, Korea Institute for Advanced Study, Seoul, Korea.
A fundamental question for high-temperature superconductors is the nature of the pseudo-gap phase, which lies between the
Mott insulator at zero doping and the Fermi liquid at highdoping p. Here we report on the behavior of the local spectral density
near the zero-temperature onset of this phase, namely at the critical doping pc where the pseudo-gap temperature T* goes to
zero. Accessed by the dynamical mean field theory, where the numerical renormalization group approach is used as an impurity
solver, the local self-energy turns out to show a sharp peak at the Fermi level in its imaginary component, which is responsible
for the appearance of a narrow dip in the local spectral density at the Fermi level, i.e. pseudo-gap. We investigate the structure
of the pseudo-gap for a various hole doping near the critical value in order to understand the property of the quantum critical
phase.
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DG-02

Doniach Diagram in Disordered Electrons Systems

HYUNYONG LEE, STEFAN KETTEMANN
Division of Advanced Materials Science, POSTECH.
We have derived the quantum phase diagram of disordered electrons
systems with magnetic impurities. The competition between RKKY
interaction, J_{RKKY}, and Kondo effect gives rise to a rich quantum
phase diagram, or Doniach diagram. We present numerical results for
disordered 2D electron systems which show that both Kondo temperature,
T_K and J_{RKKY} are widely distributed and quantum critical point is
extended to a critical region. We find a sharp cutoff in the distribution of
their ratio, J_{RKKY}/T_K, and from that critical density of magnetic
impurity below which Kondo always wins. We find that the spin coupled
phase grows at the expense of Kondo phase as increasing disorder. We
report the results on honeycomb lattice where we find that spin coupled
phase is more stable against Kondo screening, but is more easily destroyed by disorder into a paramagnetic phase.

DG-03

Orbital ordering and ferromagnetism induced by strain in the LaTiO3/LaAlO3 superlattice

LEE Alex Taekyung, HAN Myung Joon
KAIST
.
Ti-based transition-metal oxide heterostructures have been studied extensively, because of the unexpected two-dimensional
electron gas and superconductivity at the interface. Through first-principles calculations, we show that lattice, spin, and orbital
degrees of freedom are strongly coupled in the LaTiO3/LaAlO3 (LTO/LAO) superlattice. We found the new spin-orbital ground
state of the LTO/LAO superlattice with the structural distortions. The checkboard type antiferro-orbital ordering occurs and
ferromagnetic ordering is stabilized at the LTO/LAO interface, rather than the previously reported ferro-orbital ordering with
antiferromagnetic ordering. We also show that the spin-orbital ground state can be controlled by the epitaxial strain.
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DG-04

Critical behavior of thermoelectric properties of a VO2 film

KANG Manil, 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 high-speed
electronics and optical switches because of dramatically changes of its
electrical, optical, and thermal properties in a narrow temperature region
near transition temperature (Tc). However, the thermal properties of VO2
at the MIT have received less attention. In present study, we report the
thermal properties of VO2 film at the MIT characterized by the Seebeck
coefficient and the Hall measurements, and the thermoelectric behavior of
the film near the MIT is discussed.

DG-05

Fitting of Diverging Thermoelectric Power in a 2D Electron System of Si-MOSFETs

KIM Hyun-Tak
ETRI, MIT Creative research Center.
The diverging-effective mass (DEM) in a metallic system is evidence of
strong correlation between fermions in strongly correlated systems. The
identification of the DEM still remains to be revealed. The effective mass,
m*=mo/(1-r4) [1] where r is band filling, helps clarify the diverging
thermoelectric power, S, measured in inhomogeneous Si-MOSFET
systems [2]. As a carrier density ns decreases, S increases rapidly. This is

regarded as the metal-insulator transition (MIT) near nc»7.9x10-10cm-2.
This can be solved in assuming that r=nc/ns increases as ns decreases. nc is
an excited(doped) carrier density in the semiconductor induced by gate
and can be also regarded as a metallic carrier density, that is, nc=nseminon=nmetal. ns is given as ntot=ns=nc+nsemi-non, where nsemi-non is a carrier

density in a nonmetallic phase. Thus, increasing ns indicates increasing nnon; this corresponds to an over-doping to increase
inhomogeneity. It’s fitting is given in the right figure. The data S [2] are closely fitted by m*. [1] Physica C 341-348(2000)259.
[2] Phys. Rev. Lett. 109 (2012) 096405.
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Emergent antiferromagnetism with frustration in the lowest Landau level

, ARCHER Alexander1, JAIN Jainendra1,
. 1Pennsylvania State University.
We investigate the spin structures of the composite fermion crystal (CFC) phase in the lowest Landau level (LLL). We
demonstrate that the additional repulsion between electrons arisen from the attachment of the flux quanta can be a new
mechanism for the formation of the antiferromagnetic exchange interaction. An explicit formula for the exchange coupling is
derived and compared with Monte-Carlo simulations for various bound flux number $p$ and filling fraction.Because of the
huge advantage in the Coulomb energy of making a triangular CFC, the spins on it experience the geometrical frustration which
leads to the 120 degree ordered state.

DG-07

Quantum Phase Transition in a 4He Layer on α-graphyne: Pseudo-spin Symmetry Breaking
under a Particle-induced Pseudo-Magnetic Field
KWON Yongkyung, SHIN Hyeondeok, LEE Hoonkyung
,
.
Path-integral Monte Carlo calculations were performed to study the adsorption of 4He atoms on α-graphyne. We find that one
4He atom can be embedded onto the in-plane center of each hexagon of the graphyne. In the first 4He layer above the 4Heembedded graphyne surface, a Mott insulating state was observed at the areal density of 0.0706 A-2 with three 4He atoms
occupying each hexagonal cell while the helium atoms form a commensurate triangular solid at a density of 0.0941 A-2. Here
we show that the Ising pseudo-spin symmetry introduced for two degenerate configurations of three 4He atoms in a hexagonal
cell can be broken by additional 4He atoms placed at the hexagon vertices and the Mott-insulator to commensurate-solid
transition is a transition from a nonmagnetic spin liquid of frustrated antiferromagnets to a spin-aligned ferromagnet under a
particle-induced pseudo-magnetic field.
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SrIrO3 thin films: impact of growth temperature

KUO Cheng-Tai, KIM Minu, YOO Hyang Keun, SHIN Soobin, HONG Kun-Pyo, KIM Yong Su, KIM Hyeong Do, NOH Tae
Won
IBS-CCES.
The 5d transition-metal oxides (TMOs) have attracted much attention in recent years because strong spin-orbit coupling (SOC)
plays an important role in their electronic structures [1]. Among the Ruddlesden-Popper series of Srn+1IrnO3n+1 (n=1,2, and
∞), the heterostructure form of SrIrO3 is of particular interest as a candidate material for novel topological insulators [2].
However, the growth of high-quality SrIrO3 thin films has so far been hampered by experimental difficulties [3].
In this study, we report the growth of epitaxial SrIrO3 thin films on SrTiO3 (001) substrates using pulsed laser deposition
(PLD). From XRD diffraction, we observe that the out-of-plane lattice constant is increased for films grown at higher
temperature. Photoelectron spectroscopy measurement confirm that Sr 3d and Ir 4f core-level peaks are modified in these films,
suggesting a change of the film stoichiometry. These observations demonstrate that growth temperature is a key parameter for
obtaining stoichiometric SrIrO3 films, and our results may open the possibility to investigate the interplay between SOC and
electron correlation, and the topological phases of 5d TMOs.
[1] S. J. Moon et al., Phys. Rev. Lett. 101, 226502 (2008).
[2] D. Xiao et al., Nat. Commun. 2, 596 (2011).
[3] S. Y. Jang et al., J. Korean Phys. Soc. 56, 1814, (2010).

DG-09*

Interplay of various order parameters in epitaxial SrIrO3 thin films

BISWAS Abhijit, KIM Ki-Seok, JEONG Yoon Hee
Postech, Department of Physics.
Motivated by emergent physics of 5d heavy element Ir based compounds having strong spin orbit coupling, we have grown
high quality epitaxial perovskite SrIrO3 thin films lying close to metal insulator phase boundary. Thickness, as well as substrate
dependent metal to insulator transition (MIT) was observed in films. Thickness dependent MIT was associated with Anderson
localization while reducing dimensionality. Surprisingly, with the gradual increase of compressive strain by replacing
substrates, the resistivity power law in metallic films changes with the change in correlation (U) and eventually the system fall
into insulating state with the increase of disorder strength (D). Above phenomenal observations uncover that Anderson
localization for thickness dependent case as well as Mott-Anderson localization for substrate dependent case, plays substantial
role in observed two kind of MIT’s in SrIrO3 films.
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Electric-control of Magnetic State in La-doped BiFeO3

YANG Chan-Ho, JANG Byung-Kweon, LEE Jun-Sik1, LEE Jin Hong, KIM Kwang-Eun, JUNG Min Hwa2, KOO Tae Yeong3,
JEONG Yoon-Hee2, OHLDAG Hendrik1
Department of Physics, KAIST, Daejeon 305-701, Korea. 1Stanford Synchrotron Radiation Lightsource, SLAC National
Accelerator Laboratory, Menlo Park, California 94025, USA. 2Department of Physics, POSTECH, Pohang 790-784,
Korea. 3Pohang Accelerator Laboratory, POSTECH, Pohang 790-784, Korea.
Intriguing physical phenomena have been induced by tuning the material via electrical charge modulation and/or chemical
doping [1, 2]. Element substitution is one of good approach to manifest exotic phenomena. Bismuth ferrite (BiFeO3; BFO) has
been highlighted in the field of multiferroics because its electric and magnetic transition temperatures are above room
temperature. The highly-elongated BFO, recently discovered, shows concurrent transition of antiferromagnetic and ferroelectric
order near room temperature [3]. The concurrency suggests strong spin-lattice coupling effect in the compound which could
pave a promising pathway to the magnetoelectric applications. Based on these backgrounds, we investigated the La-doping
effect on its multiferroic properties. Phenomenological theory was employed to understand the behavior of multiple order
parameters in the phase space of doping and temperature. Finally, investigations of the magnetic state of the doped compound
through scanning x-ray absorption microscopy will be presented. [1] C. H. Ahn et al., Electrostatic modification of novel
materials. Reviews of Modern Physics 78, 1185-1212 (2006). [2] S. Jin et al., Thousandfold Change in Resistivity in
Magnetoresistive La-Ca-Mn-O Films. Science 264, 413-415 (1994). [3] K.-T. Ko et al., Concurrent transition of ferroelectric
and magnetic ordering near room temperature. Nature Communications 2, 567 (2011).

DG-11*

Structural and electrical properties of VO2 films in metal-insulator transition

JIN Zhenlan, PARK Changin, HWANG Inhui, HAN S.-W.
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756, Republic of
Korea.
Vanadium dioxide (VO2) is well-known due to its metal-insulator transition (MIT). A number of experimental and theoretical
studies have discussed if its structural phase change is related to the MIT behavior. VOx films were synthesized using a DC
magnetron sputtering deposition on sapphire substrates. The structural properties of the films were investigated using scanning
electron microscopic (SEM), x-ray diffraction (XRD), and X-ray absorption fine structure (XAFS). SEM measurements reveal
that the surface morphology is changed with the growth conditions. XRD shows that VO2(020) films were formed along the caxis of the sappire substrates. R-T measurements demonstrat that the electric resistances were dramatically changed by ~104 at
the MIT transition temperature. We will discuss local structural changes determined by XAFS, comparing with the R-T results.
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DG-12*

Spin Waves with Dzyaloshinskii-Moriya Interaction and Single-ion Anisotropy in
Multiferroic BiFeO3
JEONG Jaehong, BOURGES Philippe1, PETIT Sylvain1, FURUKAWA Shunsuke2, LE Manh Duc, KIM Shin-Ae3, LEE
Seongsu3, CHEONG S-W.4, PARK Je-Geun
IBS-Research Center for Correlated Electron Systems, Seoul National University. 1Laboratoire Léon Brillouin, CEA-CNRS,
CEA-Saclay. 2Department of Physics, Graduate School of Science, The University of Tokyo. 3Neutron Science Division, Korea
Atomic Energy Research Institute. 4Rutgers Center for Emergent Materials and Department of Physics and Astronomy, Rutgers
University.
Multiferroic compounds are one of promising materials for new spintronic device application using the coupling between
magnetism and ferroelectricity. Among them, BiFeO3 is probably the only exception that has both magnetic and ferroelectric
transition above room temperature. It also has the incommensurate cycloid spin structure with an extremely long period. In
order to understand the microscopic magnetic interactions, several inelastic neutron scattering (INS) experiments were carried
out using co-aligned single crystals. We could, for the first time, measure the magnon dispersion over the full Brillouin zone and
determine the interaction parameters in a Hamiltonian with two Heisenberg interaction between the nearest and the next nearest
neighbors. For the further study on the detailed magnetic excitation in low energy, we performed two INS experiments using the
triple-axis spectrometer 4F2 of LLB. We also calculated the magnon dispersion using the Hamiltonian that includes
Dzyaloshinskii-Moriya (DM) interaction and single-ion anisotropy (SIA), which are associated with the distortion of Fe3+ ion in
the FeO6 octahedra. Consequently, we could understand the unusual low-energy excitations in BiFeO3 by examining various
parameters of DM interaction and SIA.

DG-13*
,

,

Soliton Defects in One-dimensional Topological Three-band Hamiltonian

,
.
Defect formation in the one-dimensional topological three-band model is examined within both lattice and continuum models.
Classic results of Jackiw-Rebbi and Rice-Mele for the soliton charge is generalized to the three-band model. The presence of the
central flat band in the three-band model makes the soliton charge as a function of energy behave in a qualitatively different
way from the two-band Dirac model case. Quantum field-theoretical calculation of Goldstone and Wilczek is also generalized to
the three-band model to obtain the soliton charge. Diamond-chain lattice is shown to be an ideal structure to host a topological
three-band structure.
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DG-14*

Orbital Dzyaloshinskii-Moriya Exchange Interaction

KIM Panjin, HAN Jung Hoon
Sungkyunkwan University.
Superexchange calculation is performed for multi-orbital band models
with broken inversion symmetry. Orbital-changing hopping terms
allowed by the symmetry breaking electric field lead to a new kind of
orbital exchange interaction closely resembling the DzyaloshinskiiMoriya spin exchange. Inversion symmetry breaking as present in
surfaces and interfaces and a strong on-site repulsion, but not the spinorbit interaction, are the requirements to observe the proposed effect.
Mean-field phase diagram exhibits a rich structure including anti-ferroorbital, ferro-orbital, and both single and multiple spiral-orbital phases in
close analogy with the Skyrmion spin crystal phase recently discovered in
thin-film chiral magnets.

DG-15*

Observation a of Geometric Hall Effect in an Atomic Superfluid.

,
,
,
,
Seoul National University, Department of physics and astronomy.
Spin-carrying particles, like electrons, photons and neutral atoms, can
show exotic transport phenomena when the geometric structures of their
parameter space are non-trivial. Berry’s phase can describe the anomalous
phenomena by emergence of effective electro-magnetic field from the
parameter space. In this report, we present geometric Hall effects in an
atomic superfluid system where the effective magnetic field is generated
from a skyrmion spin texture. Hall signal is observed by development of a
circular motion and increases of angular momentum under translational
oscillation of superfluid center. Surprisingly, even with the small
effective magnetic flux, more than 100 numbers of vortices are nucleated
without severe heating or loss of atoms and vortex growth rate depends
on the strength of artificial magnetic field.
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DG-16

Electronic and Magnetic Structures of Ba2IrO4

KO Eunjung, CHOI Hyoung Joon1
Center for Computational Studies of Advanced Electronic Material
Properties, Yonsei University, Seoul, 120-749, Republic of
Korea. 1Department of Physics and IPAP,Yonsei University, Seoul, 120749, Republic of Korea.
The electronic and magnetic structures of the layered perovskite Ba2IrO4
have been investigated using first principles and are compared with those
for Sr2IrO4. The two compounds crystallize in the K2NiF4-type structure

but Ba2IrO4 has no IrO6 octahedra rotation while Sr2IrO4 has a IrO6
octahedra rotation by 11° about the c axis. We discuss similarities and
differences of the electronic and magnetic structures of the two compounds induced from considerable structural differences.
This work was supported by NRF of Korea (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC2013-C3-008).

DG-17

Effect of Charge Doping on [LaNiO3]1/[SrTiO3]1 Superlattices

KIM HEUNG-SIK, HAN Myung Joon
,
.
In this study we investigate the charge doping effect on the electronic and crystal structure of LaNiO3/SrTiO3 superlattice with
the density-functional theory with on-site Coulomb correlations.We first discuss the results without NiO6 octahedral rotation, in
which orbital polarization within the Ni eg-complex is enhanced upon hole doping. Next, we incorporate the rotation of NiO6
and TiO6 octahedra, and discuss about the possible enhanced orbital-lattice coupling effect in the presence of doped charge. It is
found that the orbital polarization and the octahedral rotation cooperate with each other, and the on-site correlation further
enhances the orbital polarization so that the pattern of the octahedral rotation changes upon electron doping. Our work provides
insights on the effect of charge doping on the nickelate superlattices, and suggests the doping-controlled structural evolution in
these systems.
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DG-18(

)

Thermoelectric imaging of epitaxial graphene at the atomic scale

.
Heat is a familiar form of energy transported from a hot side to a colder side of an object, but not a notion associated with
microscopic measurements of electronic properties. A temperature difference within a material causes charge carriers, electrons
or holes, to diffuse along the temperature gradient inducing a thermoelectric voltage. Recently, we have demonstrated that local
thermoelectric measurements can yield high sensitivity imaging of structural disorder on the atomic and nanometre scales. The
thermopower measurement acts to amplify the variations in the local density of states at the Fermi-level, giving high differential
contrast in thermoelectric signals. Using this imaging technique, we uncovered point defects in the first layer of epitaxial
graphene, which generate dislocations and give rise to soliton domain wall line patterns in the second graphene layer. We also
discuss how the thermoelectric signal at the atomic scale is affected by the atomic variations of electronic wavefunctions at the
surface.

DG-19*

Theory and Simulation of Scanning Thermoelectric Microscopy with Atomic Resolution

LEE Eui-Sup, CHO Sanghee1, LYEO Ho-Ki1, KIM Yong-Hyun
Graduated School of Nanoscience and Technology, KAIST. 1Korea Research Institute of Standards and Science.
Heat, a measure of entropy, is largely perceived to be diffusive and transported incoherently by charge carriers and lattice
vibrations in a material, which is hard to be spatially localized. Heat transport is therefore considered a challenging means of the
local imaging of a material and its electronic states. However, Cho et al. [1] reported a series of striking wavefunction images of
epitaxial graphene by measuring thermoelectric voltages with a heat-based scanning probe microscopy. Here we present how
the thermoelectric signal is related to the atomic-scale wavefunctions and what the role of the temperature is at such a length
scale. An exact expression of local thermoelectric voltage is deduced, and a computer-based thermoelectric imaging simulation
method with first-principles wavefunction calculations is developed and performed on pristine and defective graphene. From
this analysis, we find that coherent electron and heat transport through a point-like contact produces an atomic Seebeck effect.
We also discuss the connection between Seebeck coefficient and thermal properties of a material, such as electronic heat
capacity and quantum of thermal conductance, by introducing the statistically defined Fermi temperature [2]. [1] S. Cho, S. D.
Kang, W. Kim, E.-S. Lee, S.-J. Woo, K.-J. Kong, I. Kim, H.-D. Kim, T. Zhang, J. A. Stroscio, Y.-H. Kim and H.-K. Lyeo,
arXiv: 1305.2845, Nature Mater. DOI: 10.1038/nmat3708 (2013)[2] E.-S. Lee, S. Cho, H.-K. Lyeo and Y.-H. Kim, arXiv:
1307.3742, submitted (2013)
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SPM Study of Graphene Directly CVD-Grown on h-BN Film

,
/
.
We present our Scanning Tunneling Microscopy (STM)/Spectroscopy
(STS) and Kelvin Probe Force Microscope (KPFM) study for graphene
directly CVD-grown on h-BN film. High resolution STM image shows
perfect honeycomb lattice structure of graphene on top surface and Moiré
pattern indicating the structural interference patter with the underlying hBN crystal. Non-disturbed electronic structure of graphene on h-BN film
is also confirmed by spatially-resolved STS measurements, which show
very sharp and symmetric V shape with a Dirac point at Fermi level. To
confirm the graphene growth mechanism on h-BN film/Cu foil, careful
Atomic Force Microscopy (AFM) and Kelvin Probe Force Microscopy
(KPFM) measurements were performed on different thickness of h-BN
film on a SiO2 substrate to unveil the catalytic origin of graphene growth
on h-BN/Cu.

DG-21*

Hybridized Electronic Structure of 2D and 3D Topological Insulators; Bi Bilayer on

Bi2Te2Se

SHIN woo jong, KIM sung hwan, JIN Kyeong hwan1, KAZUYUKI
Sakamoto2, JI seung hoon1, YEOM han woong
Center for Artificial Low Dimensional Electronic Systems, IBS and
Department of Physics, POSTECH. 1Department of Physics,
POSTECH. 2Department of Physics, Chiba university.
We report on the spin and angle-resolved photoelectron spectroscopy
(ARPES) and scanning tunneling spectroscopy (STS) study of a Bi
bilayer on Bi2Te2Se. Ultrathin Bi film has been suggested by 2D
topological insulator and Bi2Te2Se is one of the most well established 3D
topological insulator. After Bi deposition on Bi2Te2Se, BTS TSS
disappears. On the other hand, the degenerate valence band of Bi splits
into two bands, one metallic, the other insulating with a Rashba type
Dirac crossing, through the interacting with Bi2Te2Se. The helical nature
of these bands were confirmed by spin-resolved ARPES. We interpret
that these Bi-originated bands play the role of the TSS within the
Bi2Te2Se band gap. This result suggests a novel pathway to manipulate
the TSS of a 3D topological insulator.
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Identifying Defects in Bi2Se3 Topological Insulator from Scanning Tunneling Microscopy
and First Principles

JEON Jeong Heum, PARK Joon-Suh1, KIM Howon, JANG Won-Jun, HAN Jinhee2, LEE Hyungjun2, CHOI Hyoung Joon2,
KAHNG Se-Jong
Department of Physics, Korea University. 1Department of Physics, Yonsei University and Center for Opto-Electronic
Convergence Systems, KIST. 2Department of Physics and IPAP, Yonsei University.
Intrinsic defects are the major sources of n-type doping character in Bi2Se3 topological insulators, but their structural nature
remains unsettled. Theoretical calculations predicted that SeBi antisite was the most preferred under molecular beam epitaxy
conditions, but there has been no report on its experimental observation. Here, we performed energy-dependent atomic
resolution scanning tunneling microscopy (STM) for intrinsic defects in Bi2Se3 thin films grown under Se-rich conditions, and
density functional theory (DFT) calculations for local atomic and electronic structures near defects. We identify two types of
defects by comparing experimental STM images and local denstiy of states from DFT calculations. This work was support by
NRF of Korea (Grant Nos. 2010-0025301, 2012-0013222, 2011-0018306) and KISTI Supercomputing Center (Project No.
KSC-2012-C3-046).

DG-23

Threading Immobilized DNA through a Nanopore with a SPM Tip

HYUN Changbae, LI Jiali1, KIM Kwang S.
Department of Chemistry,Pohang University of Science and Technology, Korea. 1Department of Physics, University of
Arkansas, Fayetteville AR USA.
Nanopores have been of great interest for scientific research since they have the ability of detecting single molecules. When a
charged single molecule is captured and driven through a nanopore by an electric field around the pore, ionic current flow
inside the pore reduces, and the current reduction reveals details of the passing molecule. In pursuit of developing nanoporebased DNA sequencing technology, we have designed and constructed an apparatus that can place a DNA tethered probe tip
near a nanopore, control the DNA moving speed, and measure the ionic current change when a DNA is captured and released
from a nanopore. The probe tip’s position is sensed and controlled by a tuning fork based feedback force sensor and a
nanopositioning system. Using this newly constructed apparatus, a DNA strand moving rate of >100µs/base in nanopores has
been accomplished. This rate provides enough temporal resolution to read each base on a tethered DNA molecule using
available single channel recording electronics on the market today.
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Investigating the pathogenesis of alpha-synuclein on membrane fusion using alternating

laser excitation

1,
2,
3, YING Lai4,
5,
6,
7
,
School of interdisciplinary bioscience and bioengineering, POSTECH, Pohang 790-874, South Korea. 1Department of
Biochemistry and Molecular Biology, Yeungnam University Medical College, Daegu705-717 ,South Korea. 2Department of
Physics, POSTECH, Pohang 790-874, South Korea. 3Biomedical Research Institute, Korea Institute of Science and
Technology, Seoul, Korea. 4Department of Biochemistry, Biophysics & Molecular Biology, Iowa State University, Ames, Iowa
50011, USA. 5Department of Genetic Engineering, College of Biotechnology and Bioengineering, Sungkyunkwan University,
Suwon 440-746,South Korea. 6Biomedical Research Institute, Korea Institute of Science and Technology, Seoul, Korea and
Department of Biochemistry, Biophysics & Molecular Biology, Iowa State University, Ames, Iowa 50011, USA. 7School of
interdisciplinary bioscience and bioengineering and Department of Physics, POSTECH, Pohang 790-874, South Korea.
Parkinson disease and dementia with Lewy bodies are featured with the formation of Lewy bodies composed mostly of αsynuclein (α-Syn) in the brain. Although evidence indicates that the large oligomeric or protofibril forms of α-Syn are
neurotoxic agents, the detailed mechanisms of the toxic functions of the oligomers remain unclear. To investigate the effects of
large α-Syn oligomers on SNARE-mediated vesicle fusion, we introduce a novel single-vesicle fusion assay, alternating-laser
excitation (ALEX), which is capable of sorting out the subpopulations of fusion products. Here, we showed that large α-Syn
oligomers block vesicle docking, which is the initial complex formation step and finally inhibit SNARE mediated vesicle lipid
mixing. These results suggest that large α-Syn oligomers function as inhibitors of dopamine release, which thus provides a clue,
at the molecular level, to their neurotoxicity.

DG-25*

Advanced single-molecule co-IP analysis for very weak protein-protein interactions

YOO Janghyun
KAIST.
Protein interactions play key roles in almost every cell functions and kinetics information of them is essential for understanding
their complex network. Various methods have been developed to extracts kinetic parameters. Weak protein interactions require
higher concentration for reliable analysis and more difficult to be characterized. Currently, the most frequently used method in
studying weak interaction is SPR. However, SPR is not suitable for transient protein interactions. Transient interactions are
involved in cell signaling which requires fast transduction or rapid turnover. These transient protein interactions are crucial in
regulating cellular signaling cascades that are involved in cell growth which is frequently dysregulated into cancerous growth.
Therefore, it is important to characterize weak and transient protein interactions to fully understand cell signaling network and
cancer mechanism.To detect weak interactions, a highly sensitive method will be appreciated. The highest sensitive detection
can be achieved by single-molecule detection, and recently real time single-molecule co-IP, a single-molecule version of real
time co-immunoprecipitation, was reported which is able to detect transient interactions between fluorophore labeled
immobilized bait proteins and free prey proteins. Here, we show that single-molecule co-IP can be applied to study (i) transient
interactions at prey protein concentration much lower than KD using RAS and Ras binding domain (RBD) of CRAF, (ii) protein
interactions that reflect different cell environments using RAS and full-length RAF, (iii) a new mechanism of RAF
dimerization.
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Characterization of the mechanical properties of Hoogsteen base pairs using the hybridtechnique of smFRET and magnetic tweezers

HONG Seok-Cheol, LEE ILBUEM, JUNG HAE JUN
Korea Univerisity, Department of physics.
Watson and Crick found that DNA exists as a double helix of two strands and the two strands are connected by “Watson-Crick”
base pairs (A-T and G-C). Years later, Karst Hoogsteen reported new binding modes between A and T and between G and C,
which were now known as "Hoogsteen base pairing". The geometries of Hoogsteen base pairing and Watson-Crick base pairing
are markedly different. Soon it was known that Hoogsteen base pairing plays important roles in forming non-conventional
nucleic acid structures such as hairpin motifs of tRNA, triplex DNA, and quadruplex DNA to name a few. Despite intensive
chemical and biochemical studies on the Hoogsteen pairing, the physical nature of the pairing remains largely unknown. Thus,
triplex DNA being a model system for the Hoogsteen pairing, we investigated the mechanical and dynamical behaviors of the
Hoogsteen pairing. More specifically, force-induced rupturing of the Hoogsteen pairs has not been reported. In order to monitor
the nano-scale conformational transition upon unzipping of the Hoogsteen pairs in the presence of tension, we utilized the
hybrid technique of single-molecule FRET and magnetic tweezers. We found that a few picoNewton’s tension is sufficient to
rupture the Hoogsteen pairs in triplex DNA at pH = 6.5 and observed frequent interconversions between zipped and unzipped
states implying a small energy barrier between them under given conditions. Our biophysical results shed new light on the
nature of the Hoogsteen base pairing and underpin relevant biological phenomena from more quantitative viewpoints. This work
is supported by mid-career research program (NRF 2010 00 10594).

DG-27*

Dynamic Folding Energy Landscape Modulation Drives the Rapid Assembly of DNA

nanostructure
BAE Wooli, KIM Kipom, HYEON Changbong1, MIN Duyoung, RYU
Je-Kyung, YOON Tae-Young
KAIST. 1KIAS.
DNA is particularly attractive material for building a nanostructure
because of its high degree of programmability, stability and productivity.
The DNA origami technique has further advanced the DNA based
nanostructure by providing a versatile tool to design and build DNA
based nanostructures with arbitrary shape and specific binding sites.
However, current understanding to the folding pathway and intermediate
states associated with assemblies of DNA nanostructure under thermal
annealing remains elusive because of complex folding energy landscape.
Here we design a new assembly pathway of DNA nanostructure with
little dead-end trap states. By adding staple strands to DNA under
mechanical tension, we created an artificial intermediate DNA state where the single DNA strand is fully covered with the
staple strands. This procedure allowed us not only to separate the actual folding step from the binding of staple strands but also
to remove the possibility of alternative base pairings within DNA. Our study demonstrates that an active control of the folding
landscape of biological polymer can promote rapid and efficient folding. We anticipate that our ability to manipulate the folding
pathway will lead to the better understanding and design of DNA origami technique.
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Single-molecule fluorescence study on the bending of short double-stranded DNA

,
,
,
,
POSTECH,
.
Investigating the mechanical properties of double-stranded DNA (dsDNA) is important for understanding the biological
processes occurring in DNA. dsDNA can bend in many biological processes in living cells, such as DNA wrapping around
nucleosomes, viral DNA packing, and the formation of DNA looping in transcription regulation. Although persistence length of
dsDNA was well known for about 50nm or 150bp, dsDNA bending occurs to have high flexibility. In this work, we studied the
fate of dsDNA when it is highly bent, using single-molecule fluorescence approach and Brownian Dynamics (BD)
computational simulation. We found that when force by dsDNA hybridization is applied to dsDNA, it has two different
conformations for relaxing the bending energy: one is the melting of the two ends of dsDNA (fork) and the other is highly bent
with a kink. To confirm this, we varied magnesium ion concentration and applied a mismatch at the center of the dsDNA. We
also measured the dynamical conformational change between two states in milli-second time scale.

DG-29

Exploring Allosteric Signaling Pathways and Dynamics of Chaperonin GroEL Using
Simple Network and Coarse-grained Model
,

.
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Only One Round ATP Binding And Hydrolysis In NSF Is Sufficient For α-SNAP Mediated
Destabilized SNARE Complex

1,
2, JAHN Reinhard1,
2,
,
,
,
Department of Physics, KAIST, Daejeon 350-701, Korea. 1Department of Neurobiology, Max Planck Institute for Biophysical
Chemistry, Gottingen, Germany.. 2Graduate School of Medical Science and Engineering, KAIST, 335 Gwahangno, Daejeon
305–701, Kore.
Soluble NSF attachment protein receptor (SNARE) proteins are minimal machinery for vesicle fusion by forming a stable fourhelix bundle called the SNARE complex. N-ethylmaleimide-sensitive factor (NSF), an AAA+ ATPase, disassembles the
SNARE complex with its receptor protein soluble NSF attachment protein (α-SNAP) and ATP hydrolysis. Disassembly of
SNARE complex is essential for SNARE recycling and vesicle trafficking. α-SNAP binds to SNARE complex and ATPcharged NSF attaches to SNAP-SNARE complex. The significant conformational change of N domain of NSF takes the tight
SNARE complex apart using ATP hydrolysis. However, the mechanism of NSF and α-SNAP by which the stable SNARE
complex is disassembled is unclear. Here we show only one round of ATP binding and hydrolysis in NSF is sufficient for a
SNARE complex using both single molecule fluorescence assay and single molecule force spectroscopy. We report that no
further ATP binding to NSF after one round ATP binding is needed for SNARE complex disassembly. Furthermore, we found
that α-SNAP destabilizes SNARE complex by triggering partially zipped state with the C-terminal half of the SNARE complex
remaining disassembled. Our results demonstrate that less than 6 ATP molecules’ hydrolysis is sufficient for disassembling a
SNARE complex and that α-SNAP, itself functions not only as a scaffold to connect NSF and SNARE complex but also as an
enzyme to lower the energy barrier for unfolding the SNARE complex. We anticipate our assays to be a foundation to
understand detailed mechanism of SNARE complex disassembly. Moreover, our findings provide insight into molecular
mechanism underlying SNARE complex recycling. Furthermore, these demonstration should be useful to understand
exocytosis.

DG-31*

Single Molecule Studies on the Human DNA Mismatch Removal

JEON Yongmoon, FISHEL Richard1, LEE Jong-Bong
POSTECH, Dept. of Physics. 1Ohio State University, Dept. of Molecular Virology.
Single-molecule studies have improved our understanding of the mechanism of the mismatch recognition and the downstream
signaling in DNA mismatch repair (MMR). However, the recognition mechanism of the mismatch by MMR proteins after the
strand excision is less clear although the biochemical and structural studies have proposed models of the mismatched-strand
removal by the MutSα-hExoI-RPA complex. Human Exonuclease 1 (hExo1) is responsible for the removal of the single strand
harboring a mismatch. To explore the mechanism of the elimination of the mismatch in MMR, we have developed a singlemolecule flow-stretching technique combined with a fluorescent imaging method. RPA inhibits the strand cleavage by hExo1,
but the presence of MutSα re-initiates the strand removal by hExo1 in an ATP-dependent manner. We visualized the real time
dynamics of hExo1 regulated by RPA and MutSα.
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Precise Measurement of diffusion coefficients of membrane proteins using single-particle

tracking.

DONG-KYUN Kim, DO-HYEON Kim, KAI Zhou1, HYEONG JEON An2, SUNG HO Ryu3, NAM KI Lee4
Postech, School of Interdisciplinary Bioscience and Bioengineering. 1Postech, Department of Life Sciences. 2Postech,
Department of Physics. 3Postech, School of Interdisciplinary Bioscience and Bioengineering, Department of Life Sciences,
Division of Integrative Biosciences and Biotechnology. 4Postech, School of Interdisciplinary Bioscience and Bioengineering,
Department of Physics.
Plasma membrane is located at the boundary of cells and isolates cells from environment. However, plasma membrane itself is
not functional and membrane proteins, embedded in plasma membrane, play most crucial roles for maintaining cell. Usually
membrane proteins receive signals by the environmental change and spout the biomolecules that can be used for cellular
communications. The functional roles of membrane proteins can be studied if their diffusion coefficients are accurately
determined. For example, the sequential interactions of membrane proteins during signal transduction can be analyzed by the
change in their diffusion coefficients. Currently only limited information from highly dynamic movements of membrane
proteins can be obtained from conventional method, such as FRAP (Fluorescence recovery after photobleaching). In this work,
we developed new approach that can determine the diffusion coefficient of membrane proteins with high accuracy by using
super-resolution microscopy and multiple-particle tracking, which can satisfy statistically confidence level. Furthermore, we
explored membrane-protein interactions with precise measurement of diffusion coefficients.

DG-33

Real-time observation of target binding, cleavage, and dissociation of Argonaute-guide

complex
SHIN Soochul, JO Myung Hyun1, JUNG Seung-Ryoung2, KIM Eunji3,
SONG Ji-Joon3, HOHNG Sungchul4
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. 4Department of Biophysics and Chemical Biology,
Department of Physics and Astronomy, SNU.
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 singlemolecule 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.
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Single-Molecule FRET Studies on Mph1

PARK Jeongbin, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University, Seoul,
Korea.
Mph1 protein is known as an ATP-dependent 3’-5’ DNA helicase
involved in DNA damage bypass, found in Saccharomyces cerevisiae.
Similar to its human homologue FANCM, the protein is involved in
repairing DNA at stalled replication forks. Here, we studied the activity of
Mph1 on replication forks by single-molecule FRET (Fluorescence
resonance energy transfer). We found that formation of the chicken-foot
structure, which indicates initiation of the fork regression, was closely
correlated to unwinding of lagging strand. We also revealed that the
initiation time of fork regression is related to ATP concentration. In
addition to that, we studied the effect of DNA defects, such as nicks or
mismatch on fork regression. Surprisingly, we observed that Mph1 moves
back and forth when it meets non-homologous pair between the leading
and lagging strands.

DG-35*
,

Single molecule diagnostic method to reveal cancer-related EGFR signaling

KAIST
.
Receptor tyrosine kinases (RTK) regulate cell fate such as differentiation, proliferation, survival and migration via recruiting
SH2 containing downstream proteins. Dysregulated interaction between RTK and SH2 containing downstream protein
incessantly activates MAPK or PI3K-Akt pathway which will cause a cancer in various organs. Real-time single-molecule coimmunoprecipitation (co-IP) is able to reveal quantitatively these protein-protein interactions using endogenous proteins at
single molecule resolution. Here we develop a single molecule diagnostic method measuring endogenous epidermal growth
factor receptor (EGFR) signaling extracted from cancer cell lines or lung tissues of cancer patients with eGFP labeled Grb2 as a
probe, an adaptor protein containing SH2 involved in various EGFR signaling pathways using real-time single-molecule co-IP.
This method distinguishes cell lines or tissues expressing highly activated EGFR. We also demonstrate that even cell lines have
the same EGFR mutation,
A746-E750, protein interaction network can be altered, which is not revealed by genome
sequencing based diagnosis. Our approach allows us to investigate signaling network of proteins at single molecule resolution.
It also suggests a concept of a molecular diagnostic method at protein-protein interaction level.
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Probing Transcriptional Dynamics of T7 RNA Polymerase in Living Cells

1,
,
,
POSTECH,
. 1POSTECH, I-BIO.
Transcription, a transcribing process of genetic information from DNA to RNA, is the key step of gene expression in living
cells. Most previous works have studied transcription using purified RNA polymerases (RNAP) outside a cell. In real-life
situations where the vast chromosomal DNA and other cellular proteins effect on gene expression, the environment of RNAP is
quite different from outside a cell. However, the dynamics of RNAP in living cells are poorly understood. Here we applied
single fluorescent protein imaging to probe the dynamics of T7 RNAP in E. coli. Using this method, we measured that it takes
nearly 200 sec for one RNAP to find a promoter sequence, transcription initiation time is about 2 sec, and elongation rate is 80100 bp/sec at room temperature. In addition, the transcription by T7 RNAP is decoupled from translation.
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First-Principle Study on Carbon Nanofoam Structure as an Anode Material for Li Ion

Battery

PARK Hanjin, PARK Sora, KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
Using ab inito density functional calculations, we investigate the
adsorption and diffusion properties of Li atoms on a new carbon
nanostructured material which could be applied as a new anode material
for the Li-ion battery. We focus on a special carbon nanofoam structure
consisting of schwarzite structures with local negative Gaussian curvature
as the core parts and (4, 4) CNT segments as the interconnection parts.
Considering the geometries of the nanofoam structure, we find several
stable adsorption sites for Li atom with relatively large binding energies (≥ 2.00 eV). Based on these adsorption sites, we
suggest possible diffusion paths and energy barriers on the outside and inside surfaces of the nanofoam structure. The calculated
energy barriers are low enough to make Li atoms can diffuse almost freely inside and outside of structure. Furthermore, to
examine the Li-capacity of the system which is an important characteristic of anode materials, we evaluate the energy gain
tendency while adding Li atoms. Our results show that the carbon nanofoam structure would be better as an anode material than
graphite in Li capacity and volume expansion.

DG-39*
YOO Gwangsu, PARK Jinhong, LEE S.-S. B., SIM H.-S.
KAIST, Physics department.
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Electron transport through a quantum dot in the fractional quantum Hall regime with

filling factor 2/3

JINHONG Park, YUVAL Gefen1, HEUNGSUN Sim
Department of Physics, Korea Advanced Institute of Science and
Technology. 1Department of Condensed Matter Physics, Weizmann
Institute of Science.
The fractional quantum Hall system with filling factor 2/3 has an edge
state composed of counterpropagating chiral charge and neutral modes.
We consider electron transport through a large-size quantum dot in the
fractional quantum Hall regime with filling factor 2/3, and theoretically
study the effect of the fractionalization of an electron into the two counterpropagating modes. The dot is coupled to two leads
(an electron source and a drain) via electron tunneling. In the sequential tunneling regime, we find that the fractionalization
results in the dephasing of Aharonov-Bohm interference of the modes propagating along the edge of the dot. On the other hand,
in the cotunneling regime, electron transport depends on the positions of the leads due to the fractionalization. These findings
will be useful for experimentally identifying the neutral modes.

DG-41

Measurement-Induced Dephasing of a Qubit Due to Vacuum Fluctuation in a Cavity
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Infrared study of High mobility transparent LaBaSnO3 thin film

1,
1
,
,
,
,
. 1
,
.
We have synthsied La-doped BaSnO3 thin film on STO substrate using
PED (Puilsed Electron Deposition) method
and performed the first infrared reflectivity / transmission and
Spectroscopic ellipsometry measurements to find that the mobile carrier
exhibits the single Drude response. From Optical conductivity ananlysis
we obtain
directly the effective mass
m*=0.33m0 which is similar to other transparent conducting oxide such
as In2O3(0.30m0), SnO2(0.30m0),
demonstrating that the high-mu is not due to the small m* but rather due
to the
relatively weak scattering.
(IR results on single crystal samples support this)
The optical band gap shifts to
higher energy in the doped sample compared with that of the undoped
film which is interpreted
in terms of the Burstein-Moss effect.

,

DG-43
approach

Band gap and effective mass of BN/Graphene/BN: Van der Waals density functional

HONG Jisang, HASHMI Arqum
.
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Graphene Field-Effect Transistors Based on Van der Waals Heterostructures

MYOUNG Nojoon, SEO Kyungchul1, LEE Seung Joo2, IHM Gukhyung3
Chungnam National University, Departement of Physics. 1Paichai
University, Daeduk Campus for BINT Convergence. 2Quantumfunctional Semiconductor Research Center, Dongguk
University. 3Chungman National University, Department of Physics.
Lately, increasing interest has been directed toward graphene-based Van
der Waals heterostructures that graphene and other two-dimensional
materials are vertically stacked. Scientists have tried to find two-dimensional materials like graphene, so that a number of twodimensional materials have been revealed so far. Due to the variety, it is possible to fabricate numerous kinds
of heterostructures, exhibiting different physical properties. In this study, quantum transport through graphene/MoS2
heterostructures is investigated, and the possible field-effect transistor models are suggested. The proposed heterostructures
consists of an atomically thin molybdenum disulfide (MoS2) layer and two graphene electrodes as source and drain electrodes
for field-effect transistors. MoS2 layer plays the role of a tunnel barrier through which Dirac fermions from a graphene source
electrode tunnel. The tunneling current of the field-effect transistors based on graphene/MoS2 heterostructures is largely
modulated by gate voltage, and further the current modultation can be enhanced by using graphene nanoribbons as a source or
drain electrode. Moreover, the possibility to generate spin-polarized current through the heterostructures is examined by
considering the case that inversion symmetry of MoS2 is broken.

DG-45

Ferroelectric instability induced by relativistic effects in lead chalcogenides

KIM Jinwoong, JHI Seung-Hoon
POSTECH, Dept. of Physics.
A recent study [E. S. Božin et al., Science 330, 1660 (2010)] reported unusual ferroelectric instability in lead chalcogenides at
heating, which is contrast to typical ferroelectric transitions that occur at cooling. This study explains the emergence of local
dipole formation due to the softening of transverse optical (TO) phonon modes. However, standard first-principles calculations
do not support the phonon softening (imaginary frequency). Here, we present that the spin-orbit interaction should be included
in the calculations to correctly produce the instability and that, as such, thermal expansion leads to the softening in TO phonon
modes. Another controversial finding in experiment that the frequency of TO mode is finite and increases with temperatures can
be explained if anharmonic effects are considered together with the spin-orbit interaction. Our study shows that the spin-orbit
interaction can be critical for the structural stability and thus affect the thermoelectric or structural phase transition.
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Low Electrical resistance in multi-stacked large scale CVD graphene
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We have measured optical absorption of hydrogenated large scale graphene over the wide range from Far-IR to UV
(4meV~6.2eV). When compared with pristine large scale graphene, hydrogenated graphene exhibits drastically
different features: As the hydrogen coverage increases Drude weight is decreased and the constant interband absorption with
sigma_1=e^2/4h is also decreased in the Far-IR to visible range. In the UV-region, excitonic absorption peak disappears whole
another absorption peak is formed nearby the excitonic peak. These results suggest that the band structurte of gaphene is
significantly changed by the hydrogenation.

DG-47

Infrared-optical spectroscopy of Bi_2Se_3 thin films: thickness-dependent study

E. J. Choi, YU Kwangnam, JEON Jeong Heum1, KAHNG Se-Jong1, LEE Hyungjun2, CHOI Hyoung Joon2
Physics Department, University of Seoul. 1Department of Physics, Korea University. 2Department of Physics and IPAP, Yonsei
University.
Optical conductivity of Bi2Se3 thin films for the thickness d range between 6 quintuple layers (QLs) and 33 QLs was obtained
using infrared (IR) transmission and spectroscopic ellipsometry measurements. In Far-IR region, E^1_u -mode optical phonon
shifts to higher frequency as the film becomes thinner. Interband transition spectrum above the band gap energy hbar w > E_g
(0.3 eV) also exhibits a distinct blue shift as d decreases. Our first-principles calculations of the phonon mode and electronic
band structures of Bi2Se3 bulk and thin films qualitatively reproduce the observed d-dependent behaviors, which proves that
quantum connement and crystal symmetry breaking play important roles in this topological insulator when the thickness
approaches the quantum limit. We also show optical conductivity of (Bi_2-xIn_xSe3) films. The substitution of In for Bi results
in drastic change of sigma(w) due to the small gap- to large gap- band structure change.
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Molecular Designed Ionic Liquid Crystal in Alkane

JEON Yoonnam, KANG Tae Hui1, KANG Tae Hui2, KIM Mahn Won1,
KIM Mahn Won3
Laser Advanced System Industrialization Center, Jeonnam
Technopark. 1Department of Physics, KAIST. 2Neutron Science
Division, KAERI. 3School of Physics and Chemistry, GIST.
Dispersed 1-tetradecyl-3-methylimidazolium chloride ([C14MIM]Cl)
ionic liquid (IL) is insoluble with alkane solvents: 1-hexane, 1-octane, 1decane, and 1-dodecane. Aggregation of IL, however, was initiated by
adding 1-octanol (molar ratio of IL/octanol is 1/3), and rod-like single
crystals grew after several days. Crystal growth was remarkably improved
in the 1-octane solvent, which is expected to match with the alkyl chain
length. The observed maximum crystal length was 5.2 mm. In addition,
IL was not crystallized in an irregular shape solvent, 2-methyloctane. For further understanding of the crystallization conditions,
we analyzed the components of the crystal by varying the IL/octanol ratio and characterized the structure by indexing the x-ray
diffraction data in the 1-octane solvent. Increased 4 Å of the lattice parameter along the b-axis (normal to the imidazoliurm ring
plane) distinguished itself against the triclinic structure of [C14MIM]Cl powder, and it well corresponded with interspaced
octanol molecule.

DG-49

Aging Dynamics of Clean Foams

BYUNG MOOK Weon

.
We study aging dynamics of clean foams using numerical simulations with a network model. Initial clean foams consist of
equally pressurized bubbles and a low fraction of liquid films without stabilizing agents. Aging of clean foams occurs as
bubbles rapidly coalesce by film rupture and finally evolve toward a new quasi-equilibrium configuration. We find that foam
aging is analogous to biological aging: the death rate of bubbles increases exponentially with time, which is consistent with the
Gompertz mortality patterns for biological populations. The temporal change of bubbles is well described by a Boltzmann
sigmoidal function, indicating that the foam aging is a phase transition phenomenon. This study suggests that foams can be
useful models for giving physical insights into biological aging.
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Urea-induced Denaturation of PreQ1-Riboswitch

YOON Jeseong, HYEON Changbong, THIRUMALAI Dave1
Korea Institute for Advanced Study, School of Computational
Sciences. 1University of Maryland, Institute for Physical Sciences and
Technology.

We performed extensive all atom molecular dynamics (MD)
simulations to determine the molecular underpinnings of urea-induced
RNA denaturation. Our simulations reveal that the denaturation of RNA structures is mainly driven by the hydrogen bonds and
stacking interaction of urea with the bases. Through detailed studies of the simulation trajectories, we found that geminate pairs
between urea and bases due to hydrogen bonds and stacks persist only ≈ (0.1 − 1) ns, which suggests that ureabase interaction is
highly dynamic. Most importantly, the early stage of base pair disruption is triggered by penetration of water molecules into
the hydrophobic domain between the RNA bases. The infiltration of water into the narrow space between base pairs is critical in
increasing the accessibility of urea to transiently disrupted bases, thus allowing urea to displace inter base hydrogen bonds. This
mechanism, water-induced disruption of base-pairs resulting in the formation of a “wet" destabilized RNA followed by
solvation by urea, is the exact opposite of the two-stage denaturation of proteins by urea. In the latter case, initial
ureapenetration creates a dry-globule, which is subsequently solvated by water leading to global protein unfolding. Our work
shows that the ability to interact with both water and polar, nonpolar components of nucleotides makes urea a powerful
chemical denaturant for nucleic acids.

DG-51*

Structure of Ionic Liquid/Water Mixtures Investigated by IR and NMR Spectroscopy

CHA Seoncheol, AO Mingqi, SUNG Woongmo, MOON Bongjin1, AHLSTRÖM Bodil2, JOHANSSON Patrik2, OUCHI
Yukio3, KIM Doseok
Department of Physics, Sogang University. 1Department of Chemistry, Sogang University. 2Department of Applied Physics,
Chalmers University of Technology. 3Department of Organic and Polymeric Materials, Tokyo Institute of Technology.
Ionic liquids are the salt, that exist in liquid phase below 100 °C. Because of their unique properties, such as negligible vapor
pressure, chemical stability, and high conductivity, ionic liquids have been expected to replace conventional organic solvents in
electrochemical applications and chemical synthesis,. We studied the interactions and structure of the imidazolium-cation ionic
liquids having different anions (1-butyl-3-methylimidazolium ([BMIM]X: X = Clˉ, Brˉ, Iˉ, and BF4-) using IR absorption
and NMR spectroscopy. IR spectra of these ionic liquids in CHx stretching region changed dramatically for different anions, and
NMR chemical shifts of protons in the cation also shifted differently by the change of anions. IR spectra, NMR chemical shift,
and density-functional theory calculations show that the hydrogen bonding between H(2) proton of the cation and anion
weakens from chloride to iodide and gets negligible for BF4 anion. The detailed configuration of the anion with respect to the
cation was proposed from the results.
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Halide anion dependence on the surface adsorption of long-chain ionic liquids

SUNG Woongmo, WANG Wenjie1, AO Mingqi, VAKNIN David1, KIM
Doseok2
Department of physics, Sogang University, Seoul 121-742, Korea. 1Ames
Laboratory and Department of Physics, Iowa State University, Ames,
Iowa 50011, USA. 2Department of Physics, Sogang University, Seoul
121-742, Korea.
Excess of anions in air/water interface has been known for decades.
Especially for halide anions, it was found that surface excess of I- is more prominent than Br- or Cl-, which cannot be simply
accounted for by Debye-Huckel theory and by Onsager’s model. Surface excess of anions can also be expected in aqueous
solutions of ionic liquids having long alkyl chains in the cation, in which the surface is first covered by excess of the cations at
low concentration, and the adsorption of the anions to the interface would be facilitated by the charges already present at the
interface. In this study, we investigated adsorption behavior of [C12mim]Cl, [C12mim]Br, [C12mim]I aqueous solutions by
surface-sensitive grazing angle X-ray fluorescence spectroscopy in conjunction with surface tension measurements. From the
surface tension measurements, it was observed that critical micelle concentration (cmc) of [C12mim]I solution was 4.6 mN/m,
much smaller than that of [C12mim]Cl (16.7 mN/m) indicating surface activity of surfactant strongly depends on halide anions.
From X-ray fluorescence spectroscopy, surface excess of halide anion was measured quantitatively from the interface of these
solutions. By inserting NaCl and NaI in [C12mim]I and [C12mim]Cl solutions, respectively, competition between Cl- and Iadsorption was investigated. The result indicated that I- has stronger adsorption affinity on the charged surface than Cl-.

DG-53

Optical spectrum of Hofstadter’s fractal butterfly

MOON Pilkyung, KOSHINO Mikito1
. 1Tohoku University.
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[1] P. Moon and M. Koshino, submitted, arXiv:1308.0713 (2013). [2] D. R. Hofstadter, Phys. Rev. B 14, 2239 (1976). [3] P.
Moon and M. Koshino, Phys. Rev. B 85, 195458 (2012). [4] C. R. Dean, et al., Nature 497, 598 (2013). [5] B. Hunt, et al.,
Science 340, 1427 (2013).
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Anisotropic Friction Domain from Zigzag Directional Ripples in Graphene
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Lattice distortions along the surface normal direction in two-dimensional materials are prevalent among structural movements
at finite temperature. Graphene's negative thermal expansion coefficient is a direct consequence of such an intrinsic property.
Recently, friction measurements on graphene exfoliated on the silicon oxide surface reveal an anomalous anisotropy whose
origin is attributed to the formation of ripple domains. Here we uncover the atomistic origin of the observed friction domains
using a newly developed method to measure the friction domain called cantilever torsion microscopy (CTM) and angle-resolved
photoemission spectroscopy (ARPES) measurements. We experimentally demonstrate that ripples on graphene are formed
along the zigzag direction of the hexagonal lattice. We have also calculated theoretically the bending stiffness of carbon-carbon
bonds and adhesive interactions between graphene and the surface underneath it that are consistent with our experimental
results.

DG-55*
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Josephson coupling through surface conducting channels in 3D topological insulators

LEE Jae Hyeong, LEE Gil-Ho, LEE Janghee, PARK Joonbum, NAM Seung-Geol, SHIN Yun-Sok, KIM Jun Sung, LEE HuJong
Pohang University of Science and Technology, Department of Physics.
In this talk, we report on observation of the Josephson effect through the surface conducting channels in Bi1.5Sb0.5Te1.7Se1.3
(BSTS) three-dimensional (3D) topological insulator (TI) single crystals. 3D TIs are characterized by the presence of an
inverted band gap in their bulk state and a gapless Dirac band on their surface state, which induce a topologically protected
surface conducting channels. Recently, many experimental schemes have been proposed to search for Majorana fermionic
excitations [1] at an interface between an s-wave superconductor (S) and a TI, where spinless px+ipy superconductivity is
predicted to appear. In this study, as an initial step toward searching for a Majorana fermionic state, we fabricated hybrid S-TI-S
devices with surface-dominant conduction [2] and studied their electronic transport properties at temperature of 10 mK. In a
junction with 200 nm spacing between aluminum (Al) electrodes, we observed an clear Josephson critical current (Ic) as large as
120 nA, corresponding to IcRN /e ~ 10 mV. Modulation of the critical current in a perpendicular magnetic field, i.e., the
Fraunhofer pattern, persisted up to the superconducting critical field (~120 G) of Al electrodes, which could be described by the
enhanced supercurrent distribution at the junction edge arising from the side surface contribution. Interestingly, we also
observed non-local current flowing on the surface of TIs, which could not appear in trival 3D materials. With modulating Ic of
Josephson junction by magnetic field, a Fraunhofer-like non-local voltage signal was picked up between two normal Au
electrodes that were arranged in a nonlocal way away from the source-drain electrodes. These features strongly suggest
establishment of the Josephson coupling via the surface conducting channels of our Bi1.5Sb0.5Te1.7Se1.3 3D TI single
crystals. [1] L. Fu and C. L. Kane, Phys. Rev. Lett. 100, 096407 (2008).[2] J. Lee and H.-J Lee. Phys. Rev. B 86, 245321 (2012)
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Observation of Short Ballisticity in Vertical Graphene Josephson Junctions

,
POSTECH
.
We report on the experimental determination of the current-phase relation (CPR) in vertical graphene Josephson junctions
(vGJJs). CPR can provide concrete confirmation of the short ballisticity of vGJJs, which has been predicted since 1970’s but
never been realized in scalable hybrid systems. The vGJJ, realized by vertically sandwiching a graphene monolayer between
two Al electrodes, has atomically short channel length with highly transparent contacts for coherent short ballistic junction
nature. Using phase-sensitive dc-SQUID interferometry, we observed an almost perfectly skewed CPR of vGJJs to rigorously
substantiate the short ballisticity. CPR also provides energy spectrums of Andreev level formed inside the junction, which
provide a promising prospect for scalable quantum information devices such as Andreev level qubits. This vertical junction
scheme is also readily extendable to the other cleavable materials such as three-dimensional topological insulators or transitionmetal dichalcogenides, opening a new pathway for discovering the exotic coherence phenomena arising on an atomic scale.

DG-57*

Direct Confirmation of the Surface-dominant Current Distribution in Three-dimensional
Topological Insulators
LEE Janghee, LEE Jae-Hyeong, PARK Joonbum, KIM Jun Sung, LEE Hu-Jong
POSTECH.
Topological insulator (TI) is a new quantum state of matter whose surface supports topologically protected surface state (TSS)
with an insulating bulk state. Previous transport studies on three-dimensional (3-D) TIs have been focused on characterization of
the TSS. In this study, by concurrent measurements of local and nonlocal resistance of a Bi1.5Sb0.5Te1.7Se1.3 single-crystal flake,
we report a direct evidence of the surface-dominant current distribution in a 3-D TI. Observed large nonlocal resistance
indicates that the electronic properties of TI crystals cannot be determined by measurement of the local resistance only. We
demonstrate that each conductance of top and bottom surfaces can be determined by matching the experimental results with the
numerical simulation. This means that both local and nonlocal resistances are required to determine the surface conductance of a
3-D TI. In this context, the previously reported results on transport properties of 3-D TIs should be carefully reexamined. Our
study provides a highly reliable means of characterizing the fundamental surface conducting properties of the TSS of 3-D TIs.
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First Principle Study on Elastic and Electronic Properties of γ-Graphyne Nanotubes

LEE Hyun Soo, KANG Seoung-Hun, PARK Sora, LEE Chang-Sun,
KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
Using first-principles density functional theory, we study the interplay
between structural and electronic properties of γ-graphyne nanotubes
(γGNTs) consisting of hexagonal carbon rings and acetylenic linkages.
The equilibrium structures of various γGNTs are identified and their
cohesive energy calculated as a function of diameter is found to converge
to that of a 2D graphyne sheet in a large diameter limit. We calculate their
Young's moduli to be a few hundreds in GPa. It is found that strain,
especially compressive one makes acetylenic linkages bent to form different types of carbon bonds. We also find that the axial
strain significantly modify the electronic structures of γGNTs, which are intrinsic semiconductors with direct band gap (0.6~0.7
eV) independent of their chirality and diameter. The most intriguing changes occur in armchair γGNTs, where semiconductormetal transition occurs under compression, while the band gaps of zigzag γGNTs become smaller due to both compressive and
tensile strains. To explain the origin of such electronic structure modifications, we examine changes in the band structures of 2D
γ-graphyne layer under the strains and match them in γGNTs using the zone-folding scheme.
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Quantum Oscillations of Topological Superconductors CuxBi2Se3

PARK Joonbum, KAMPERT E.1, KIM J. S.
Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea. 1Dresden High Magnetic Field
Laboratory, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, D-01314, Germany.
We present the doping-dependent superconductivity in topological superconductors CuxBi2Se3. Using the electrochemical
intercalation and the post-annealing, we have successfully synthesized Cu-intercalated Bi2Se3 single crsytals with the copper
contents ranging from x = 0 to x = 0.5. From the magnetic susceptibility measurements, we observed the superconducting
transition at Tc = 3.5 K with superconducting volume fraction reaching up to 80%. With these crystals, we observed Shubnikovde Haas oscillations at high pulsed magnetic field up to 62 T. We found systematic doping dependence of the Fermi surface size
and the cyclotron mass. Comparison with previous studies on Cu-intercalated Bi2Se3 will be presented.

DG-61*

Electronic nematicity in SmFeAsO proven by torque magnetometry

OK Jong Mok, EOM M. J., JO Y.J.1, KIM J. S.
Departement of Physics, Pohang University of Science and Technology, Pohang. 1Department of Physics, Kyungpook National
University, Daegu.

We investigate the electronic nematicity of the undoped SmFeAsO, a parent compound of the high-Tc pnictides,
using precise measurements of torque magnetometry. High-quality single crystals of SmFeAsO were successfully
grown out of NaAs flux. The in-plane nematicity of SmFeAsO single crystals was found by the two-fold oscillation
of the magnetic anisotropy under the in-plane field rotation, suggesting the spontaneous breaking of the C4
tetragonal symmetry. Similar to the BaFe2As2, the electronic nematicity develops at ~ 180 K, well above the
tetragonal-orthorombic structural transition TTO ~ 137 K and the spin ordering temperature TS ~ 130 K. Our
findings provide the thermodynamic evidence of the nematic transition, consistent with the recent NMR studies on
the struncturally-similar parent pnictide LaFeAsO.
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Scanning Josephson Tunneling Microscopy on Bi2Sr2CaCu2O8

LEE Jinho, JOO Sang Hyun1, YOO Junghoon1, PARK Min Seok1, KIM Jae-joon1, LEE Inhee2, KIM Chung Ku2, DAVIS J.C3
Department of Physics, Seoul National Univesity. 1Department of Physics, Seoul National University. 2CMPMS Department,
Brookhaven Natioanl Laboratory. 3LASSP, Department of Phsics, Cornell University.
We report realization of Scanning Josephson Tunneling Microscopy (SJTM) on Bi2Sr2CaCu2O8+δ (BSCCO) using BSCCO tip
at 4K. Josephson junction is created by attaching a small piece of BSCCO to the tip in situ. Current-voltage characteristics show
I-V characteristic typical of Josephson junction and Zero Bias Conductance Peak (ZBCP) was observed which agree with the
thermally fluctuated phase diffusion model. We estimated IcRN values at different RN and although they are smaller than the
theoretical values calculated using Ambegaokar-Baratoff theory (AB theory), they are proportional to the known gap size, Δ.
We demonstrated Spectroscopic Imaging Scanning Josephson Tunneling Microscopy (SI-SJTM) by creating spatial maps over
200A 200A on BSCCO.

DG-63*
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3d electronic structure studies on superconducting CaC6
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Since the discovery of superconductivity in CaC6 which have relatively high transition temperature among other GICs, there
have been a lot of reports that show brief evidences related to origin of superconductivity in CaC6. However, it is still under
debate what the main source to make such superconductivity is. To elucidate the origin of superconductivity in GICs, it is
necessary to check the existence of intercalant driven state around their low binding state. Therefore, we performed photon
energy dependent angle-resolve photoemission spectroscopy measurement at CaC6 to check the existence of 3d dispersive band.
Our results show that there is no intercalant driven state, but, instead there is only 3d dispersion on carbon band that similar to
graphite.
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Electronic anisotropy and orbital ordering in iron pnitides observed by ARPES and XAS
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A central issue in iron pnitides is the origin of electronic anisotropy observed by in-plane resistivity measurement and QPI
pattern of STM. It is considered that its role in iron pnitides is important to the nature of magnetism and superconductivity. It
has been reported that ARPES clearly demonstrates an in-plane electronic anisotropy characterized by a large energy splitting of
two orthogonal bands with dominant dxz and dyz character, which is consistent with anisotropy observed by other probes. It is
still vague to make a conclusive remark on the electronic anisotropy which cannot be understood by structure and magnetic
transition in iron pnitides. An additional effect is needed to explain such anisotropy and it was proposed that orbital ordering
may play a key role. Since X-ray linear dichroism(XLD) can observe different occupation numbers for dyz and dzx orbitals, it is
regarded to provide an experimental signature for the existence of orbital ordering(OO). The work was motivated by the goal of
exploring whether the orbital ordering and its fluctuation would explain the underlying mechanism on magnetism and
superconductivity. We performed temperature dependent measurements both ARPES and XLD on an iron pnictide system, Ba
(Fe1−xRux)2As2, to experimentally verify existence of electronic anisotropy and OO. By comparing transition temperatures
determined by these experiments we can elucidate the relation between electronic anisotropy and OO. .

DG-65

Observation of Photon Number Splitting in Superconducting Circuit QED

HA Dong-Gwang, SHIM Seung-Bo, PARK Jung Hwan, SONG Woon, CHONG Yonuk
Korea Research Institute of Standards and Science.
When a superconducting qubit, a two level system made of a Josephson junction, is coupled to a high-Q microwave resonator
(cavity), the description of the system is called as circuit quantum electrodynamics(QED). We have built a superconducting
qubit system in KRISS where we can perform variety of circuit QED measurements, and can reproduce many interesting results
that have been done in cavity QED. Here we will report our preliminary experimental results on the observation of level
splitting in a superconducting qubit by the photon number state of the mocrowave field in the cavity. The photon number
splitting is due to the strong coupling between the qubit and the cavity. We observed its dependence on various parameters. The
result will be discussed in the strong dispersive regime of the Jaynes-cummings model.
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DG-66

Mesoporous Silica: A Highly Potential and Compatible Candidate for Theranostic

Applications

GANDHI Sakthivel, KWON Bong-Joon, WOO Hyun-Joo1, SHIN Dong-Soo2, JANG Kiwan1
Changwon national university, Research institute of basic sciences. 1Changwon national university, Department of
physics. 2Changwon national university, Department of chemistry.
A simple post-co-precipitation strategy is adopted for the construction of mesoporous silica frame work in which the rare earth
gadolinium oxide is incorporated as an emissive probe for optical and bio-medical applications. The samples show good
emission along with the required theranostic properties. Under blue region, a better red emissive behavior is observed in the
case of Eu3+ doped sample while the Sm3+ and Eu3+ co-doped sample exhibit the same under the near ultra-violet region. A
clear confocal microscopy image shows a red spot, and thus its potential towards trackability is confirmed. This material shows
a good luminescence property along with the desired internal-external morphology& a narrowly ordered porosity can validate
the application of these materials in multi-faceted fields such as phosphors for LEDs, bio-imaging, theranostics etc..

DG-67

Three-Step Ferroelectric Polarization Switching in BiFeO3 Thin Films

YANG Chan-Ho, LEE Jin Hong, CHU Kanghyun, KIM Kwang-Eun
Department of Physics, KAIST, Daejeon 305-701, Republic of Korea.
Strain engineering in multi-functional oxide thin films has been essential to control their physical properties and ground states.
Recently, misfit strains on multiferroic BiFeO3 thin films have strongly affected their crystal symmetry, order parameters and
phase transition temperatures which led to a highly-elongated tetragonal-like phase and an orthorhombic phase. Such sensitivity
to strains has attracted many researchers to study strain effects on bismuth ferrite thin films. By introducing a uniaxial strain into
bismuth ferrite thin films, we have realized electrically switchable three distinct polarization states along the film normal
direction. Through piezoresponse force microscopy analysis, X-ray reciprocal space mapping and Landau free energy modeling,
we have investigated the detailed mechanisms in our system. In this presentation, we will discuss on a new method to
materialize the three-step ferroelectric polarization switching in ferroelectric thin films. Our findings provide a chance to
fabricate denser data storages.
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Synthesis and Characterization of Carbon Nanotubes/Pb(Zr0.52Ti0.48)O3 Nanocomposites

HAN Jin Kyu, KWAK Jin Ho, KIM Jongok, BU Sang Don
Department of Physics, Chonbuk National University.
Carbon nanotubes (CNTs) embedded in ferroelectrics matrix have
attracted a considerable attention in recent years because of their possible
applications to the development of nonvolatile memory devices and
nanogenerators. However, the previously reported CNTs-ferroelectrics nanocomposites so far have been fabricated in bulk
ceramics or thick films which need a large operating voltage. One way to reduce the operating voltage of a device is to decrease
the thickness of the film down to few hundred nanometers. We report a successful fabrication of 300 nm thick carbon nanotubes
and Pb(Zr0.52,Ti0.48)O3 nanocomposite thin films (CNT-PZT NTFs) with as low as 500 °C annealing temperature in H2/N2
atmosphere. Figs. (a) and (b) show that the field emission scanning electron microscopic and atomic microscopic analysis of
surface of CNT-PZT NTFs, respectively. We found that the nanocomposite films annealed in H2/N2 atmosphere exhibits the
surface including well-dispersed CNTs. The measured dielectric constant and loss tangent of the CNT-PZT NTFs show that
annealing duration of 30 min promotes the optimum dielectric properties of the nanocomposite films. Our observations suggest
that the annealing atmosphere and duration are important parameters in controlling the crystallization behavior hence the
dielectric properties of the nanocomposite films, which can be readily applicable to other nanocomposite films. Fig. (c) is a
transmission electron microscopy (TEM) image showing the crystallization behavior of the PZT nanocrytals on the surface of
the MWCNTs. (a) FESEM and (b) AFM images of CNT-PZT NTFs annealed in H2/N2 atmospheres, (c) TEM image of PZT
nanocrystals grown onto the surface of MWCNT
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Probing of surface polarization of epitaxially grown PbVO3

JO William, OH Seol Hee, SHIN Ran Hee
Ewha Womans University, Department of physics.

μ

DG-72

Nuclear Magnetic Resonance in ferromagnetic multilayers and nanocomposites

MENY Christian
Institute of Physics and Chemistry for Materials of Strasbourg.
Nuclear Magnetic Resonance (NMR) is a technique that is very commonly used in medicine, chemistry or biology, but it is
much less used for studying ferromagnetic materials. However when used to study ferromagnetic materials, it has the ability to
provide, simultaneously and at the same scale, information about the local structure (crystallographic structure, chemical
environment) as well as about the local magnetic properties of the probed atoms. For this purpose we have developed 3D NMR1
in ferromagnets that allows visualising simultaneously the structural and the magnetic in-homogeneities into the studied
samples. The magnetic information is recorded in the form of a local magnetic stiffness (inverse of the transverse susceptibility:
~1/c). A detailed description of this aspect of NMR will be given during the talk. In the second part of this presentation I will
exemplify the use of NMR for the study of ferromagnetic materials with different recent studies: confirming the ferromagnetic
character of strained Mn films (Collaboration with Prof. Cho, Ulsan University); studying the interfaces of Co/Pt multilayers
(Collaboration with Prof. Lim, Korea University); probing the crystallographic structure within the size distribution of dispersed
Co nano-particles
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Effects of Carrier Fluid Drying on the ac Susceptibility of Aqueous Magnetite

Nanoparticles

YOON Sunghyun
Department of Physics, Gunsan National University.
Temperature and frequency dependence of the ac magnetic
susceptibilities are measured for 13 nm magnetite in aqueous and in dried
samples. Two thermal activation type relaxation peaks were observed in
the same sample. Quantitative analyses using the Néel-Arrhenius and the
Vogel-Fulcher models show that a single particle relaxation from isolated
nanoparticles embedded in a frozen carrier fluid and a relaxation from
clustered particles coexist. Particles in the clusters experience an
additional energy barrier represented by a simple shift T0 ~ 61 K in
imaginary part of susceptibility due to the inter-particle dipolar
interaction.
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DG-75

Low temperature exchange bias effect in Co thin films on GaAs(100)

,

,
, DUONG AnhTuan,
,
.
Co is one of ferromagnetic materials which has been used in real applications such as magnetic data storage, spin valve, and
microelectronic devices because Co plays an important role due to high spin polarization of carriers at Fermi level. In this work,
we report the magnetic properties of Co thin films grown on GaAs(100) substrates grown at 100, 200, 300, and 400 oC using
molecular beam epitaxy (MBE). The surface of samples observed in AFM studies showed that the roughness increased from
11.7 to 26.7 nm when the growth temperature increased from 100 to 400 oC. Temperature dependent resistivity showed metallic
behavior. The magnetoresistance measured under the out of plane magnetic field showed that a high positive transverse MR
effect was observed in Co thin film grown at 100 oC and reduced with the increase in growth temperature. We will discuss in
detail about growth temperature dependent magnetic properties in epitaxial Co thin films.

DG-76

Bi2Fe4O9-Fe3O4 nanocomposite thin film: MBE growth and magnetic properties

, DUONG AnhTuan,
, NGUYEN VanQuang,
,
.
The mullite-type orthorhombic Bi2Fe4O9 is a well known multiferroic material, which is ferroelectric and antiferromagnetic
with TN = 260K.[1] Magnetite Fe3O4 was known as one of the important ferromagnetic oxides for spintronic devices due to
its high spin-polarization at room temperature, high Curie temperature (TC = 860 K) and high room temperature
magnetoresistance (MR).[2,3] The combination of ferroelectric phase and ferromagnetic phase in nanostructure composite
enables us to control electrical polarization by magnetic field and vice versa. Recently, there are some interesting reports in
nanocomposite systems. For example, E. Weal et al reported the large saturation magnetization (MS), 900 emu/cm3, in BiFeO3–
Fe3O4 nanocomposite.[4] L. Yan et al reported that, BiFeO3–CoFeO4 nanocomposite possessed the saturation polarization of 60
mV/cm2 and magnetization of 410 emu/cm3.[5] S. N. Babu et al reported that BiFe0.5Cr0.5O3–NiFe2O3 composite has a larger
magnetization and dielectric constant than those of both parent compounds.[6] Here we report on the structural and magnetic
properties of Bi2Fe4O9-Fe3O4 nanocomposite thin films grown on LaAlO3 substrate by MBE. X-ray diffraction and FE-SEM
image revealed the epitaxial nanocomposites consisting of two single crystal phases; orthorhombic Bi2Fe4O9 and fcc Fe3O4.
The temperature dependent resistivity showed the Verwey transition temperature (TV, a first order metal-insulator transition of
Fe3O4) of 100 K. The 1.4% MR in 7.5 kOe was observed at 150 K. The saturation magnetization at room temperature is

140emu/cm3. The temperature dependent magnetization in 0.5T showed the Néel temperature (TN) of Bi2Fe4O9 is about 260K.
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Temperature-dependent Structural and Magnetic Properties of Diamagnetic HgI2

PARK C.-I., SON J.-K., JIN Zhenlan, HWANG I.-H., YEO S.-M.1, HAN S.-W.
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756,
Korea. 1KAERI (Korea Atomic Energy Research Institute), P. O. Box 105, Yuseong, Daejeon 305-600, Korea.

DG-78*

Quantum Monte Carlo Study of the Cohesion Energetics of Carbon Allotropes

KWON Yongkyung, SHIN Hyeondeok, KANG Sinabro, LEE Hoonkyung, KIM Jeongnim1
,
. 1Oak Ridge National Laboratory, Materials Science and Technology Division.
Quantum Monte Carlo (QMC) calculations as well as density functional theory (DFT) calculations have been performed to
study the cohesion energetics of carbon allotropes, including sp3-bonded diamond, sp2-bonded graphene, sp-sp2 hybridized
graphynes, and sp-bonded carbynes. We have found that the DFT calculations based on the Perdew-Burke-Ernzerhof (PBE)
exchange-correlation potential significantly overestimate the cohesive energies of these carbon-based materials. The degree of
the PBE overestimation is found to vary depending on the bonding nature of the carbon atoms; it is the smallest for diamond
and increases as the ratio of sp-bonded carbon atoms increases. This suggests that the PBE predictions for the energetic
stabilities of sp-sp2 hybridized two-dimensional carbon networks such as graphynes, relative to graphene, should be considered
with a great deal of caution. On the other hand, the QMC cohesive energies of diamond and graphene, corrected by their
respective zero-point energies along with the interlayer binding energy in the case of graphite, are in excellent agreements with
the corresponding experimental values for diamond and graphite, respectively. The QMC results for the cohesive energies of
graphynes have revealed their systematic decrease with the increase of the ratio of sp-bonded atoms, which is expected to
provide a guideline for the cohesion energetics of sp-sp2 hybridized carbon structures. Finally, the cohesive energy of agraphyne, the most energetically-stable graphyne, turns out to be significantly smaller than that of graphene, which explains
experimental difficulty in synthesizing these newly-proposed two-dimensional carbon networks.
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DG-79*

First-Principles Study on Oxygen- and Fluorine-DrivenPartially Unzipped Carbon

Nanotubes

LEE Hyung-June, KIM Gunn1, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University. 1Department of Physics and Graphene Research
Institute, Sejong University.
Unzipping carbon nanotubes (CNTs) have recently attracted an interest
as a promising route to synthesizing semiconducting graphene
nanoribbons (GNRs). Using first principles, we compute the band
structures of partially unzipped armchair carbon nanotubes (PUCNTs)
driven by oxygenation and fluorination. It is shown that the O-driven PUCNTs has many localized states in the valence band
arising mainly from the O 2p orbitals, and preserves metallic properties. However, as the unzipping process continues further,
PUCNTs become semiconducting with a gap open at the Fermi level. We also research the quantum electronic transport
properties of these two types of PUCNTs using Green’s function approach within a ballistic scheme. We find that there is a
carrier charge depletion region on the back side of the open part resulting in the conductance dips, which blocks some of the
conduction channels.

DG-80*

First-Principles Electronic Structure and Transmission Calculations of Spin-Filtering
Carbon Nanotubes with Magnetic Impurities
KHAN Muhammad Ejaz, KIM Yong-Hyun
Graduate School of Nanoscience and Technology, KAIST.
Carbon nanotubes (CNTs), after their discovery have been remained as extensive interesting research subject due to their unique
electrical and electronics properties that make them suitable candidate for novel device applications in nanoelectronics. In
addition to that, at nanoscale CNTs have ballistic nature of transport with longer spin relaxation length. Moreover, electron spin
can be used for transmission of information as the spin-flip scattering length is at least 130 nm, which attracts the attention of
researches to utilize this property for practical application of CNTs in spintronic devices. In this study, we investigate spintransport properties of single wall metallic and semiconducting carbon nanotubes with isolated ferromagnetic (FM) defect based
on results of first-principles density functional theory calculations. Thermodynamically stable vacancy consisting of a zigzag
triangular hole acts as magnetic defect with localized impurity states at the zigzag edges. The contribution of π- and π*eigenchannel in the total transmission for particular spin-states at specific energy establishes an understanding about π-pass
filter or spin-filter effect by suppression of either of π- and π*-channel or both of them, respectively. An experimentally
reachable transverse external electric field is applied which alters the defect states localized at the defect site to tune particular
spin-states at Fermi level. We also propose that spin orientation at Fermi energy can be reversed by switching the polarity of
transverse electric field to achieve desired type of spin-filter device.
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First-principles Study of Atomic Si Defects in Graphene

KIM Na-Young, LEE Eui-sup, KIM Yong-Hyun
Graduate School of Nanoscience and Technology, KAIST, Daejeon 305701, Korea.
In recent experiments, atomic Si defects were routinely found in
chemical vapor deposition (CVD) grown graphene on Ni or Cu substrate.
Because of the proximity between the graphene and the metal substrate, it
may be natural to expect Ni or Cu incorporation into graphene, rather
than Si from distant SiO2 substrate. In this work, using results of firstprinciples density-functional theory calculations, we analyzed why graphene prefer Si to Ni or Cu as an atomic impurity. We
investigated formation energetics of divacancy and X-divacancy (X = Si, Ni, Cu) complexes in graphene with various divacancy
pores of ClNm On configurations Our theoretical study suggests that Si-C2N2 complex is very stable in terms of formation
energy and binding energy, compared to other defect configurations.

DG-82*

Native Defects and Impurity doping in Single Layer MoS2

NOH Ji-Young, PARK Minkyu1, KIM Yong-Sung1, KIM Hanchul
Department of Physics, Sookmyung Women's Univeristy. 1Korea Research Institute of Standards and Science (KRISS).

Single layer MoS2 is a direct band gap semiconductor with the band gap of 2.8 eV (fundamental) and 1.9
eV (absorption) while bulk MoS2 is well known to be an indirect band gap (1.3 eV) semiconductor. Single
layer MoS2 has large electron mobility up to ~200 cm2V-1S-1 (in HfO2/MoS2/SiO2) and high current
on/off ratio of ~108. We have carried out first-principles calculations on the atomic and electronic
structures of the single layer MoS2 with various native point defects (VS, VMo, Si, Moi) and substitutional
doping (XS, XMo), for all possible charge states and investigated the formation energies and transition
levels of the defects. The charged defect calculations were performed for various supercell sizes and
formation energies and transition level following the supercell sizes are compared for charged defect
corrections at surface.
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Electronic Band Structures and Wavefunction Properties of High-Mobility Nanosheet
Semiconductor, MoS2
BAIK Seung Su, LEE Hee Sung1, IM Seongil1, CHOI Hyoung Joon
Center for Computational Studies of Advanced Electronic Material
Properties, Yonsei University, Seoul 120-749, Korea. 1Department of
Physics and IPAP, Yonsei University, Seoul 120-749, Korea.
Molybdenum disulfide (MoS2) nanosheet is regarded as one of the most
promising alternatives to the current semiconductors due to its significant
band-gap and electron-mobility enhancement upon exfoliating. To figure
out such thickness-dependent properties, we have studied the electronic
band structures of bulk and monolayer MoS2 by using the first-principles
density-functional method as implemented in the SIESTA code. Based on
the wavefunction analyses at the conduction band minimum (CBM)
points, we have investigated possible origins of mobility difference
between bulk and monolayer MoS2. We provide formation energies of
substitutional impurities at the Mo and S sites, and discuss feasible electron sources which may induce a significant difference
in the carrier lifetime. This work was supported by NRF of Korea (Grant Nos. 2009-0079462 and 2011-0018306), NanoMaterial Technology Development Program (2012M3a7B4034985), and KISTI supercomputing center (Project No. KSC-2013C3-008).

DG-84*

Effect of interface Ge atoms on the segregation of B dopants in SiGe/SiO2 interface

LEE Chang Hwi, OH Young Jun, KIM Geun-Myeong, CHANG Kee Joo
KAIST, Department of Physics.
In metal-oxide-semiconductor field-effect transistors (MOSFETs), SiGe alloys have been considered as a promising material
for p-type devices due to high hole mobility. Boron is widely used as a p-type dopant in Si and SiGe. It is well known that B
easily segregates to oxide in Si/SiO2 interface upon ion implantation followed by thermal annealing. However, the segregation
behavior of B dopants in SiGe/SiO2 interface has not been studied yet.In this work, we investigate the mechanism for B
segregation and the effect of interface Ge atoms on B diffusivity in SiGe/SiO2 interface through first-principles density
functional calculations. We generate the atomic model for the SiGe/SiO2 interface, in which α-quartz is placed on the (100)
surface of SiGe. The Si0.75Ge0.25 alloy is generated by using the special quasi-random structure approach. We find that an
interstitial B in SiO2 is more stable than a defect complex consisting of a substitutional B and a self-interstitial in SiGe,
indicating that B tends to diffuse from SiGe to SiO2. However, interface Ge atoms significantly enhance the stability of Brelated defects in the interface region and thereby suppress the segregation of B dopants, in contrast to Si/SiO2 interface.
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Dependences

Revisiting the Dynamic Properties of BaTiO3 Polytypes: Hybrid Calculations and Pressure-

SEO Yu-Seong, AHN Jai Seok
Department of Physics, Pusan National University.
We report our first principles investigations on three polytypes of BaTiO3 (BTO): paraelectric (PE) cubic Pm-3m and two
ferroelectric (FE) phases, tetragonal P4mm and rhombohedral R3m. We compared electrical and vibrational properties using
various exchange-correlation functionals, including density functional theory (DFT), Hartree-Fock (HF) approximation, and
their hybrids: HF, LDA, two GGAs (PWGGA and PBE), and four hybrid functionals (B1WC, B3LYP, B3PW, and PBE0).
Pressure dependences were calculated with B3PW hybrid functional for cell parameters, fractional atomic displacements,
energy gaps, and dielectric constants, and FE polarizations. As pressure increases, polarization decreases monotonically until it
is reduced to zero at critical pressure ~ 20 GPa on both P4mm and R3m. Anomalous behaviors were also observed in atomic
movements and polarizations of P4mm. Furthermore, we report our first principles investigations on phonons of three polytypes
BTO. By calculating the phonon modes as a function of pressure (P = −15 ~ 230 GPa), we demonstrated that theoretical
trajectories of pressure-sensitive modes of FE phases showed softening and converged to the modes of PE phase at pressure
below ~ 10 GPa. As pressure is applied further beyond ∼50 GPa to the cubic PE phase, the lowest F1u mode softens again and
diverges into two separate modes of tetragonal FE P4mm at above∼150 GPa. These phonon-branching behaviors at high
pressures provide a clear reconfirmation of the re-entrant ferroelectricity. The high-pressure-re-entrant FE polarization was not
found in the rhombohedral structure. Instead, the centrosymmetricR-3m phase was favored at above ∼30 GPa.

DG-86*

Quasiparticle GW calculations of the effective work function at TiN/HfO2 interface

OH Young Jun, LEE Alex Taekyung, NOH Hyeon-Kyun1, CHANG Kee Joo
KAIST, Department of Physics. 1Samsung Electronics Co. Ltd..
High-k/metal gate stacks have been proposed as a solution to many problems that arise as the size of metal-oxide-semiconductor
field-effect transistors becomes smaller. In high-k/metal gate stacks, it is important to control the metal work function such that
the effective work function (EWF) should be around 4.05 eV in n-channel devices whereas 5.15 eV in p-channel devices. In the
standard approach, using the local-density-functional approximation or the generalized gradient approximation (GGA), the
Schottky barrier height is underestimated, resulting in the overestimation of the EWF, because the band gaps of gate insulators
are underestimated.
In this work we calculate the effective work function of TiN on HfO2 through density functional calculations. We consider two
interfaces which consist of either Ti-O or N-Hf interface bonds and find that the EWF is significantly affected by the interface
bonding. The GGA approach underestimates the Schottky barrier height and thereby overestimates the EWF. To improve the
band gap of HfO2, we also perform both hybrid functional and quasiparticle GW calculations. In quasiparticle calculations, the
band gap and the band edge position of HfO2 depend on the level of self-consistency and the type of the dielectric function.
With including a GW0 correction to the valence band edge of HfO2, we obtain the EWF in good agreement with experiments.
On the other hand, the EWF is underestimated with the hybrid functional because of the larger shift of the valence band edge
level of HfO2.
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Soft Vibration Driven Hydrogen Storage at Room Temperature: Lesson from FirstPrinciples Thermodynamics

KIM Yong-Hyun, WOO Sung-Jae, LEE Eui-Sup, YOON Mina1
Graduate School of Nanoscience and Technology, KAIST. 1Oak Ridge National Laboratory, Oak Ridge, U.S.A..
Hydrogen storage has been considered as good renewable energy technology due to high energy denstiy and the enviromentallyfriendly nature. However, the efficiency and cost at ambient conditions are not satisfactory because H2 interact either too weakly
or strongly with materials. For room temperature hydrogen storage, it has been widely accepted that an optimal solution would
be obtained with an intermediate binding strength between physisorption and chemisorption, for example, Kubas interaction.
Here, we report the finite-temperature adsorption and desorption thermodynamics of H2 adsorbed on the metal-porphyrinincorporated graphene (M-PIG), based on the first-principles density functional theory calculations. Binding strengths and
vibration spectra are calculated for Zn-, Ca-, Mn-, V- and Ti-PIG. We find that enhanced H2 adsorption is accompanied by an
enhanced zero-point energy and reduced entropic free energy gain at finite temperature. We suggest not only typical Kubas
interaction such as H2 on Ti-PIG but also Kubas type weak interaction such as H2 on Ca-PIG can be optimal solution for room
temperature hydrogen storage. We also find that the soft vibration modes mostly result from multiple orbital coupling between
the H2 and the buckled metal center. Our study suggests that the current design strategy for room temperature hydrogen storage
materials should be modified with considering the finite-temperature vibration thermodynamics. The soft vibration-dominant
finite-temperature thermodynamics would be generally applicable for many energy conversion and storage physicochemical
processes. [1][1] S.-J. Woo, E.-S. Lee, M. Yoon, and Y.-H. Kim, Phys. Rev. Lett. 111, 066102 (2013)

DG-88*

Lattice Thermal Conductivity of Silicon Nanowires

KIM Yong-Sung, PARK Minkyu
,
.
We calculated lattice thermal conductivity (ᴋ) of silicon nanowires (SiNWs) using large-scale classical molecular dynamics
simulations. Non-equilibrium molecular dynamics (NEMD) method is adopted to calculate the ᴋ of SiNWs [1-3]. Li et al.
measured the ᴋ of suspended SiNWs, and it showed that the ᴋ of SiNWs is more than two orders of magnitude lower than the
bulk value and the cross-sectional size-effect on ᴋ becomes more obvious as decreasing the diameter of samples [4]. Here, we
investigated the dependence of the ᴋ on the wire lengths (up to 400 nm) and cross-sectional areas (up to 8.2 8.2 nm2), and
obtained the phonon mean free paths and the macroscopic diffusive thermal conductivities of SiNWs.[1] Qiu, B. et al., Appl.
Phys. Lett. 2012, 100, (23), 233105-4.[2] Pei, et al., Carbon 2011, 49, (14), 4752-4759.[3] Nose, S. J. Chem. Phys. 1984, 81,
(1), 511-519[4] Li D. et al., Appl. Phys. Lett., 2003, 38, (14), 2934-2936
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Near-ambient-pressure XPS: a tool for in-situ observation of surface dynamic processes

KONDOH Hiroshi
Department of Chemistry, Keio University,3-14-1 Hiyoshi, Kohoku-Ku,
Yokohama 223-8522, Japan.
Fig.1: Illustration of the main chamber of NAP-XPS system at the
Photon Factory (KEK-PF). Inset: Configuration around a sample in the
main chamber. The synchrotron-based in situ observation of dynamic
processes at surfaces and interfaces is useful to understand microscopic
mechanisms of various material- and energy-conversion systems such as
heterogeneous catalysts, fuel cells and batteries. Particularly much
attention has been paid to in-situ observation of such systems under
realistic working conditions. The near-ambient-pressure x-ray
photoelectron spectroscopy (NAP-XPS) enables us to measure XP spectra
from solid surfaces under the presence of gas-phase species at pressures
up to a few Torr and hence is one of promising techniques for the in-situ
observations under working conditions. Recently we have developed a NAP-XPS end-station at the Photon Factory and applied
this technique to studies concerning surface dynamic processes such as catalytic surface reaction and activation of surfaces
under reaction conditions.
The NAP-XPS end-station was built by combining an electron energy analyzer with a home-made
differential pumping system as shown in Fig. 1. This system was installed at a soft-x-ray undulator beamline BL-13A at KEKPF, together with two vacuum chambers for sample preparation and exchange. The x rays are introduced from the beamline
through a Si3N4 window with a thickness of 100 nm and irradiated on a sample which is located approximately 1 mm apart from
an aperture with an entrance hole of 1 mm in diameter as illustrated in Inset of Fig. 1. With this condition our system allows us
to measure XP spectra for solid surfaces under NAP conditions up to 1 Torr. We applied this technique to in-situ observation
of model surfaces for the three-way catalysts under reaction conditions at near ambient pressures [1-3]. With this technique we
obtained XP spectra of the model surfaces for various model catalysts under the most active conditions and successfully
identified the catalytically active surfaces from the XP spectra. In some cases, core-level-shift (CLS) calculations based on the
density functional theory were used for the identification. The combination of NAP-XPS and CLS calculation is a useful tool to
understand the chemical species formed at surfaces under ambient-pressure conditions. Other application studies on ambientpressure-induced surface dynamic phenomena are also presented.(Fig.1: Illustration of the main chamber of NAP-XPS system
at the Photon Factory (KEK-PF). Inset: Configuration around a sample in the main chamber) References [1] R. Toyoshima et
al., J. Phys. Chem. C 116, 18691 (2012).[2] R. Toyoshima et al., J. Phys. Chem. Lett. 3, 3182 (2012).[3] R. Toyoshima et al.,
Surf. Sci. 615, 33 (2013).
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Development of Low Pressure Soft X-ray XAFS Measurement System

NAMBU Akira, UEDA Kazuhiro
Central Research Laboratory, Hitachi, ltd., Hatoyama, Saitama 3500395, Japan.
Many of soft X-ray instruments for surface science study are developed
for HV or UHV conditions. There are some reasons for this vacuum
condition. The first one is that HV or UHV is good for keep clean surface,
and the other is those vacuum conditions are also good for Soft X-ray
transmission. For the (especially) industrial research, UHV or HV is not
always ideal condition, because industrial products are often used in
atmospheric pressure. Also, it is impossible to study many interesting
reactions at solid surfaces such as catalytic reactions or the adsorption of small molecules on several surfaces under
environmental conditions with conventional soft X-ray instruments. In this presentation, we will show you our newly developed
apparatus for the soft x-ray absorption spectrum (XAS or XAFS) in low-pressure condition (Fig. 1). The apparatus consists of
three parts, the differential pumping system, main measurement chamber, and electron yields cell. The differential pumping
system allows us to connect low-pressure chamber to the UHV beamline without any widows. Our main chamber is a modified
glove box which has several CF flanges and its base pressure is ~100 Pa. We have tried to measure some XAFS spectrum for
several light elements such as Mg, Fe, Ti and so on. Figure 2 shows Ti L-edge spectrum under 100 Pa air. Other detail results
will be also discussed in the presentation.
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The First Near Ambient Pressure X-ray Photoelectron Spectroscopy (NAP-XPS) in
connection with in-situ Nano-Surface analysis system at KBSI

LEE Jouhahn
Material Science Research division, Korea Basic Science Institute, Korea.
The new materials such as graphene and other nano scale structured materials are attracting great attention due to its
expandability for the future electronic devices. Thus, the analytical information are essentially demanded from both academic
and industry involved with such new materials. Since 2010, we have been constructing the one-line in situ analytical system that
consists of high-end analysis instruments and a device fabrication process. Combining the process and the analysis should
provide essential information on basic science underlying the cutting edge of modern electronic devices as well as future nanoelectronics and material science. Currently new materials and the latest electronic devices utilizes number of wet-process so the
conventional UHV analysis system have physical limit. Therefore, it is not clearly understood that both physical and chemical
mechanism of behavior when it comes to the real devices. Near ambient X-ray photoelectron spectroscopy (NAP-XPS) extends
the potential of XPS analysis by making it possible to measure spectra under pressure conditions up to ~20 mbar, in contrast to
the ultrahigh vacuum (UHV) conditions required for conventional XPS. Due to a differential pumping system and a special
geometry of the apparatus, it is possible to measure gases and liquids with NAP-XPS in addition to solid samples. The elemental
surface composition and its spatial distribution, the quantitative and qualitative analysis of the surface, and the chemical state of
the vacuum incompatible samples such as wet process products will be obtained using NAP-XPS. Therefore, NAP-XPS will be
installed in KBSI for the first time in Korea. This latest instrument is going to be attached to the current in situ analysis system
at KBSI. In this presentation, the first NAP-XPS in Korea will be introduced with a variety of analysis techniques. Email
address: jouhahn@kbsi.re.kr
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Surface science and catalysis : behavior of bimetallic surfaces during CO oxidation

AIRES F.J. Cadete Santos
Institut de Recherches sur la Catalyse et L’Environnement de Lyon, IRCELYON (UMR 5256 CNRS/Université Lyon 1), Avenue
Albert Einstein. 69626 – Villeurbanne cedex. France..
A catalyst is a very divided material generally composed of active phase nanoparticles supported on a powder support. In such
configuration the synthesis methods generally lead to collections of supported nanoparticles in which a large number of
parameters vary (size distribution, exposed faces, chemical composition, …). In order to determine the influence of a given
parameter on the catalytic behavior of the catalyst it is thus essential to minimize the influence of other parameters. To a great
extent this can be done by using extended catalytic surfaces (singlecrystal, vicinal, polycrystal) where only a few (ideally one)
parameters vary (orientation/surface coordination, chemical composition, …). The study of these catalytic surfaces requires the
use of surface science techniques often developed for UHV operation. In recent years an effort has been made so that such
techniques can now be operated in (quasi) realistic reaction conditions and are able to yield information on the evolution of
catalytic surfaces (structure/morphology, chemical composition/segregation, …) in real-time during the catalytic reaction.In this
work we present the study of the evolution of Pd70Au30 (110) and Pt3Sn(111) surfaces during CO oxidation by several surface
science techniques developed either at laboratory level (environmental STM and PM-IRRAS) or within synchrotron facilities
(in situ SXRD at ESRF and Near Ambient Pressure XPS at ALS-Berkeley and SOLEIL).
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Exploring of Spin-polarized Surface States by Highly-Efficient Spin-Polarized
Photoelectron Spectroscopy

OKUDA Taichi
Hiroshima Synchrotron Radiation Center, Hiroshima University, 2-313,Kagamiyama, Higashi-Hiroshima 739-0046, Japan.
Recent findings of the spin-polarized electronic states caused by the spin-orbit interaction at the surfaces, such as Rashba spin
splitting states or topological surface states (TSS), motivates to realize the spin and angle resolved photoelectron spectroscopy
(SARPES) with higher energy and angular resolutions than the conventional SARPES measurement. The extremely low
efficiency of the spin detection with the conventional spin polarimeter, however, hampers to realize the high-resolution
SARPES measurement and much more highly efficient spin detector is strongly desired. Here we present our newly developed
highly efficient SARPES machine named ESPRESSO (Efficient SPin REsolved SpectroScOpy) which is the combination of
very low energy electron diffraction (VLEED) type spin detector using Fe(001)-p(1x1)-O target and the state-of-the-art
photoelectron analyzer[1,2]. By the ESPRESSO machine, high energy and angular resolutions (ΔE~10 meV, Δθ~ 0.2°) have
been realized in the SAPRES measurement[2]. In the presentation, some examples of the high-resolution SARPES
measurement combining with the energy- and polarization-tunable synchrotron radiation light from the Hiroshima Synchrotron
Radiation Center (HiSOR) for the investigation of detailed spin structures of TIs and Rashba spin splitting systems will be
addressed. [1] T. Okuda et al., Rev. Sci. Instrum. 79, 123117 (2008).[2] T. Okuda et al., Rev. Sci. Instrum. 82, 103302 (2011).
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High efficiency spin-resolved ARPES at the ALS

JOZWIAK Chris
Advanced Light Source, Lawrence Berkeley National Laboratory, USAKorea.
The demanding but powerful technique of spin-resolved ARPES has been gaining momentum due to an increasing demand for
probing the spin degree of freedom in a wide variety of materials. I will present the spin-resolved ARPES program at the ALS,
focusing on the “spin-TOF” analyzer and its use. This instrument was developed at the ALS for high efficiency spin-ARPES by
combining the time-of-flight technique with low-energy exchange-scattering. The unique capabilities of the system have
enabled the observation of numerous surprising spin-polarization effects in photoemission from the topological insulators, and I
will present some of these results. Finally, I will discuss other developments in progress to increase the throughput of spinresolved ARPES at the ALS.
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Direct Observation of Localized Spin Antiferromagnetic Transition in PdCrO2 by Angle-

Resolved Photoemission Spectroscopy

NOH Han-Jin, JEONG Jinwon, CHANGE Bin, JEONG Dahee, MOON Hyun Sook, CHO En-Jin, KIM Jun Sung1, KIM Kyoo1,
MIN B. I.1, LEE Han-Koo2, KIM Jae-Young2, PARK Byeong-Gyu2, KIM Hyeong-Do3, LEE Seongsu4
Department of Physics, Chonnam National University, Gwangju 500-757, Korea. 1Department of Physics, Pohang University
of Science and Technology, Pohang 790-784, Korea. 2Pohang Accelerator Laboratory, POSTECH, Pohang 790-784,
Korea. 3Center for Correlated Electron Systems, Institute for Basic Science, Seoul 151-747, Korea. 4Korea Atomic Energy
Research Institute, Daejeon, 305-353, Korea.
Angle-resolved photoemission spectroscopy (ARPES) has been one of the most powerful tools to investigate the electronic
structure of crystalline solids. With the help of the third generation synchrotron facilities and the electron spectrometers with
angle- and spin-resolved mode, ARPES now can be utilized for the study of the magnetic structure as well as the electronic one.
However, there is the last piece of the puzzle left in ARPES for magnetic structure study: observing a long range ordering of
localized magnetic moments. Actually, Fermi surface (FS) folding induced by many kinds of order other than localized
magnetic moments has been observed by ARPES. The most probable reason for this exception is that the potential difference by
localized moment ordering is so small that the band electrons can hardly feel the potential change, resulting in negligible or nondetectable changes in the photoemission signals. In this talk, I will present our recent successful ARPES measurements of a
localized spin antiferromagnetic transition in delafossite-type PdCrO2 [1]. Our observations give direct evidence for the spin
ordering pattern of Cr3+ ions in PdCrO2 suggested by neutron diffraction [2] and quantum oscillation measurements [3], and
provide a strong constraint that has to be satisfied by a microscopic mechanism for the unconventional anomalous Hall effect
recently reported in this system [4]. Also, this demonstrates a new pathway for investigation of magnetism in limited size of
two-dimensional crystals or multi-layer thin films that neutron scattering can hardly study due to lack of bulk compared to
surface. [1] H.-J. Noh et al., Scientific Reports, submitted (2013). [2] H. Takatsu et al., Phys. Rev. B 79, 104424 (2009). [3] J.
M. Ok et al., Phys. Rev. Lett. submitted (2013).[4] H. Takatsu et al., Phys. Rev. Lett. 105, 137201 (2010).
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Circular dichroism as a new probe of spin-orbital structure in multi-orbital surface

HAN J. H.
Sungkyunkwan Univ..
If recent years's PRL publication is any indication, circular dichroism experiment in the ARPES setup has emerged as a
popular and effective probe of the spin and orbital structures of the surface electronic states. Partly motivated by the desire to
probe the predicted chiral spin structure of the topological insulator surface states and in part by the re-emergence of interest in
Rashba phenomena, sometimes a number of groups performs essentially the same type of experiment on the same material
surface, yet reaching quite different conclusions. In light of these recent trends, I discuss how the CD-ARPES signal is related to
a largely ignored entity called the chiral orbital angular momentum structure in the k-space. After discussing the CD-ARPES
cross section based on the chiral OAM picture I will try to compare the various existing interpretations of the CD-ARPES
experiments. It is pointed out that a recently discovered surface state of SrTiO3 and KTaO3 may also be in possession of chiral
OAM.

76

DP-09( ) Muons as microscopic probes of condensed matter
MORENZONI Elvezio
Laboratory for Muon-Spin Spectroscopy, Paul Scherrer Institut, Villigen, Switzerland.
Positive fully polarized muons implanted in matter act as a non-destructive microscopic probe for local investigations and
provide unique information about electronic, magnetic and superconducting properties of materials. Muon spin
rotation/relaxation/resonance (μSR) is making an increasingly significant contribution to condensed matter science research.
The facility at our institute provides six instruments offering a wide choice of sample environment. Bulk probes as well as thin
films and heterostructures can be investigated. After an introduction of the method and of the PSI facility I will present some
representative examples of applications in the field of superconductivity, magnetism and of studies of materials and structures
relevant for spintronics applications.

DP-10( ) Studying Materials Using Radioactive Local Probes: An Introduction to the μSR and βNMR
Techniques
MCKENZIE Iain
Center for Molecular and Materials Science, TRIUMF, Canada.
The Centre for Molecular and Materials Science (CMMS) at TRIUMF provides intense beams of spin-polarized muons and
radioactive ions for Canadian and international researchers to probe materials at the molecular level. Material properties are
determined using a series of magnetic resonance techniques known as μSR (muon spin rotation, relaxation and resonance) and
βNMR (beta-detected nuclear magnetic resonance) that exploit the parity violating decay of the probes. I will review the μSR
technique and give examples of how it can be used to obtain unique information about a wide range of phenomena in physics
and chemistry, such as magnetic ordering and spin dynamics, internal field distributions in superconductors and the behaviour
of free radicals in bulk materials. I will introduce the βNMR technique and show that it provides a window into magnetism,
superconductivity and polymer dynamics near surfaces, at buried interfaces and in thin films. The CMMS facility is in the
middle of a large expansion. One new μSR beam line with two end stations and the capability of performing high frequency and
long time range measurements is being commissioned and a second new μSR beam line is nearing completion. We are also
expecting a three-fold increase in the time available for βNMR experiments due to the construction of the Advanced Rare
Isotope Laboratory (ARIEL). We are actively seeking new experiments to make use of our world-leading facilities.
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μSR and β-NMR facilities at RAON

LEE Ju Hahn
Institute for Basic Science.
The Rare Isotope Science Project (RISP) is in technical design phase to build the RAON, which is a next-generation Rare
Isotope (RI) beam facility to support researches in various science fields. Superconducting linear accelerator, which is a driver
for the IF (in-flight fragmentation) facility, provides various kinds of beams with uranium accelerated to 200 MeV/nucleon. A
70 kW cyclotron for production of 70 MeV, 1 mA proton beam is the driver for the ISOL (isotope separator on-line) facility.
Proposed research program using RAON includes studies of the properties of exotic nuclei, the equation of state of nuclear
matter, the origin of the universe and process of nucleosynthesis, and RI beam applications to material science, etc. Various
research facilities have been designed for the planned research subjects, which are Recoil Spectrometer, Large Acceptance
Spectrometer, Precise Isotope Mass Measurement System with Ion Trap, β-Nuclear Magnetic Resonance (β-NMR) facility,
Muon Spin Resonance (μSR) facility, and so on. In this talk, the design of the RAON accelerator system and experimental
facilities, especially β-NMR and μSR facilities for material science, will be presented along with the current status.

DP-12( ) J-PARC muon facility, MUSE
MIYAKE Yasuhiro
KEK, Institute of Materials Structure Science, Japan.
The MUSE facility is located in the building of MLF for the materials and life science program at J-PARC. Construction of the
MLF building was started in the beginning of 2004, and first muon beam was delivered in the autumn of 2008. In Phase 1, we
installed a superconducting decay/surface muon beam line, so called, the D-Line, with a modest acceptance (about 40 msr) as a
pion injector, where both surface muons, and decay muons can be extracted. In November, 2009, the surface muons (μ+)
extraction rate was recorded to be 1.8x106/s with use of a 120 kW proton beam from the RCS. At the D-Line, not only materials
science such as studies in Li battery with use of positive muons, but also non-destructive analysis with use of negative muons
have been performed. As the second principal muon beam channel at MUSE, we installed the Super Omega muon beamline, so
called U-Line which consists of a large acceptance solenoid made of mineral insulation cables, a superconducting curved
transport solenoid and a superconducting axial focusing magnets. In the commissioning works, we succeeded in extracting the
world's highest intensity pulsed muons, 2,500,000 muons per pulse (6.4x107/s at 212 kW, corresponding to 3x108/s at 1 MW) to
the experimental area. At the U-Line, we are aiming to create a new type of muon source; the intense ultra-slow muon source by
resonant ionization of thermal Muonium (designated as Mu; consisting of μ+ and an e-) atoms generated from the surface of a
hot tungsten foil. When the production of intense ultra-slow muon source will be realized, the use of its short-range penetration
depth will allow muon science to be expanded towards a variety of new nano-scientic fields, which we call "Ultra Slow Muon
Microscope" such as, 1) Surface/boundary magnetism utilizing its spin polarization and unique time-window. 2) Surface
chemistry, utilizing a feature of a light isotope of hydrogen; such as catalysis reactions. 3) Muon Microscopy, utilizing a feature
of micron meter beam size, when ultra slow muon is accelerated. 4) Precise atomic physics testing QED, since Mu is the
simplest lepton pair consisting μ+ and an e-. 5) Ion sources for g-2 experiment, and towards μ+μ- collider experiments in highenergy physics. As the future programs, we are now constructing the third beam-line, so-called the S-Line where intense surface
muon beams are extracted to the four experimental areas, dedicated to the materials science. We are also designing and
constructing partly the fourth beam-line, so-called the H-Line where fundamental physics such as Mu-HF precise measurement,
μ-e conversion, and g-2 experiments are under preparation. In the symposium, a latest status of the J-PARC MUSE and some of
the planned experiments will be reported.
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muSR studies on quantum magnets: two examples

CHOI Kwang-Yong, DO Seunghwan, LEE Wonjun, YOON Sungwon1, SUH Byoungjin1, JANG Zeehoon2, BAUMBACH R.
E.3, AMATO Alex4, LUETKEN H.4
Chung-Ang University, Dept. of Physics. 1The Catholic University of Korea, Dept. of Physics. 2Kookmin University, Dept. of
Physics. 3NHMFL, FSU, USA. 4Lab for Muon Spin Spectroscopy, PSI, Switzerland.
We present two μSR studies performed on two quantum magnetic materials using GPS in PSI. The first compound is CdCu2
(BO3)2, which is regarded as the decorated Shastry-Sutherland system. This compound undergoes an antiferromagnetic
(AFM) ordering at TN=9.8 K, while the ordered magnetic moments localized on the Cu(1) site amount to 0.45 μB compared to
0.83 μB on the Cu(2). The phase transition is confirmed by the observation of oscillations of muon polarization. We find
anomalies at about 7 K as evident in the reduction of a magnetic volume fraction and in the change of the temperature
dependence of an order parameter. The second material is the 4f-localized ferromagnets CeRu2Ga2B and CeRu2Al2B.
CeRu2Ga2B, which undergoes a ferromagnetic (FM) phase transition at TC~16.3 K, shows conventional ferromagnetic behavior.
In contrast, we observe spin arrangements and spatial or temporal disorders in a FM state in CeRu2Al2B, which shows two
successive transitions; a second-order transition to an AFM state at TN=14.2 K, and a first-order FM transition at TC=12.8 K.
This is discussed in terms of a competition between magnetoelectric coupling and Ising anisotropy.
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High Speed Potential-Tunable Quantum Dot Single Electron Source

AHN Ye-Hwan, SEO Minky1, HONG Chang-Ki2, LEE In-Ho3, BAE Myung-Ho3, CHUNG Yunchul1, KIM Nam4
(Korea University, Department of Physics)(Korea Research Institute of Standards and Science,Division of Convergence
Technology). 1(Pusan University, Department of Physics). 2(Pusan University, Department of Physics)(Korea Research
Institute of Standards and Science,Division of Convergence Technology). 3(Korea Research Institute of Standards and
Science,Division of Convergence Technology). 4(Korea Research Institute of Standards and Science, Division of Convergence
Technology).
A key component for future quantum precision measurements is an on-demand single electron source, for example, to
manipulate a spin-based quantum bit system and to develop quantum metrology of electrical current. We have investigated
metal-gated quantum dot (QD) single electron source devices formed in a GaAs/AlGaAs two-dimensional electron gas (2DEG)
system. Here, an external rf field engaged to the entrance gate of QD plays as a turnstile for single electron source. To enhance
the accuracy of the source, we adopted two strategies: i) increasing charging energy and ii) changing potential profile, by
additional gates on the 2DEG system. By this way, we successfully enhanced the escape rate of excited electrons in a QD,
which is crucial to decrease the uncertainty of our source. For instance, our analysis on experiments shows that the error rate of
a single electron shot for every 2 nanosec with 0.5 GHz microwave at 4.2 K was decreased from 10-2 to 10-3 by control of
charging energy, and even down to 10-7 by control of potential profile. Our numerical simulations showed that more asymmetric
potential profile makes higher escape rate, which is consistent with the experimental findings.
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Quantum dot in suspended InAs nanowire defined by local bottom gates

YU Byeong-Sung, KIM Bum-Kyu, SHIN Jae-Cheol1, BAE Myung-Ho2, KIM Nam2, KIM Ju-Jin
Chonbuk National University, Department of Physics. 1Korea Photonics Technology Institute, Photonic-Energy
Center. 2Korea Research Institute of Standards and Science.
Quantum dots formed in InAs semiconductor nanowires have provided a platform for the spin-based quantum bits due to its
large spin-orbit coupling strength. For coherent manipulation of such quantum devices, the system should be isolated from
environments such as substrate. In this work, we developed suspended InAs field-effect transistors supported by source and
drain electrodes. Pre-patterned several local bottom gate electrodes are also located under the suspended region with vacuum
gaps. The stable operation of global back gate and bottom gates allows us to create local tunnel barriers along the suspended
wire, resulting in formation of quantum dots in the suspended region. This is confirmed by Coulomb diamond in its conductance
map as a function of source-drain and gate voltages at 4.2 K.

P1-D003

Observation of the Fractional Quantum Hall States in Bilayer Graphene

KIM Youngwook, LEE Dong Su1, JUNG Suyong2, SKÁKALOVÁ Viera3, CHO Ahra1, WATANABE Kenji4, TANIGUCHI
Takashi4, KIM Jun Sung, SMET Jurgen. H5
Department of Physics, Pohang University of Science and Technology, Pohang 790-784 Korea. 1Soft Innovative Material
Research Center, Korea Institute of Science and Technology, Jeonbuk 565-905, Korea. 2Center for Quantum Measurements,
Korea Research Institute of Standards and Science,Korea. 3Department of Physics, University of Vienna, Boltzmanngasse 5,
1090 Vienna, Austria.. 4Advanced Materials Laboratory, National Institute for Materials Science, 1-1 Namiki, Tsukuba, 3050044, Japan.. 5Max Planck Institute för Festköperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Germany.
Progress in high-quality sample preparation has allowed access to the multicomponent fractional quantum Hall states in
monolayer graphene [1]. However, in bilayer graphene, only faint evidences of fractional quantum Hall effect have been
reported [2] since the quality control is more difficult than monolayer graphene. In order to circumvent such difficulties, we
have suggested the measurement of transconductance fluctuations [3, 4]. Mesoscopic transport measurements normally probe
averaged properties of the sample. However, the transconductance fluctuations, even though they are mesoscopic transport
properties, can visualize the behavior of charge carriers that occurs in nanometer scale and make it possible to observe the
fragile quantum hall states.Here, we report the observation of fractional quantum Hall states in high-quality bilayer graphene on
h-BN using the transconductance fluctuation measurements. The gate dependent resistance at zero magnetic field shows that
carrier inhomogeneity is ~1*1010 cm-2 both for electrons and for holes. Transconductance fluctuation map shows rich line sets
parallel to filling factors including ν = 1/3, 2/3, 4/3, 10/3, 11/3, 1/5 and 2/5. Such multiple fractional quantum Hall states have
not yet been reported for bilayer graphene. Moreover, we confirm the presence of the even denominator states ν = 1/2 which
was recently reported in Ref [4].[1] C. R. Dean, et al., Nat Phys 7, 693 (2011).[2] W. Bao, Z. Zhao, H. Zhang, G. Liu, P. Kratz,
L. Jing, J. Velasco, Jr., D. Smirnov, and C. N. Lau, Physical Review Letters 105, 246601 (2010).[3] D. S. Lee, V. Skákalová, R.
T. Weitz, K. von Klitzing, and J. H. Smet, Physical Review Letters 109, 056602 (2012).[4] D.-K. KI, V. I. Fal'ko, and A. F.
Morpurgo, arXiv:1305.4761 (2013).
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First-principles study of heterostructures of single layer 2H and 1T MoS2

SUNG Dongchul, HONG Suklyun
Sejong University, Graphene Research Institute and Department of Physics.
The concern with 2-dimensional materials has been increasing since the discovery of graphene in 2004. It is known that good
performance in nanodevices using heterostructures between semiconductors and metallic materials can be obtained. The thin 2D
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 are semiconducting and metallic, respectively.
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. 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 the MoS2 heterostructures.

P1-D005

Ab initio Study of Transport Properties of Metal/Graphene/Metal Junctions

RYOU Junga, HONG Suklyun
Sejong University, Graphene Research Institute and Department of Physics.
Recently, studies of spintronic nandevice using graphene based nanostructures focus on finding the strong spin filtering effect
for applications. The spin valve effect of double layer graphene based device is stronger than that of single layer device. To
understand transport properties of graphene based structures, we consider several metal/graphene/metal contact device
structures. The spin-dependent transport properties for these structures are investigated by using non-equilibrium Green’s
function method. First, we investigate the spin valve effect depending on the number of graphene layers sandwiched between
metal electrodes. Then we consider transport properties of graphene layers with the various stacking order for technological
applications. Finally, we discuss the application possibility of graphene based structures in spintronic nanodevices.
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Magnetic Impurities on Bi2Se3 (111) Surface and Their Effects

HAN Jinhee, LEE Hyungjun, DOH Hyeonjin1, CHOI Hyoung Joon
Department of Physics, IPAP, and Center for Computational Studies of Advanced Electronic Material Properties, Yonsei
University. 1Center for Computational Studies of Advanced Electronic Material Properties, Yonsei University.
We study magnetic impurities on Bi2Se3 (111) surface and their effects on topological surface state by using an ab-initio
pseudopotential density-functional method. We implemented the spin-orbit interaction into the SIESTA in a form of additional
fully non-local projectors. To calculate electronic structure of topological surface states, we use a slab of Bi2Se3 using a 4x4
supercell containing 4 quintuple layers. In particular, we consider two kinds of magnetic impurities, Fe and Mn, and compare
interstitial impurities with substitutional impurities. To understand the impurity effects on the topological surface states, we
simulate ARPES and calculate projected density of states of impurity near Fermi level. This work was supported by NRF of
Korea (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2012-C3-046).
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P1-D008

Ion-gel based EDL(Elecron Double layer) field-effect transistor at Low-T

CHOI EunJip, YOON YongSeok, KIM JooYoun, LEE Chul
University of Seoul , Physics.
Ion-gel is used to induce high-density two-dimensional electron layer in a transistor by virtue of the ultra-small thickness of the
dielectric-layer and large capasitance. Ion-gel freezes at low-T which can affect the interface charge carrier in the transport
channel. We study the effect of gel-freezing on the carrier by use of I-V and IR transmission measurements on EMIM[TFSI]gel / Graphene / Sio2 composite over 70~130K range. Drude-weight and Drude-width of graphene is determined from the IRmeasurement from which we discuss the change of carrier density and scattering rate as funtion of temperature with focus given
on the freezing temperature Tf=200K.

P1-D009

First-principles study of electronic structure of multilayer graphene on MgO(111)

MIN Kyung-Ah, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.

For application of graphene, it is very important to understand the variation in electronic structure of
graphene by interaction with supporting substrates. Previously, there have been some interesting
experimental and theoretical studies concerning the electronic structure of graphene on MgO(111) which is
known for polar surface. We have investigated electronic structure of mono-, bi-, and tri-layer graphene on
MgO(111) using first-principles calculations. In this study, we investigate the variation in electronic
structure of graphene depending on the number of layers. Details in electronic structures of multilayer
graphene on MgO(111) surface are analyzed in terms of partial density of states (PDOS), work function
and charge transfer between graphene and MgO(111) surface.
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P1-D010

Spin dependent transport in vertically stacked ferromagnet/graphene/ferromagnet junctions

PARK Jae-Hyun, LEE Hu-Jong
Department of Physics, Pohang University of Science and Technology.
Out-of-plane spin-injection and detection are investigated in natural graphene inserted Ferromagnet/Graphene/Ferromagnet
(FGF) junctions. We obtained the maximum magnetoresistance of 4.6 % at T = 4.2 K for 4-layer graphene inserted FGF
junction with the resistance-area product of 0.2 W·mm2. Graphene layers work as metallic spacer rather than insulating spacer
in FGF junctions according to their resistance-temperature and current-voltage relations. Inverse proportionality between
resistance-area product and magnetoresistance implies that the spin-flip at the graphene/ferromagnet interfaces lowers the
efficiency of the spin-injection along the out-of-plane direction. Based on our experimental results, we expect that higher spininjection efficiency through the graphene layers may be achieved for more transparent FGF junctions with improved
graphene/ferromagnet interfacial conditions.
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P1-D012*

Effect of Hydrogen on Adsorption of Hydrocarbon Molecules on Graphene

CHO Sangmo, RYOU Junga, HONG Suklyun
Sejong University, Department of Physics and Graphene Research Institute.
In the chemical vapor deposition (CVD) process for graphene growth, it is known that hydrogen atoms or molecules affect the
quality of graphene sheet and the hydrogen concentration plays an important role in controlling the number of graphene layers.
To investigate the effect of hydrogen on adsorption of hydrocarbon molecules on graphene, we have performed density
functional theory calculations. First, we calculate the binding energies of hydrogen atom, carbon atom, and other hydrocarbon
fragments such as CHx (x=1, 2, 3) on graphene to find the most stable adsorption site. Then, to study the effect of hydrogen, we
investigate the adsorption of hydrocarbon fragments in the presence of hydrogen atoms on graphene. Finally, we discuss the role
of hydrogen in CVD growth process of graphene.

P1-D013*

Theoretical Investigations of Graphene on Hexagonal Boron Nitride

KANG Yura, PARK Jinwoo, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.

Hexagonal boron nitride (h-BN) is an attractive substrate due to its atomically smooth surface that is
relatively free of dangling bonds and charge traps. Thus, h-BN can be a good substrate for high quality
graphene electronics. However, its lattice constant is slightly different from that of graphene. Such
difference may give inconvenience in studying a (relatively) large two-dimensional periodic structure of
graphene/h-BN stacked layers. In this study, we suggest that the cluster system of graphene/h-BN can give
reliable information for investigating adsorption and dissociation phenomenon of adatom or nanocluster on
graphene/h-BN system.
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P1-D014*

The Electronic Property of Residue-Free Graphene Device and its Fabrication Techniques

HOYEOL YUN, YOUNGGYU YOU, SUNG HO JHANG, SANG WOOK LEE
The electronic property of residue-free graphene device and its fabrication techniques.
In an effort to study intrinsic electronic property of graphene, many researchers have struggled with removing impurities
originating from the fabrication process. These impurities are mainly produced during wet processes where fabrication method
in common use involves. For an attempt to exclude wet process, transfer printing technique was modified by employing
mechanical PMMA peel-off process instead of conventional lift-off using solvent, a residue-free stack structure of graphenehBN was realized. The metal electrodes were deposited using stencil lithography using PMMA shadow mask. In this
presentation, we introduce a new graphene device fabrication method using chemical free process. The fabricated devices were
characterized by atomic force microscopy (AFM), Raman spectroscopy, and electronic measurement. For each step, clean
graphene surface was confirmed by topographic image using AFM measurement. The relatively low doping and strain effects of
graphene on hBN substrate were demonstrated through the Raman spectra analysis. Finally, the electronic property of the clean
graphene device was evaluated under different temperature regimes.
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P1-D018*

THz and FTIR Study of Twisted Bi- and Tri-Layer Graphene

PARK Byung Cheol, SON Jangyup1, HONG Jongill1, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea. 1Department of Materials
Science and Engineering, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea.
We studied optical properties of arbitrarily twisted bilayer and trilayer graphene samples in comparison with that of monolayer
via a combination of THz and FTIR spectroscopy. We observed a gradual change in the transmission and optical conductance in
the THz regime as well as a strong absorption in the MIR region. From Drude-Lorentz model analysis, we confirmed that the
free carrier properties are modified by the interlayer coupling variation controlled by the stacking manner while the absorption
induced by van Hove singularity in twisted bilayer graphene around 200 meV appears. We verified that the optical absorption
can be employed as a spectroscopic fingerprint to identify the stacking angle and the characteristic features such as optical bandgap and van Hove singularity can be manipulated in the far-infrared regime.
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P1-D020*
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Synthesis of N-doped graphene using CVD with pyridine source and its characterization
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P1-D022*

Exchange Self-energy and Compressibility of Multilayer Graphene by Wavefunction
Rotation Method
,

.
Multilayer graphene has chiral electronic structure which strongly depends on the stacking sequence. A fundamental issue is to
understand the interplay between the chiral electronic structure and electron-electron interaction, and the exchange interaction is
the leading-order correction to the electron-electron interaction. However, exchange energy calculation of multilayer graphene
requires a large amount of computational resources, because of non-local nature of the exchange interaction and because of the
absence of the analytic form of the wavefunction, which should be obtained self-consistently. We overcome this problem using
the wavefunction rotation method, in which the angular part of the wavefunction is obtained analytically by attaching a phase
factor that is determined by the stacking sequence, thus reducing the computational cost significantly. Using this method, we
calculate exchange-self energy and compressibility of multilayer graphene, and discuss the role of intralayer and interlayer
exchanges.

P1-D023*

All-Optical Plasmonic Switch based on Graphene

MOON Kyungsun, PARK Suk-Young
Dept. of Physics, Yonsei Univ..
We propose an all-optical plasmonic switch based on graphene.
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P1-D024*

Electron-Phonon Heat Transfer in Bilayer Graphene

NAM Seung-Geol, LEE Hu-Jong, JHANG Sung Ho1
POSTECH. 1Konkuk University.
At low temperatures, the electron gas in bilayer graphene becomes easily decoupled from phonons or the lattice vibration.
Due to the weak electron-phonon coupling and small electronic heat capacity, in high bias, the electron temperature in bilayer
graphene becomes considerably higher than that of phonons. This leads to a large change in the electronic conductivity, which
makes bilayer graphene a good candidate for bolometric devices. To design such new devices, a good understanding of the
electron-phonon heat transfer rate is essential. In this work, we investigate electron-phonon heat transfer rates in bilayer
graphene by measuring electron temperature as a function of applied Joule heating power. For the thermometry of the electron
temperature, we used the amplitude of Shubnikov-de Haas oscillations in high magnetic fields and the temperature-dependence
of conductivity in zero magnetic field as a thermometer. In highly doped regime, the carrier heat-loss rate shows
a T4 dependence as expected for deformation-potential coupling in two-dimensional system. Near the charge neutrality point,
however, electron-phonon heat transfer rate shows a different dependence on the electron temperature. Possible explanations for
the temperature dependences will be discussed.
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P1-D026*

Computational Study on Structural, Electronic, and Thermoelectric Properties of Carbon

Nanofoam

PARK Sora, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University, Seoul, 130-701, Korea.
Using ab initio density functional calculations, we investigated the
structural and electronic properties of schwarzite having sp2
carbon minimal surfaces with negative Gaussian curvature. Such a
system consisting of the core part with local negative Gaussian
curvature and the interconnection part with (4,4) carbon nanotube
segments was calculated to be metallic and very rigid. [1] Further
we studied the thermal and electrical conductivities of the system including schwarzite. Using direct moleculardynamics simulations based on the Tersoff potential, we explored the dependence of the thermal conductivities on
different number of core parts and length of interconnection part along a specific axis. The results show that the core
parts of schwarzite, which are making the interconnection along other axes, play a role as scattering centers in the
system resulting in reduced phonon mean free path and the thermal conductivities as compared with those of CNTs.
Further, we investigate the thermoelectric properties of the system by examining the Seebeck coefficient and the
figure-of-metrit values. [1] S. Park, K. Kittimanapun, J. S. Ahn, Y. -K Kwon and D. Tománek, J. Phys.: Condens. Matter 22
(2010) 334220

P1-D027*

First-principles study of adsorption of diatomic molecules at the edge of armchair
nanoribbon MoS2 structure

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 sensor transistors. MoS2 sheets can be obtained by mechanical exfoliation method because of its honeycomb structure
similar to graphene. It has been known that the band gap is indirect (about 1.29 eV) for bulk MoS2 but direct (about 1.8 eV) for
monolayer MoS2 sheet. We have investigated atomic and electronic properties of diatomic molecules (H2, N2, O2) adsorbed at
the edge of armchair nanoribbon (ANR) MoS2 using density functional theory (DFT) calculations. Previously, we studied
atomic and electronic properties of armchair and zigzag nanoribbon MoS2 structures. We found that the zigzag nanoribbon
MoS2 is metallic, while armchair nanoribbon MoS2 is semiconducting. In this study, we focus on adsorption and dissociation
behaviors of diatomic molecules (H2, N2, O2) at the edge of ANR MoS2 nanostructures. We suggest that it is possible to use
ANR MoS2 nanostructures as gas sensors or detectors due to the suitable band gap for electronic devices.
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P1-D028*

Effects Of Spin-Orbit Coupling In The Pt-Si Nanowires On Si(110) Surface

OH Sehoon, LEE Hyungjun, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University.

.

P1-D029*
Nanostructures

Optical Band Gap of Metal Ion Modified 2D Tile Based Double Crossover Crystal DNA

HA Taewoo, DUGASANI Sreekantha Reddy1, GNAPAREDDY Bramaramba1, CHIO Kyujin, KIM Byeonghoon1, PARK Sung
Ha1, KIM Jae Hoon
Institute of Physics and Applied Physics, Department of Physics, Yonsei University, Seoul 120-749 Korea. 1Department of
Physics and Sungkyunkwan Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University, Suwon 440-746, Korea.
We investigated the optical band gap and optical transitions of divalent metal ion (Cu2+, Ni2+, Zn2+ and Co2+) modified DNA
(M-DNA) double crossover (DX) crystals fabricated on fused silica by the substrate assisted growth (SAG) method. The energy
band gap of our M-DNA between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO) ranges from 4.67 to 4.98 eV. The doping of metal ions initially shift the optical band gaps to a higher energy, later
bringing it down close to the pristine case while the onset energy of the second optical absorption band corresponding to the
transport gap evolves with doping in a different way from the optical band gap.
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Polarized Raman spectroscopy of single InGaAs nanowires
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P1-D032*

Multi-valued Logic Gates based on Quantum Point Contacts

SEO Minky, HONG Changki, LEE Soo-Young, KIM Nam1, CHUNG Yunchul, UMANSKY Vladimir2, MAHALU Diana2
Department of Physics, Pusan National University. 1Korea Research Institute of Standard and Science. 2Department of
Condensed Matter Physics, Weizmann Institute of Science.
The conductance of a quantum point contact (QPC) differs from that of a classical resistor due to the quantized energy levels
and the ballistic transport in the conduction channel. As a result, the conductance is quantized in steps of the conductance quanta
G0=2e2/h, which offers an opportunity to develop multi-valued logic gates that can handle more than binary number as an input.
Another interesting property of QPC is that the series resistance of multiple QPCs is determined solely by the QPC with highest
resistance while the resistance of the other QPCs become irrelevant. Such unconventional transport properties can be exploited
to develop a new kind of logic gates, which are fundamentally different from the conventional logic gates based on inverter. In
this work, we demonstrate a new kind of logic gates, which are based on the quantum transport properties of QPCs in series.
First, a new type of logic gate, which finds the minimum of two quaternary number inputs, is demonstrated. The presented logic
gate is scalable to allow multiple inputs, which make it possible to find the minimum of multiple inputs in a single gate
operation. Second, the principle of a half-adder, which finds the sum and carry of two quaternary numbers, is demonstrated.
Even though the logic operations for quaternary number inputs are demonstrated all the logic gates presented here can be
extended to allow decimal number inputs with high quality QPCs, in principle. We believe that the logic gates presented in this
work will be useful for enhancing sorting algorithms and reducing the computation time significantly.

P1-D033
,

Microscopic and Electronic Structure of Amorphous InGaZnO:H
1

,
. 1
,
&
.
We investivated the microscopic and electronic structures of hydrogen impurity in the amorphous In-Ga-Zn-O (a-IGZO)
through the first-principles calculations based on the generalized gradient approximation (GGA) plus U density functional
calculations. The amorphous structures are generated using the melt-and-quench ab initio molecular dynamics simulations.
Microscopic structures of amorphous systems are studyed by employing short-range analysis of inverse participation ratio (IPR)
and radial distribution function (RDF). The various states of hydrogen impurity and its interaction with O-vacancy are
investigated. We find that the bond-center state and the multi-bonding state are not formed, differently from the case of ZnO:H,
and only the interstitial state is available. It is found that hydrogen impurites generally play a role of shallow donor in the
conduction band.
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P1-D034

Pseudo-spin Model of Hydrogen-bonded Ferroelectrics on a Checkerboard Lattice

.
Monte Carlo (MC) simulations were performed for hydrogen-bonded KH2PO4 (KDP) ferroelectrics using a two dimensional
pseudo-spin Ising model. The pseudo-spin interaction strengths V and U are related to the Slater-Takagi energy parameters ε0
and ε1 via U = (ε0 - ε1)/2 and V = (2ε1 - ε0)/4. The phase transition temperature and the longitudinal and transverse dielectric
constants are calculated as a function of interaction ratio R = - U/V, ranging from 0 to 1. According to MC simulations, the
longitudinal dielectric constant exhibits a first-order ferroelectricphase transition, while the transverse constant exhibits behavior
associated with an antiferroelectric second-order transition. The transverse dipole moments obtained from a mean-field
approximation and the domain motion are discussed in the microscopic structure in view of hydrogen-ion bombardment
experiments in KDP crystals.

P1-D035

Possible magnetism by strain in single-layer MoS2 with vacancy defect

YUN Won Seok, LEE J. D.1
DGIST-LBNL Joint Research Center and Department of Emerging Materials Science, DGIST, Korea and Center for X-ray
Optics, Lawrence Berkeley National Laboratory, USA. 1Department of Emerging Materials Science, DGIST, Korea.
The transition metal dichalcogenides have been studied extensively both from fundamental and technology applications point
of view. In particular, very recently, considerable attention has been paid to the magnetic and electronic properties of these
materials for new scientific frontiers such as spin- and valley-tronics. For instance, it is well known that the bulk, few-layer, and
single-layer MoS2's are diamagnetic. However, MoS2 becomes ferromagnetic in the several cases of nanoribbon with zigzag
edges, passivation with hydrogen, sizeable vacancy defect formation, adsorption or substitutional doping of various elements.
Unlike the known methods, we investigated a possible magnetism in single-layer MoS2 with several different vacancies under
uniaxial and biaxial strains. The first-principles calculation based on density functional theory were carried out using the Vienna
ab-initio simulation package within the generalized gradient approximation. Detailed discussion on the magnetic and electronic
properties and the origin of emerging magnetism in single-layer MoS2 with various vacancy defects will be given.
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P1-D036

Ab initio Study of 180 Domain Walls in PbTiO3

,
,
.
We have investigated the structures and wall energies for 180 domain walls in PbTiO3 using a first-principles pseudopotential
method based on density functional theory within the local-density approximation (LDA) and generalized gradient
approximation (GGA) respectively. For each case we have calculated position, local polarization and wall energy of PbO and
TiO2 centered domain walls. For finding the minimum energy path between PbO and TiO2 centered domain walls, nudged
elastic band method is conducted.

P1-D037
Nanoribbons

Angle Dependence of the Critical Electric Field for Half-metallicity in Multi-layer Graphene

JEON Giwan, LEE Kyu Won, LEE Cheol Eui
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713.
Zigzag graphene nanoribbons (ZGNRs) are among the most interesting carbon-based materials due to the spatial edge states.
Since the revelation of half-metallicity in ZGNRs, there have been considerable efforts to reduce the critical electric field for
half-metallicity. We have investigated several multi-layer ZGNRs with AB-β stacking forms by means of density functional
theory (DFT) calculations. We show that the critical electric field may be reduced significantly by properly choosing the field
direction by the band structure calculations.*This work was supported by the National Research Foundation of Korea (NRF2010-0027963 and No. 2012034779).
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P1-D038

Charge Order Phases in LuFe2O4

CHANG-JONG Kang, B. I. Min
POSTECH, Dept. of Physics.
Charge order phase in LuFe2O4 is studied based on the density functional theory. We have calculated two suggested charge
order phases by Angst et al. and de Groot et al. extensively. Compared to experimental data, charge order phase suggested by
Angst et al. gives the best coincidence, and has the lowest energy. We also have studied the spin-charge coupling effect in
LuFe2O4 by giving two different magnetisms, ferromagnetism and ferrimagnetism. We have found that the spin-charge
coupling effect is significant in LuFe2O4.

P1-D039

Correlation between magnetism and catalytic reactivity Pt3M (M = Co, Fe): first-priciples

study

KWON oryong, HONG sooncheol1
Department of Physics, University of Ulsan. 1Department of Physics,University of Ulsan.
Since the O2 reduction reaction at cathode is much slower than the H2 oxidation reaction at anode, improved efficiency of O2
reduction reaction at cathode is highly required to enhance the activity of a fuel cell. In this study, we calculated the energy
barrier of O2 dissociation over Pt3M (M = Co and Fe) alloy (111) surface using Vienna Ab-initio Simulation Package in order to
discuss any possible correlation between magnetism and the barrier height. As expected, both Pt3Co and Pt3Fe were calculated
to be stable in their ferromagnetic states. From calculated total energies the Pt-segregated surfaces of Pt3Co and Pt3Fe(111) were
proved to be more stable compared to the bulk-terminated ones by differences of -0.593 eV and -0.397 eV, respectively. Since
adsorption energy of O2 is known to be closely related to the energy barrier, we calculated stable adsorption sites and adsorption
energies of O2 on Pt3Co and Pt3Fe(111) surfaces. O2 were found to be adsorbed on bridge sites of Pt3Co and Pt3Fe(111)
surfaces with the adsorption energies of -0.398 eV and -0.367 eV, respectively. It is notable that the values are quite lower
compared to that (-0.780 eV) of the pure Pt (111) surface. The dissociation energy barriers were calculated using the Nudged
Elastic Band method. The barriers for Pt3Co and Pt3Fe(111) surfaces are 1.32 eV and 1.28 eV, respectively. They are almost
same that the value (1.32 eV) for the pure Pt (111) surface.
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P1-D040*

Ferrimagnetic Slater Insulator Phase of the Sn/Ge(111) Surface

LEE Jun-Ho, KIM Hyun-Jung, CHO Jun-Hyung
Hanyang University, Department of Physics.
We perform semilocal and hybrid density-functional theory (DFT)
studies of the Sn/Ge(111) surface to identify the origin of the observed
insulating root3 x root3 phase below ~ 30 K. In contrast with the
semilocal DFT calculation predicting a metallic 3 x 3 ground state, the
hybrid DFT calculation including van derWaals interactions shows that
the insulating ferrimagnetic structure with a root3 x root3 structural
symmetry is energetically favored over the metallic 3x3 structure. It is
revealed that the correction of the self-interaction error with a hybrid
exchange-correlation functional gives rise to a band gap opening induced
by a ferrimagnetic order. The results show that the observed insulating
phase is attributed to the Slater mechanism via itinerant magnetic order rather than the hitherto accepted Mott-Hubbard
mechanism via electron correlations. Phys. Rev. Lett. 111, 106403 (2013).

P1-D041*

Data Ming for Next-generation High-k Dielectrics; Automation of Band Gap and
Permittivity Calculation
KANGHOON Yim, YONG Youn, SEUNGWU Han
.
Making a complete database for desired properties of all existing materials would be a dream work to all scientists and
engineers. By experiments, it is almost impossible to build such a database within practical time and cost. However, remarkable
advances in computing power and first-principles techniques now present a new opportunity for building a vast theoretical
database of material properties. Fast and accurate high-throughput ab initio calculations can be achieved by aligning proper
computational methods into a sophisticated automatic procedure. By minimizing human interventions, massive data of material
properties could be obtained within a reasonable computational resource.
As our first attempt to make such a materials map, we developed an automation code for computing band gap and static
dielectric constant of all binary and ternary oxides. Band gap and static dielectric constant are key parameters to be a good highk dielectrics. The code automatically filters and generates the input structures from ICSD(inorganic crystal strucrure database).
After the structure relaxation, band gap and static dielectric constant are calculated by each optimized method in automated
procedures. Recently, we have calculated about 2,000 oxides and we identified some interesting materials with unexpected
properties. We also searched correlated relations between predicted properties from newly obatained database.
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P1-D042*

The Effect of Interface Defects on the Boron Diffusion Pathway and Migration Barrier at

Si/SiO2 Interface
KIM Geun-Myeong, OH Young Jun, CHANG Kee Joo
KAIST,
.
In Sibased MOSFET devices, B segregation at Si/SiO2 interface has been a long standing problem, causing threshold
voltage shifts and degradation of sheet resistance. Such B segregation becomes more problematic as the size of devices
shrinks and the surfacetovolume ratio increases. Recently, we have reported the mechanism for boron segregation at
defectfree interfaces between Si and SiO2. In real MOSFET devices, there exist defects at the interface, such as dangling
bonds and roughness defects.
In this work, we perform firstprinciples density functional calculations to search for the diffusion pathway of B at
defected Si/SiO2 interfaces. We generate various defected interfaces and calculate the migration barriers for B diffusion
through the interface. We find that the diffusion pathways and migration barriers are not much altered by the presence
of interface defects such as suboxide bond and oxygen protrusion. On the other hand, an interface dangling bond
strongly interacts with the diffusing B atom, thus, the migration barrier significantly increases, indicating that the B
dopants can be easily trapped by dangling bonds.

P1-D043*
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P2-D044
Method

Synthesis and Optical Properties of SrCaSiO4:Eu2+ Prepared by Solid State Reaction

KWON Bong-Joon, WOO Hyun-Joo1, GANDHI Sakthivel, SHIN Dong-Soo2, JANG Kiwan1
Changwon national university, Research institute of basic sciences. 1Changwon national university, Department of
physics. 2Changwon national university, Department of chemistry.
The light emitting diode (LED) can be considered as the most general light source for next generation owing to high emission
efficiency, short response time, and long lifetime. Recently, a solid state lighting has been greatly developed by white light
emitting diode (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 phosphor-free WLED has some disadvantage, such as
spectral shift by temperature and differential ageing of red, green, and blue LEDs. Therefore, investigations of highly efficient
phosphors with high color rendering index are needed for the development of WLED. Recently, the research on red phosphors
based on silicates excited by near UV is important due to their outstanding thermal, chemical, and mechanical stability, along
with structural diversity and optical properties.
2+
In this work, we studied on the synthesis and the optical properties of SrCaSiO :Eu phosphor synthesized by solid state
4
2+
reaction method with varying Eu concentration and sintering temperature. The prepared SrCaSiO :Eu
phosphors were
4
characterized by means of thermogravimetry-differential thermal analysis, scanning electron microscopy, energy dispersive xray spectrometer, x-ray diffraction, photoluminescence (PL), PL excitation, and time-resolved PL techniques.

P2-D045

Large Strain Under a Low Electric Field in Lead-free Bismuth-based Piezoelectrics

1,
1
, ULLAH Aman, ULLAH Amir,
,
,
& EHSRC. 1
,
.
In recent years, the predominantly investigated systems to obtain a giant electric-field-induced strain for actuator applications
are Bi0.5Na0.5TiO3 (BNT)-based solid solutions. Such a large strain is possible only in materials with a nearly nonpolar phase at
a zero field and can be evolved into a long-range ferroelectric phase upon application of an electric field.. In this study, the
viewpoint of the field-induced phase transition of BNT-based solid solutions was investigated by in situ XRD under high
electric field. The solid solution of tetragonal Bi0.5(Na0.78K0.22)0.5TiO3 (BNKT) was selected as the base composition, and Bi
(Mg0.5Ti0.5)O3 was selected as the chemical modifier.To determine the suitability of the material for actuator applications, the
strain behavior as a function of the electric field was evaluated.
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P2-D046
,

1,

Dielectric Properties of Ba1-xEuxTiO3 Ceramics in the Low Temperatures
1,

2

,
. 1
. 2
,
.
As a multiferroic studies, the dielectric properties of Ba1-xEuxTiO3 (BET)were interested by the phase transition from cubic to
tetragonal structures at low temperatures around 230 K. The BET ceramics disks with densities of around 80% were prepared at
the compositions of x = 0.1, 0.2, 0.4, and 0.7 by using the conventional technique in the reduction atmosphere. Perovskite
structures were characterized by the powder X-ray diffraction techniques at room temperature and the low frequency dielectric
constants were measured in the temperature range from 100 K to 300 K. Although the single perovskite phase were observed in
the BET ceramics samples, its dielectric properties were concerned with the minor pyrochlore phase in the samples. We are
carefully investigating on the dielectric relaxations in the BET samples which were affected by the grainboundary properties.
And, the further study is on the progress to clarify that the low frequency dielectric relaxations are modulated by the magnetic
bias field.

P2-D047

Dielectric relaxation in PLZT-x/95/5 ceramics.

,
.
The dielectric relaxation spectroscopy of PLZT-x/95/5 composites have been investigated in the temperature range 300K-700K
and in the frequency range 1 Hz- 10MHz. A large value of the dielectric constant has been observed at high temperature and
low frequency. The complex dielectric constant ε*(ω) has been described by the electric modulus M*(ω)=(1/ε*(ω))=M´(ω)+iM¨
(ω). The data of M*(ω) has been analysed by the stretched exponential decay of the electric field, φ(t)=exp-(t/τ0)β. The
temperature dependence of M´(ω) and iM¨(ω) obey a single master curve.
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P2-D048

Crossover from ionic hopping to nearly constant loss in the ionic conductor Glasses

,
.
Electrical conductivity measurements of the ionic conductor Glass(Li2O-B2O3-BaO) have been conducted at temperature
ranging from 300K to 750K and frequencies bettween 1Hz and 10MHz detailed analysis of the ac conductivity shows the
existence of crossover between two different regimes. At high temperature and/or low frequencies correlated ion hopping is
responsible for a power-lawfrequency dependent and thermally activated ac conductivity. On the other hand, at sufficiently low
temperatures and/or high frequencies, the ions do not have enough thermal energy or time to hop between neighboring sites, and
remain caged. The ac conductivity is then characterized by a linear frequency dependence and by a weak exponential
temperature dependence of the from exp(T/T0). A crossover between the two regimes is found, which is thermally activated
with an activation energy E1, significantly lower than that observed for the dc conductivity, Edc.

P2-D049
,

Sm2(MoO4)3
1,

2

.

1

,

.

2

.
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P2-D050

Effects of Ge-doped ZnO Electrode for the BiFe0.95Mn0.05O3 Thin Film Prepared by a
Pulsed Laser Deposition Technique
,

,

, RAGHAVAN C. M.,
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P2-D051

Physical Properties of the Ge-doped ZnO Thin Films Fabricated by a Pulsed Laser
Deposition Method
, RAGHAVAN C. M.,
,
,
,
,
,
.
Zinc oxide (ZnO) is a typical wide band-gap n-type II-VI semiconductor. The conductivity of the ZnO is tunable with respect
to doping elements, for instance, trivalent Al3+, In3+, and Ga3+ ions enhance conductivity, while monovalent Li+ ion enhances
resistivity. In this study, the physical properties of the tetravalent Ge4+ doped ZnO (Zn1-XGeXO1+δ, X=0.007) thin film fabricated
on a Si(100) substrate by a pulsed laser deposition technique were investigated. The optimized conditions for the formation of
single phase Ge-ZnO were studied. The formation of hexagonal structure was confirmed by an X-ray diffraction and a Raman
spectral analysis. Surface morphology of the thin film was examined by a scanning electron microscopic analysis. The electrical
and optical properties of the thin film were investigated by I-V and photoluminescence studies and the results are discussed in
detail.
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P2-D052

Investigation of the Hydrogen Atom Potential without a Phase Transition in the SO4-H-SO4

Dimer in K3H(SO4)2 by Neutron Diffraction

OH In-Hwan, SOHN Yoo-Jung1, MEVEN Martin1, HEGER Gernot1
Neutron Science Division, KAERI. 1Institut fuer Kristallographie, RWTH Aachen, Germany.
The mineral letovicite with a chemical composition of (NH4)3H(SO4)2 belongs to a large structure family of M3(H,D)(XO4)2
compounds where M = K+, Rb+, (NH4)+, and Cs+, and X = Se and S. A characteristic feature of the crystal structure of these

compounds consists of a hydrogen bond between two XO42- ions forming XO4-(H/D)-XO4 dimers. H/D shows a dynamic
disorder at high temperature which can be related to a very high proton conductivity. At lower temperatures, an H/D ordering
may lead to structural phase transitions. According to the recent neutron diffraction experiments, two types of H disorder exists,
the rotational disorder of the NH4+ groups and the splitting of the H distribution in the middle of the SO4-H-SO4 dimers.
Contrary to these, a reference system without the possibility of an orientational disorder of NH4 consists of K3H(SO4)2 (TKHS),
whereas the radii of NH4+ and K+-cations are very similar. At room temperature, TKHS is isostructural to (NH3)4H(SO4)2 with
a monoclinic space group A2/a and an inversion center in the middle of the SO4-H-SO4 dimer. Our neutron diffraction
experiment at 2.5K clearly shows that a hydrogen atom has a single maximum at the inversion center and no structural phase
transition has been observed. The bond length 2.484(3)
and bond angle 180°support the hypothesis that the disordered
protons show a double-well potential, if the distance between the oxygen atoms of the hydrogen bond Ro-o are longer than a
critical bond length rc (2.47

P2-D053
,

,

for protons and 2.40

for deuterons).

BaTiO3-d Field effect transistor gated by electric double layers of ionic liquid.

,
,
.
Recently, transition metal oxide based electrolyte gated field-effect transistors (FET) have drawn significant interest. Electricfield-induced phase transitions were known to be due to the high charge carrier density. It is important to increase the maximum
carrier density in semiconductor FET. Here, we present electrolyte-gated BaTiO3-d FET system which is gated by electric
double layers of ionic liquid (IL). We prepared BaTiO3 thin film epitaxially grown on SrTiO3 substrate by Pulse Laser
Deposition technics, and induced carriers through annealing process under N2/H2 mix gas flow. We investigated the electric
transport properties with tuned gate voltages.
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P2-D054
2·6H2O

Study on Thermodynamic Properties and Phase Transitions of Tutton Salt (NH4)2Fe(SO4)

by MAS NMR and Single-Crystal NMR

,

1

,
. 1
,
.
The thermodynamic properties and phase transitions of Tutton salt (NH4)2Fe(SO4)2·6H2O single crystals were investigated
with TG, DSC, and NMR. The first mass loss occurs in the vicinity of 330 K (Td), which is interpreted as the onset of partial
thermal decomposition. Phase transitions were found at 387 K (=TC). The temperature dependence of the spin-lattice relaxation
time, T1, for the H nuclei undergoes abruptly changes near TC. These changes are associated with changes in the geometry of
the arrangement of water and five SO4 oxygens and with proton hopping or the breaking of hydrogen bonds.

P2-D055

Roles of Chemically Inequivalent N(CH3)4 Ions in Phase Transition Temperatures in [N

(CH3)4]2CoCl4 by Single-Crystal NMR and MAS NMR
,

1

,
. 1
,
.
The temperature dependences of the 1H and 13C spin-lattice relaxation time in the laboratory frame, T1, and in the rotating
frame, T1ρ, in [N(CH3)4]2CoCl4 were measured by static nuclear magnetic resonance (NMR) and magic angle spinning (MAS)
NMR. In the ferroelastic phase, 1H T1ρ underwent molecular motion according to the Bloembergen–Purcell–Pound theory. Two
inequivalent ions, a-N(CH3)4 and b-N(CH3)4, were identified by

13C

cross polarization (CP)/MAS NMR. On the basis of the

13C

NMR results, the existence of two chemically inequivalent a-N(CH3)4 and b-N(CH3)4 ions in the ferroelectric phase and the
existence of the ferroelastic twin structure of the N(CH3)4 ions in the ferroelastic phase were discussed.
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P2-D056

Hydrothermal Synthesis and Luminescence Properties of Gd2O3:Eu3+ Nanowires

BAE Dong-hyun, JANG Kiwan
Changwon national university, Department of physics.
Eu3+doped Gd2O3 nanowires were prepared by hydrothermal synthesis without other oxidation process. The Gd(OH)3:Eu
nanowires were synthesized by mixing Gd(NO3)36H2O, Eu(NO3)36H2O, and NaOH(4mol/L) solution at room temperature and
then it was synthesized by heat treatment at 600℃ in ambient air condition to obtain the Gd2O3:Eu3+ nanowires. By using FESEM measurements, the length and height of the Gd2O3:Eu3+ nanowires with rectangular shape were measured about 20 nm

and 500 nm, respectively. The XRD patterns of the Gd(OH)3:Eu nanowire and Gd2O3:Eu3+ nanowire agree well with the
JCPDS No. 83-2037 and 86-2477, respectively. The strong red emission peak of the Gd2O3:Eu3+ nanowire was measured at 613
nm, which is attributed 5D0→7F2 transition of Eu3+ ion by the excitation wavelength 254 nm.

P2-D057
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Optical Properties of CaSrSiO4:Eu3+, Eu2+ Phosphors Prepared by Water Soluble Silicon
Compound Based Sol-gel Method

WOO Hyun-Joo, KWON Bong-Joon1, GANDHI Sakthivel1, SHIN Dong-Soo2, JANG Kiwan
Changwon national university, Department of physics. 1Changwon national university, Research institute of basic
sciences. 2Changwon national university, Department of chemistry.

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.

The present work is aiming to synthesize phosphor by different methods and to explore the structural,
morphological and luminescent properties of the developed phosphors. Powder samples of
CaSrSiO4:Eu3+, Eu2+ were prepared by sol-gel method based on water soluble silicon compound. The
synthesized phosphors were characterized by using X-ray powder diffraction, field emission scanning
electron microscope, and spectrofluorophotometer. A systematic investigation was carried out to study the
effect of sintering atmosphere, temperature and dopant concentration on the photoluminescent properties
of CaSrSiO4:Eu3+, Eu2+ phosphors.

P2-D059

Energy-storage Density of the Bi0.5(Na0.82K0.18)0.5(Ti1-xMnx)O3 Ferroelectric Thin Films

,

,
,
,
,
.
Dielectric materials play a key role in modern electronics and electric power systems to control store charges and electric
energies. As the requirements grow for very high energy and power capacitive storage systems, dielectric materials with high
power and energy density becomes a major enabling technology. Recently, dielectric capacitors with thin film are increasing
attention by electronic devices toward miniaturization, light weight, and integration.We have grown the lead-free Bi0.5
(Na0.82K0.18)0.5(Ti1-xMnx)O3 (BNKTM-x) ferroelectric thin films on Pt/TiO2/SiO2/Si substrate using Sol-Gel process. The
physical properties of BNKTM-x thin films were investigated by measuring SEM, XRD, P-E hysteresis loop, current-voltage
characteristics and energy-storage behaviors. We also discussed energy storage density and efficiency in the BNKTM-x thin
film.
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P2-D060

The ferroelectric and dielectric response in the blend films of P(VDF-TrFE) based polymers

, ULLAH Amir,
,
,
, EHSRC.
In order to investigate the ferroelectric responses, blends of ferroelectric relaxor poly(vinylidene difluoride-trifluoroethylenechlorofluoroethylene) (P(VDF-TrFE-CFE)) terpolymer and normal ferroelectrics poly(vinylidene –difluoride-cotrifluoroethylene) (P(VDF-TrFE)) copolymer films are investigated. At low copolymer content (< 20 wt%), the coupling
between the relaxor terpolymer and the nano-phase copolymer transforms the copolymer into relaxor and causes an increase in
the crystallinity compared with neat terpolymer. As a consequence, the blends exhibit an enhanced relaxor polarization response
compared with those in the neat terpolymer. At high copolymer content, the blends display mixed structures of the two
components.By varying composition, the dielectric and ferroelectric properties of blends can be tuned in the range between the
copolymer and terpolymer. This blend system provides a model system to study how random defects influence the polarization
response in the normal ferroelectric copolymer.

P2-D061

Reversal of self-polarization properties of lead-free (K0.5Na0.5)(Mn0.005Nb0.995)O3

ferroelectric thin films on Nb:SrTiO3 substrate
1,
1, TANGE Achiri Celestine
,
, EHSRC. 1
.
Lead oxide-based piezoelectric materials such as Pb(Zr,Ti)O3 films are widely used for various actuators, sensors and
transducers in the micro-electro-mechanical systems (MEMS) due to their excellent piezoelectric properties. However, in recent
years, lead-free piezoelectric films have received increasing attention for environmental protection. The (K,Na)NbO3 (KNN)based material is a promising lead-free candidate for piezoelectric applications owing to its high Curie temperature and
excellent piezoelectric properties. However, almost systematic work did not reported in the KNN-based thin films so far except
for some studies on (001) preferred orientation. In this study, epitaxially grown (K0.5Na0.5)(Mn0.005Nb0.995)O3 (KNMN) thin
film was prepared by the Sol-Gel processing on Nb:SrTiO3 (001) single-crystalline substrate and investigated the surface
morphology, crystal structure, ferroelectric and piezoelectric properties. The polarization of as grown KNMN film exhibits
down poling state and polarization of film applied +10V reversed up poling state.
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P2-D063

Polarization modulation Induced by Spin-Dependent p-d Hybridization in Cu2V2O7

LEE Yong-woo, JANG Tae-hwan, DISSANAYAKE S.E.1, LEE Sunghun1, JEONG Yoon Hee
POSTECH, Department of Physics. 1University of Virginia, Department of Physics.
In low-dimensional magnets, the spatial arrangement of magnetic atoms is often misleading, since the magnetic couplings do
not show a distinct correlation with distances between these atoms. In contrast, symmetries and overlaps of individual atomic
orbitals play a crucial role. Cupric divanadate (Cu2V2O7), one of the copper-vanadium oxides, is an instructive example that
demonstrates the relevance of these characteristics for the microscopic magnetic model. We have investigated the variation of
induced electric polarization under a magnetic field in a canted antiferromagnet Cu2V2O7. While the modulations of
polarization cannot be explained by the spin current model nor the exchange striction mechanism, it is induced by the spindependent p-d hybridization between the transition metal Cu and ligand O via the spin-orbit interaction.
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Micro-structural and Electrical Properties of Chemical Solution Deposited Li-ZnO/BiFeO3
Double-layered Thin Film
,
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Electrical Properties of Bi4Fe2O9 Thin Films Prepared by a Chemical Solution Deposition
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P2-D068

Lead-free LiNbO3 nanowire based nanocomposite for piezoelectric power generation

,

,
,
.
As the restriction of hazardous substances becomes an emerging issue, much attention has been paid to lead-free piezoelectric
materials with perovskite structure. Among the candidates to replace toxic lead zirconate titanates, alkaline niobates have been
regarded as one of the most appropriate materials due to their high Curie temperature, piezoelectric coefficient, and
electromechanical coupling coefficient. In addition to nano electromechanical system (NEMS) applications, one of the most
challenging applications of nano-size lead-free piezoelectric materials is a nanogenerator which can effectively convert
ubiquitous mechanical vibrations into electricity. Due to the low power consumption of modern devices, lead-free piezoelectric
nanostructure based nanogenerators could be a powerful alternative to replace battery. We fabricated the flexible nanogenerator
using a lead-free LiNbO3 nanowire-PDMS polymer composite. The open-circuit voltage and closed-circuit current for the e33
geometry are larger than those for the e31 geometry. Up to 105 cycles of strain, the generated power is quite stable and the
dielectric constant and electric loss do not change significantly. If the volume ratio of LiNbO3 increases, the power generation
could increase. However, the composite devices should become fragile and lossy. Optimization of the mixing ratio between
LiNbO3 nanowires and PDMS is important for stable power generation. This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea government (MEST) (No. 2012M2B2A4029408).

P2-D069

Possible coexistence of piezoelectricity and electric conduction in oxygen-deficient NaNbO3-d

nanocubes
,

,

.
As one of the end members for (K,Na)NbO3 and (Li,Na)NbO3, NaNbO3 shows very complex phase diagram including
complicate structural phase transitions with temperature. The antiferroelectricity of NaNbO3 is easily modified to
ferroelectricity through external stimuli, such as electric field, oxygen deficiency, and strain. In addition, NaNbO3 shows an
interesting size effect, i.e. grain size dependent crystal symmetry. Till now, there are few attempts to endow semiconducting
electrical property to NaNbO3. Here, we report the investigation of the role of oxygen vacancy on the structural and electrical
properties of NaNbO3 nanocubes. As the oxygen vacancy increases, highly insulating NaNbO3 with ferroelectricity seems to
change into leaky NaNbO3-d with piezoelectricity, accompanying the increase of lattice constants. These results may imply that
ferroelectricity/piezoelectricity and electrical conduction could be coexisted in oxygen deficient NaNbO3-d

nanocubes.
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Temperature-dependent local structural properties of Mott insulator Ti2O3

HWANG I.-H., JIN Zhenlan, PARK C.-H., HAN S.-W.1, JIANG Bingzhi2
Department of Physics Education and Institute of Fusion Science, Chonbuk National University. 1Corresponding
Author:shan@jbnu.ac.kr. 2Department of Physics, Yanbian University.
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temperatures

Study on transport properties of ultra-thin ferroelectric BaTiO3 films at various

SHIN Yeongjae, KIM Y. S., LEE S. R., JEON B. C., SINN S, YANG S. M.1, YOON J. -G2, CHUNG J. -S.3, NOH T. W.
Center for Correlated Electron Systems, Institute for Basic Science (IBS), and Department of Physics & Astronomy, Seoul
National University, Seoul 151-747, Republic of Korea. 1Oak Ridge National Laboraotory. 22Department of Physics,
University of Suwon, Hwaseong, Gyunggi-do 445-743, Korea. 3Department of Physics, Soongsil University, Seoul 156-743,
Korea.
Ferroelectric materials have attracted significant attention due to its potential applications for future devices. Among those
potential device applications, a new concept of tunnel junction by employing an ultra-thin ferroelectric as a tunnel barrier has
drags considerable interests: polarization reversal in the barrier can change a barrier height of the barrier resulting in the tunnel
electroresistance (TER) effect. To fabricate the ferroelectric tunnel junction (FTJ) and understand the conduction mechanism,
we have deposited ultra-thin BaTiO3 (BTO) films on bottom electrodes of SrRuO3 by using pulsed laser deposition method. The
high crystallinity and flat surface were confirmed by X-ray diffraction and atomic force microscope (AFM). Their transport
properties are measured using piezoelectric force microscope and conductive AFM and will be presented. Our experimental
results suggest deep insights for FTJ applications as well as understudying ultra-thin ferroelectric films.

P2-D073*

Atomic Scale Observation of Pb(Zr0.52Ti0.48)O3 Nanocrystals Grown onto the Surface of
Carbon Nanotubes using Sol-gel Technique

HAN Jin Kyu, JEON Do Hyun, KWAK Jin Ho, BU Sang Don
Department of Physics, Chonbuk National University.
Carbon nanotubes (CNTs) have attracted extensive attention since they have been applied to a support material for the
stabilization of metal oxide nanoparticles (MO-NPs) and they exhibits high chemical, thermal resistance and surface-to-volume
ratio. In recent years, the hybrid nanocomposites consisting of CNTs and ferroelectric MO-NPs have received a huge interest
due to their potential applications to electromagnetic wave absorbers and ferroelectric field-effect transistors. The electrical
properties of the nanocomposites are known to be governed by how to growth the nanoparticle on the multi-wall CNTs
(MWCNTs). However, analysis of an atomic scale bonding near the interface of ferroelectrics NPs and CNT is not yet reported.
To investigate the interface in atomic scale, we controlled the size of the Pb(Zr0.52Ti0.48)O3 (PZT) NPs on the MWCNTs
through mole concentrations of sol-gel solution and analyzed the morphological, structural, and compositional properties of the
hybrid materials composed of MWCNTs and PZT NPs, where the PZT NPs were grown directly onto the MWCNTs surface.
The hybrid nanocomposites were prepared by an injection method of the PZT sol-gel solution into the PTFE syringe filter
including the functionalized MWCNTs. We observed that the diameter of PZT NPs in the hybrid materials increased with
increasing concentrations of PZT solution from 0.05 to 0.30 M. We also found Ti-deficient layers between PZT NPs and
MWCNTs, which is crucial factor for the formation of the PZT NPs on the MWCNT. This Ti-deficient layer at the interface
may be originated from the reducible property of the TiO2 formed during crystallization process of the PZT perovksite.
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Synthesis of Epitaxial Tungsten Oxide Thin Films

YANG Chan-Ho, YUN Shin Hee1, WOO Chang-Su1, LEE Jin Hong1, KIM Gwang Eun1
Department of Physics, KAIST, Institute for the NanoCentury, KAIST. 1Department of Physics, KAIST.
The bulk phase of tungsten oxide has received particular attention such as gas sensors, electrochromic windows, and photocatalysts [1,2,3,4,5]. But high quality epitaxial growth of the tungsten oxide had not been achieved so far. Thus we grew ~300
nm-thick epitaxial layers showing atomically smooth step terrace structure by pulsed laser deposition. Then we characterized its
crystal structure through x-ray reciprocal space maps, and found that the film has monoclinic structure. In addition, we observed
that the as-grown film exhibits a stripe domain structure elongated along <110> axes at room temperature. Based on our high
quality samples and doping studies, we may expand our researches into the emerging field of research, i.e. 5d-orbital physics
including topological insulators, high temperature superconductors and spin-liquid state [6,7,8]

P2-D075*

Emisson and electronic structure of Mn doped SrZrO3

,
,
.
The Mn ion doping has been widely utilized for improving the dielectric property and inducing new magnetic/optical property
of d0 band insulators. We newly synthesized Mn-ion doped SrZrO3 (SrZrO3:Mn) in the solid state reaction method, and
investigated their emission property with 325 nm photo-excitation. Our emission spectra show several sharp modes near 700
nm, which are the 2E → 4A2 transition with the zero-phonon line at 676 nm, and the associated side bands for the doped Mn4+
ions. Strong temperature dependence in these emission modes might be related to the dielectric behavior in this material. The
photoluminescence- excitation and absorption spectra show two broad bands at near 350 nm and 500 nm, which were associated
with 4A2 → 4T1 and 4A2 → 4T2 transitions, respectively. We compare our findings with the case of other Mn ion doped
compounds such as SrTiO3:Mn.
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P2-D077
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RTe2 (R=Ce, Pr)

DENLINGER J.D2,
,
. 1
. 2Lawrence Berkeley National Laboratory, USA.
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Luminescent Properties of Boron and Phosphorus Doped Si-NC/SiO2 Multi-layers by Ion

Implantation

JOO BeomSoo, JANG Seunghun, JEONG Jiwoon, HAN Moonsup
University of Seoul, Department of Physics.
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P2-D078

Adsorption of Mg on single layer graphene formed on SiC(0001)

,
,
,
,
,
,
POSTECH.
We have investigated changes in electronic properties of graphene induced by adsorption of magnesium atoms on single layer
graphene (SLG). We have grown SLG on the SiC(0001) surface using the recipe well known and confirmed the formation of
SLG through the changes in the low energy electron diffraction (LEED) patterns also well documented. More convincingly we
confirmed the formation of SLG by observing the linear Dirac π-band by using angle-resolved photoemission spectroscopy
(ARPES). Upon adsorbing Mg at room temperature, we find no detectable change in the band dispersion. Upon annealing the
sample, however, we find the Dirac point shifted downward by 1.0 eV showing apparently the n-doping effect arising from Mg
adatoms. The detailed mechanism for the origin of the n-doping is underway through a first principle calculation.
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P2-D080

Opening of a band gap of graphene by doping Na+ ions

,
,
,
,
,
Postech.
We have investigated the opening of a band gap caused by the adsorption of Na+ ions on a SLG formed on 6H-SiC(0001)
surface. From our angle-resolved photoemission spectroscopy, and high-resolution core level spectroscopy data obtained by
using synchrotron radiations, we find changes in electronic as well as in bonding configurations consistent with the opening of a
band gap due mainly to the asymmetry in charge distribution caused by Na ion dopants. The random distribution of adsorbed
Na+ ions produces the band gap at the center of the Brillouin zone. We show that the size of the band gap changes depending on
the coverage of Na ions, which suggests a way of producing and controlling the band gap of SLG in a systematic way.
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P2-D082

First-principles Study on the Diffusion Processes of Metal Nanoclusters on Hydroxylated
MgO(001) Surfaces
,

,
.
Metal nanoclusters on oxides have attracted considerable interest because of their scientific and technological importance as
catalysts in many industrially important chemical reactions, such as CO oxidation. In particular, many studies have been carried
out to understand the effects of water on oxide-supported metal nanoclusters. At moderate temperatures, oxide surfaces in
realistic catalytic reactions are known to be covered by a certain amount of hydroxyl groups. Recent experiments reported that
the surface-functional hydroxyl groups significantly affect the nucleation and the sintering of Au nanoparticles deposited on
MgO(001) surfaces. Despite increasing efforts in the investigation of the effect of water, the detailed atomic processes in the
nucleation and the sintering of metal nanoclusters on hydroxylated oxide surfaces remain unknown. To have an understanding
of the diffusion processes of metal nanoclusters on oxide surfaces with surface-functional hydroxyl groups, we herein
systematically investigated atomic structures, surface diffusion, and energetics of Au nanoclusters on hydroxylated MgO(001)
surfaces using first-principles calculations based on density functional theory (DFT). The DFT results provide atomistic
information on how surface-functional hydroxyl groups affect the nucleation and the sintering of Au nanoclusters on
hydroxylated MgO(001). Further analysis also shows physical insight into the nucleation and the sintering of Au nanoclusters,
which are crucial to a loss of surface active sites of metal clusters.We gratefully acknowledge support from the National
Research Foundation of Korea under Grant No. NRF-2013-022257 (B.D.Y.). The calculations in this work were performed in
part by using the supercomputing resources of the Korea Institute ofScience and Technology Information under Grant KSC2013-C3-003.

P2-D083*
,

,
,

Synchrotron x-ray mediated synthesis of Au nanoparticles on ZnO nanowires
.

Metal nano-crystals have been received much attentions owing to their excellent catalytic property and
surface plasmon effect. In the last decade, many studies on synthesizing well-dispersive nanoparticles and
on understanding their distinct physical properties have been performed. There were tremendous reports
revealing the electrochemical activities and enhancement of surface plasmonic effect were dependent
mainly on the size, shape, and composition. So far, most fabrication methods have been based on vacuum
based deposition techniques, such as chemical vapor deposition and electron-beam evaporation, and then
annealed them to transform into the nanoparticles. Recently, there were several reports regarding to the
photoinduced nano-crystal synthesis as an effective way to produce the metal nanoparticles.
In this study, we report synchrotron x-ray mediated synthesis of Au nanoparticles on ZnO nanowires. ZnO
nanowires were fabricated by hydrothermal method, and then they were dip into a solution having Au
clusters. Detailed structural evolution of Au nanoparticles was investigated using scanning electron
microscopy and photoluminescence measurements. The results on formation of well-dispersive Au
nanoparticles on ZnO nanowires will be presented.
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,

In situ x-ray scattering study of the spinodal deomposition in AuNi nano particles
1,

2,

3,

,
.
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.
AuNi nanoparticles(NPs) has attracted attention as energy-related materials due to their superior catalyst properties. AuNi
system is widely known to undergoes spinodal decomposition at room temperature. The composition of AuNi is critical since it
determines the surface atomic configuration and electrochemical activities. In this report, we present in-situ x-ray scattering
study of spinodal decomposition in AuNi NPs. AuNi NPs were fabricated by exposing Au/Ni bilayer films deposited on
sapphire(0001) to Nd:YAG Laser(532nm) pulses at 0.518W. To measure the spinodal decomposition in AuNi NPs, we carried
out the in-situ XRD experiment in Pohang Light Source as increasing the temperature in vacuum. At Room temperature, only
one XRD peak appears which means the NPs is alloy state due to laser annealing. As temperature goes up, the alloy peak is
divided into two peaks, Ni-rich and Au-rich peak. In addition, we found that the composition of system is determined only by
temperature following the phase diagram of AuNi alloy system.
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P2-D086*

Microscopic Mechanism for Asymmetric Charge Distribution in Rashba-type Surface States
and The Origin of The Energy Splitting Scale

KIM Beomyoung, KIM Panjin1, JUNG Wonsig, KIM Yeongkwan, KOH Yoonyoung, KYUNG Wonshik, PARK Joonbum2,
MATSUNAMI Masaharu3, KIMURA Shin-ichi3, KIM Jun Sung2, HAN Jung Hoon1, KIM Changyoung
Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Korea. 1Department of Physics and BK21 Physics
Research Division, Sungkyunkwan University, Suwon 440-746, Korea. 2Department of Physics, Pohang University of Science
and Technology, Pohang 790-784, Republic of Korea. 3UVSOR Facility, Institute for Molecular Science and Graduate
University for Advanced Studies, Okazaki 444-8585, Japan.
Microscopic mechanism for the Rashba-type band splitting is examined in detail. We show how asymmetric charge distribution
is formed when local orbital angular momentum (OAM) and crystal momentum get interlocked due to surface effects. An
electrostatic energy term in the Hamiltonian appears when such OAM and crystal momentum dependent asymmetric charge
distribution is placed in an electric field produced from an inversion symmetry breaking (ISB). Analysis by using an effective
Hamiltonian shows that, as the atomic spin-orbit coupling (SOC) strength increases from weak to strong, originally OAMquenched states evolve into well-defined chiral OAM states and then to total angular momentum J-states. In addition, the energy
scale of the band splitting changes from atomic SOC energy to electrostatic energy. To confirm the validity of the model, we
study OAM and spin structures of Au(111) system by using an effective Hamiltonian for the d-orbitals case. As for strong SOC
regime, we choose Bi2Te2Se as a prototype system. We performed circular dichroism angle resolved photoemission
spectroscopy experiments as well as first-principles calculations. We find that the effective model can explain various aspects of
spin and OAM structures of the system.

P2-D087*

Role of strain and electric filed in phase transition of indium nanowire on Si(111)

, ZHANG Hui1, ZHANG Qiang1, ZHU Hongbin1, CHEN Yueru1, ZENG Changgan1, ZHANG Zhenyu2,
,
. 1University of Science and Technology of China, Hefei National Laboratory for Physical Sciences at
the Microscale and Department of Physics. 2University of Science and Technology of China, International Centor for Quantum
Design of Functional Materials.
Electronic fabrication, a novel concept to construct the patterned electronic heterosturctures in an otherwise electronically
uniform structure using defects or externally applied electric fields, possesses inherent advantages for the integration and
miniaturization of functional electronic devices. Here we show in a simple metal/semiconductor system, the indium (In)
nanowires on the Si(111) surface, that the creation of defects can tune the ground state from a homogeneous 8x2 insulating
phase to an electronic phase separation of the 8x2 insulating and 4x1 metallic phases. Furthermore, it is found that an externally
applied electric field can reversibly control the phase transition between the 8x2 insulating phase and the 4x1 metallic phase.
Our first-principles theoretical study demonstrates that strains and external electric field influence the energy stabilities of the
insulating and metallic structures, thereby providing explanations for our observations of defect-induced electronic phase
separation and electric-field-induced phase transition.
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P3-D088

Terahertz Study of RDX and HMX

CHOI Kyujin, HONG Taeyoon, HA Taewoo, PARK Byung Cheol, SIM Kyung Ik, CHUNG Jin Hyuk1, CHO Soo Gyeong1,
KIM Jaehoon
Department of Physics and Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Korea. 1Defense
Advanced R&D Institute, Agency for Defense Development, P.O. Box 35, Yuseong, Daejeon 305-600, Korea.
The terahertz time-domain spectroscopy has been utilized as a sensitive tool in molecular vibrational mode detection of
explosives. We report on our reflection terahertz time-domain spectroscopic study of bulk RDX and HMX pellets without the
Kramers-Kronig analysis. Despite numerous advantages of reflection measurements on bulk materials, it is difficult to
implement a phase correction against the misplacement phase error between an explosive and a reference mirror. With the phase
error correction utilizing the maximum entropy method, terahertz properties of RDX and HMX were investigated in the 0.3 – 3
THz region.

P3-D089

Visualizing Conformational Changes and Diffusion Dynamics of DNA Replication
Holoenzyme Beta-sliding clamp
CHO Wonki, JERGIC Slobodan1, KIM Daehyung, DIXON Nicholas E.1, LEE Jong-bong
POSTECH, Dept. of Physics. 1Wollongong univ., School of Chemistry.

The Escherichia coli DNA polymerase processivity-promoting factor, β-clamp is loaded onto ss/dsjunction by γ-complex clamp loader by forming nucleotides-binding provoked β-γ-complex. After
recognition of 5'-single-strand primed site, sequential ATP hydrolysis drive β-clamp closing to encircle
DNA and release β-clamp on DNA. Using single-molecule FRET and polarization assay we identified the
series of loading events of β-clamp on DNA and moreover observed intra-molecular conformational
change during closing the DNA entrance on dimer interface of β-clamp which is known to be driven by
first ATP hydrolysis energy of γ-complex. We also measured diffusion constants of β-clamp under various
ionic strengths and flow-induced drag forces by real-time fluorescent particle tracking. As a result, βclamp undergoes rotational diffusion along DNA in a manner of hopping.

125

P3-D090

Distinct behaviors of distributive and processive exonucleases detected by single molecule

FRET

JEE Sangmi, YOO Jungmin, LEE Gwangrog
School of life Sciences, Gwangju Institute of Science and Technology.
DNA exonucleases catalyze numerous biological processes. Their activities have been studied and classified as either
distributive or processive. However, the molecular basis determining the distributive and processive behaviors has not been
understood. We used single molecule FRET to examine the characteristics of distributive and processive enzymes. The activities
of exonuclease III and lambda exonuclease are dissected into two phases upon binding: initiation and degradation. The initiation
of exonuclease III is independent of protein concentration but the degradation is concentration dependent. The concentrationindependence of initiation suggests that the functional catalytic form is monomeric while the concentration-dependent behavior
of degradation is indicative of a distributive enzyme due to high tendency of dissociation. We also examine how the three
enzymatic sites of lambda exonuclease are coordinated and find that they do not have cooperativity. We further examine the
operation mechanism of multi-catalytic sites. We find that the tendency of backtracking on ssDNA increases when the
degradation slows down.

P3-D091

Terahertz Spectroscopy of Traditional Korean Pigments

SIM Kyung Ik, CHOI Kyujin, HONG Taeyoon, HA Taewoo, PARK Byung Cheol, KIM Jonghyeon, KIM Jae Hoon
Department of Physics and Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Korea.
The terahertz time-domain spectroscopy (THz-TDS) is an emerging technique for nondestructive inspection of both novel and
traditional materials. We report on our transmission THz-TDS study of several traditional Korean pigments on traditional
Korean paper. We determine the refractive index and the absorption spectra in the 0.3 – 3 THz region. The pigments exhibit
intense and sharp peaks ideal for identification of those materials.
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P3-D092

Pressure dependence of acoustic behaviors and refractive index of amorphous Kel F-800
copolymer studied by Brillouin spectroscopy

JEONG Min-Seock, KO Jae-Hyeon, KO Young Ho1, KIM Kwang Joo1
Hallym University, Department of Physics. 1Agency for Defense
Development.
The pressure dependences of the longitudinal sound velocity and the
refractive index of amorphous KelF-800 copolymer were investigated for
pressures up to 13 GPa using high-pressure Brillouin spectroscopy
combined with a diamond-anvil-cell technique. The sound velocity
increased rapidly with increasing pressure at pressures below ~2 GPa,
whereas it showed a mild change at higher pressurevalues. This was
attributed to substantial collapse of effective free volume in this
amorphous material. The refractive index could be measured by
comparing the Brillouin spectra measured from backward andforward,
symmetric scattering geometries. The pressure-density relationship could be obtained by using Lorentz-Lorenz equation based
on an assumption of constant polarizability, which was consistent with that reported by previous study.*This work was
supported by the Defense Research Laboratory Program of the Defense Acquisition Program Administration and the Agency for
Defense Development of Republic of Korea and by the Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (2013R1A1A2006582);

P3-D093
,

Measurement of the in vivo transcription rate of bacterial RNA polymerase
,

1

. 1
,
.
RNA polymerase (RNAP) is an enzyme that synthesize RNA chains from DNA templates. Several studies have shown
transcription elongation rate using biochemical and single molecule methods but these methods are not quantitative of mRNA
level and require plenty of mRNA to visualize them on gel. Here we determined the in vivo elongation rate of T7 RNA
polymerase which is N-terminally tagged with eYFP (eYFP-T7RNAP) and E. coli RNA polymerase on lacZ gene. We designed
two short probes and used real time PCR to monitor probe hybridization near the 5' or 3' end of lacZ mRNAs. The elongation
rate is simply determined from the distance between two probe-binding sites and time elapsing between two sites by analyzing
the PCR data using 2−∆∆CT method. We also found there is no transcription-translation coupling effect for T7RNAP. Our
approach allowed us to measure the in vivo transcription rate more accurate and quantitative than old methods, such as RNA gel
analysis and radioactive probe hybridization method.
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P3-D094

Role of Iodide in β-(BEDT-TTF)2I3 crystal: Theoretical Study

JIN taewon, SHIM jihoon1
Department of Chemistry, Pohang University of Science and Technology, Pohang, Korea. 1Division of Advanced Nuclear
Engineering, Pohang University of Science and Technology, Pohang, Korea.
BEDT-TTF is well known for strongly correlated system and shows an interesting behavior when it takes form of crystal with
other compounds. For example, β-(BEDT-TTF)2I3 shows superconducting phase at 8 k. α-(BEDT-TTF)2I3 has two dirac cones
in bandstructure and shows charge ordering about 150 K. In recent, it shows to be a powerful candidate of organic metal
because (BEDT-TTF)3Br(pBIB) shows Fermi liquid behavior for the first time in organic compound.In this study, we calculate
bandstructure and Density of state of β-(BEDT-TTF)2I3 to compare with the energy level of iodine. In conclusion, we suggest
that iodide contributes the localized band of β-(BEDT-TTF)2I3 near the fermi level which makes band crossing with other
dispersive band.

P3-D096

Unfolding/Refolding of TPP Riboswitch Aptamer and Its Effect on Aptamer Structure

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 manipulated unfolding/refolding state of TPP riboswitch aptamer with optical tweezer and measured FRET
signal simultaneously with confocal microscope. The result indicates that TPP riboswitch aptamer structure can be changed by
unfolding/refolding process.
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P3-D097

“Single-cell” single-molecule co-IP analysis

RYU Ji Young, KIM Ji Hye, BAE JiSEOP, LEE Wonhee, YOON Taeyoung
KAIST.
aa

P3-D098

Real-time Observation of Passive/Active Nucleosome Sliding

KIRK Jaewon, LEE Yejin1, SONG Ji-Joon1, HONG Sungchul2
Department of Physics and Astronomy, Seoul National University, Seoul,
151-747, Republic of Korea. 1Department of Biological Sciences,
Graduate School of Nanoscience and Technology, KAIST, Daejeon, 305701, Republic of Korea. 2Department of Physics and Astronomy,
Department of Biophysics and Chemical Biology, National Center of
Creative Research Initiatives, Seoul National University, Seoul, 151-747,
Republic of Korea.
Nucleosome is basic unit of chromatin, which packs long DNA into
nucleus. In transcription or replication process, treating nucleosome is
important because nucleosome blocks DNA/RNA polymerase. In this
case, it is known that nucleosome is translocated by chromatin
remodellers, or slides passively. Here, I labelled two fluoresent dye on
nucleosome, and observed nucleosome sliding by FRET (single-molecule
fluorescence resonance transfer). We got relation between dye position
and FRET ratio, and observed translocating activity of ChromatinHelicase-DNA binding protein 1 (CHD1).

129

P3-D099

Super-resolution Imaging Of Longevity-regulating DAF-16 Isoform In Caenorhabditis

Elegans

PARK Sangjun, LEE Jinwoo, SEO Beomseok1, LEE Junho1, HOHNG Sungchul
Seoul National University, Department of Physics and Astronomy. 1Seoul National University, School of Biological Science.
In Caenorhabditis elegans, DAF-16 protein is known as regulation of longevity, stress, and dauer behavior. In addition, DAF-16
has eight isoforms from DAF-16a to DAF-16h. Especially, DAF-16a, DAF-16b, and DAF-16d/f is reported to control longevity.
This study aims to image DAF-16a, DAF-16b, and DAF-16d/f with single-molecule fluorescent in situ hybridization. To get
high resolution images, we use super-resolution microscopy such as stochastic optical reconstruction microscopy(STORM).

P3-D100

Observation on the Shaping of Transcription Initiation Complex and TATA Binding
Protein-caused DNA Bending by Using Single-Molecule Fluorescence Resonance Energy Transfer
,

1,

1,

,
. 1KAIST,
.
The TATA-binding protein(TBP), which is a part of transcription factor II D(TFIID), is core element for transcription of
eucaryotes. It has an ability to bind on specific DNA sequence called TATA box and to bend the DNA strand sharply, which
commence to transcript by composing a transcription initiating complex with RNA polymerase II(RNAPII) and other
transcription factors including TFIIB or TFIIE. We employed multi-colour single-molecule fluorescence resonance energy
transfer(smFRET) technique to investigate this progress, and attempt to clarify the formation of TFIID - TFIIB - RNAPII
complex and accompanying bending kinetics of DNA.
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P3-D101

Various physical parameters regulate RNA annealing activity of Hfq protein

HWANG WONSEOK, ARLUISON VERONIQUE1, HOHNG SUNGCHUL
Seoul National University, Department of Physics and Astronomy. 1Université Paris Diderot, Sorbone Paris Cité, France.
Bacteria regulate their gene expression level in response to various environmental stresses. One of their noble regulation
methods is small non-coding RNAs (sRNA) which acts at the post-transcriptional level by base-paring with their target mRNA.
For example, E. coli DsrA sRNA is expressed under cold shock and up-regulates RpoS (sS) transcription factor by base-paring
with rpoS mRNA. It is well known that this sRNA regulation process requires the RNA chaperone Hfq for efficient RNA
duplex formation. However, how the RNA annealing activity of Hfq protein is modulated under varying physical parameters
inside cell is ill-understood. Here we investigate how the annealing activity of Hfq is regulated by various physical parameters
via single-molecule Fluorescence Resonance Energy Transfer (FRET) assay. We use dye-labeled synthetic RNA fragments
obtained from E. coli DsrA sRNA and from its target mRNA, rpoS as a model system. We found that temperature and
concentrations of various salts modulate the annealing efficiency by regulating the turnover number of Hfq. The molecular
crowding, which Hfq may encounter in vivo, enhances the annealing efficiency via volume exclusion effect. Collectively, our
results suggest that the activity of Hfq can be sensitively modulated by various physical parameters found in vivo.

P3-D102*

Single-Molecule FRET Studies on Gyrase

SEO SANGMIN, NABARRO SETH1, HWANG WONSEOK, HOHNG SUNGCHUL
Department of Physics and Astronomy, SNU. 1Department of Physics, Imperial College London.
Gyrase is one of the type II topoisomerase which manages supercoiling in double strand DNA during replication. Like other
type II topoisomerases, gyrase uses ATP and does some mechanical working. The single molecule Fluorescence Resonance
Energy Transfer (smFRET) of fluorescently labelled double strand DNA (~200bp) bound with wild-type gyrase has been
analyzed in an attempt to deduce the mechanism of gyrase supercoiling. 3 clear states have been observed: DNA not bound to
gyrase; the α state, a wrapped intermediate and the Ω state, a stable, bound configuration. The behavior of gyrase mutantsΔCTD
and Y123F has also been examined to elucidate the roles of C-terminal domain and DNA cleavage respectively. The
dependence of the cycle on ATP hydrolysis was investigated, and further examined using the non-hydrolysable homologue
AMP-PNP.
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P3-D103*

The Influence of Graphene Electrode at the Interface of Organic Material on the Charge
Carrier Transport in the Organic Thin Film Transistor

KOO Hyung Jun, SEO Sunae, KIM Tae Kwang, DU Hye Won, SHIN So Myeong
Department of Physics, Sejong University.
The poor charge injection due to large contact resistance at the interface of organic and metal electrode is one of main
concerns in Organic Thin-film transistor (OTFT), which is originated by large contact potential barrier and wettability
mismatch. The various kinds of buffer layer insertion has significantly reduced the contact resistance by altering the energy
level as well as surface property at the interface. Also, the enhanced crystallization of organic material with well-transformed
interface of proper surface energy and morphology can highly improve electrical property of OTFT with alleviated charge
carrier mobility in addition to modified contact property. Here we studied Poly(3-hexylthiophene)(P3HT) channel transistor
with graphene electrode grown by chemical vapor deposition(CVD) method. Graphene electrode, which has similar chemical
property with organic material, might provide better contact by generating molecular bonding with active channel material
compared with inorganic electrode. The active layer of transistor was prepared by spin-coating process with P3HT solution of
0.6 wt% dissolved in chlorobenzene and by annealing at 60'C during 20hours. We fabricated top contacted device structure and
transfer characteristics were measured by the application of back-gated voltage. The transistor with graphene electrode showed
boosted field effect mobility in comparison with the transistor with Au electrode. The gate dependence of P3HT device with
Source/Drain graphene electrode was elaborately investigated to understand the role of graphene at the interface of organic
material.

P3-D104*

Surface effect on immobilized dyes in single-molecule fluorescence experiment

LEE Jaejin, KIM Sung Hyun, KIM Doseok
Department of physics, Sogang University.
In typical single-molecule fluorescence experiments, dye labeled biomolecules are often immobilized on a glass surface so that
the biomolecules can be monitored sufficiently longer than the timescale of the dynamical process in question. To immobilize
the molecules, slide glass is functionalized (or coated) by proteins or polymers with an assumption of minimal and uniform
effect to the molecules. However, chemical condition of the surface may vary depending on the position, and this
inhomogeneity has limited the accuracy of the fluorescence measurement. In this study, we examined that position-dependent
fluorescence property of the dye which is attached to a DNA and immobilized on a quartz glass surface. To probe the individual
dye molecules, we used a scanning confocal microscope combined with a time-correlated single photon counting system
(TCSPC) to measure fluorescence decay lifetimes of individual molecules. By using time-tagged time-resolved mode in
TCSPC, we were available to record photon arrival times with sub-nanosecond time resolution, from which a fluorescence
intensity time trace and fluorescence decay life time can be obtained simultaneously. From this, we obtained position-dependent
quantum yield distribution of dye molecules, and compared the properties of two surfaces that are coated differently by bovine
serum albumin and polyethylene glycol.
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P3-D105*

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

A riboswitch is a non-coding region of an mRNA which recognizes a specific metabolite and regulates the expression of the
mRNA itself. They are composed of two domains: an aptamer domain which recognizes a metabolite, and downstream
expression platform. It is believed that metabolite binding to the aptamer domain induces a structural change of the riboswitch,
signaling “on” or “off” for the transcription or translation of the mRNA.
Recently, the fact that RNA folds sequentially as it is being transcribed is carefully considered for RNA structure prediction
and dynamics study. It has been shown that this co-transcriptional effect strongly influences RNA folding pathway suggesting
that the formation of transient conformations serves as a guideline for the following co-transcriptional folding.
We used fluorescence resonance energy transfer (FRET) to study conformational dynamics of the Escherichia coli thiM TPP
(thiamine pyrophosphate) riboswitch before and after elongation of the full length of it. Previously, we found that the open form
and the closed form recognize the ligand with similar preference and the final conformational transition of the riboswitch is
induced by the ligand. Using T7 RNAP elongation complex system, we will show that these dynamics are enhanced by the cotranscriptional RNA folding.

P3-D106*

Inositol Pyrophosphates Inhibit Synaptotagmin-Dependent Exocytosis
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Inositol pyrophosphates such as IP7 (5-diphosphoinositol pentakisphosphate) are highly energetic inositol metabolites
containing pyrophosphate bonds. While IP7 are known to regulate various biological events like metabolism, the
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molecular site of IP7 action in vesicle trafficking remains elusive. Here, we showed that IP7 potently inhibits synaptic
vesicle exocytosis in both in vitro reconstitution and cell culture settings. IP7 was identified as a high-affinity ligand for
synaptotagmin 1 (Syt1), a calcium sensor essential for membrane fusion. Interactions of IP7 with Syt1 reduced the

binding between Syt1 and Ca2+ as well as endowed Syt1 with its own negative effect, thereby suppressing Syt1 activation.
These findings reveal a role of IP7 as an inhibitor of the exocytotic pathway and expand our understanding of the
signaling mechanisms of inositol pyrophosphates.
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P3-D107*

Repetitive Unwinding and Fork Regression of WRN Helicase

LEE Jinwoo, YOO Sangwoon, KULIKOWICZ Tomasz1, BOHR Vilhelm1, AHN Byungchan2, HOHNG Sungchul
Seoul National University. 1National Institutes of Health. 2Ulsan University.
During DNA replication, the replication machinery frequently stalls at various DNA damages. Regression of stalled replication
forks by ATP-driven molecular motors is an indispensable process for reactivation of the stalled replication. To elucidate the
fork regression mechanism of Werner syndrome protein (WRN), we studied fork regression dynamics of single WRN molecules
at model replication forks. Surprisingly, WRN is a bidirectional motor which dynamically switches its branch migration
direction at various DNA modifications. Our data suggest that WRN might work as a coordinator of the whole reactivation
process of the stalled replication fork.

P3-D108*

Protein/water interface at different pHs probed by surface nonlinear optical spectroscopy

SUNG Woongmo, VAKNIN David1, WANG Wenjie1, NILSENHAMILTON Marit2, KIM Doseok
Department of Physics, Sogang University, Seoul 121-742, Korea. 1Ames
Laboratory and Department of Physics, Iowa State University, Ames,
Iowa 50011, USA. 2Department of biochemistry and biophysics &
molecular biology, Iowa State University, Ames, Iowa 50011, USA.
Structure and function of protein are dictated not just by composition but
by the primary sequence of amino acids. For instance, Mms6 membrane
protein found in magnetotatic bacteria (MTB) shows clear difference in
binding ability of ferric ions when the positions of amino acids in
hydrophilic part (N-terminal) are altered. Also, being surrounded by
different environment, local property of amino acid residue such as
effective pKa is expected change. In this study, to validate the change of
local environment depending upon the sequence, we investigated degree of ionization of Mms6 protein and its mutant in
air/water interface by using surface sum-frequency generation spectroscopy. In wild type Mms6 protein, SF intensity of OH
stretch modes gradually increased up to ~pH 12 although carboxyl groups (in aspatic and glutamic acids) have pKa ~5. In low
pH region under pH 3, OH SF intensity increased again because amine group (in arginine) gets positively charged. Interestingly,
spectral band in low pH region showed significant red shift which indicates that stronger hydrogen bonding was formed
between interfacial water molecules. On the other hand, in m2Mms6 which has shuffled amino acids, spectral intensity
increased monotonically in all pH region without any clear change in the spectral shape.
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P3-D109*

Single-molecule study on RNA guide domain function with Human Argonaute2

JO Myung Hyun, SHIN Soochul1, JUNG Seung-Ryoung2, KIM Eunji3,
SONG Ji-Joon3, HOHNG Sungchul4
Seoul National University, Department of Physics and Astronomy, Center
of Creative Research Initiatives. 1Seoul National University, Department
of Biophysics and Chemical Biology, Center of Creative Research
Initiatives. 2University of Washington, Department of Physiology and
Biophysics. 3KAIST, Department of Biological Sciences, Graduate
School of Nanoscience and Technology,. 4Seoul National University, Department of Physics and Astronomy, Department of
Biophysics and Chemical Biology, Center of Creative Research Initiatives.
Argonaute compose RNA-induced silencing complex (RISC) to be responsible for the gene silencing procedure. This
phenomenon known as RNA interference regulate gene expression by causing destruction of specific mRNA moleucles.
Detailed argonaute machanism still remained unclear even though recent tremendous interest and study on RNAi and argonauts.
By applying sinlge molecule Flurescent Resonance Enegy Transfer (smFRET) assay on human Argonaute 2 which show unique
cleavage activity, we obseved and measured kinetic paprmaters including binding and cleavage rate of them. Guide starnd can
be devided into seeding and 3' supplementary region with anchor, central, and tail regions. And this postet focus on showing
that each part of guide strands effect which kind of kinetics how argonaute divide its RNA guide into functional domains with
distinc function.

P3-D110

Search for a New Type Superconductor in Nb-based 1212 Cuprates

LEE Ho Keun, LEE Man Seok, KIM Ga Won
Kangwon National University.
The structure of NbSr2RCu2O8 compounds (R = rare earth elements) are derivatives of that of the RBa2Cu3O7 phase in which
the CuO chain layer and Ba atoms are replaced by NbO2 layer and Sr atoms, respectively. No superconductivity was observed
for the NbSr2RCu2O8 compounds so far. However, it was recently reported that superconductivity with onset Tc of 40 K can be
induced by the Sn doping for Nb in Nb1-xSnxSr2EuCu2O8-y system. In the present work, we report our efforts to search a new
type superconductor in (Nb,M)Sr2RCuOz system and successful synthesis of new superconducting compounds with Tc above
50 K.
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P3-D111

Quench Simulation of the KSTAR PF Magnet

LEE H. J., PARK Y. M., PARK D. S., YANG H. L.
NFRI.
The KSTAR PF upper and lower superconducting magnets, which is a symmetric pair, were made of Nb3Sn superconducting
strands. The magnets of Cable-In-Conduit Conductors (CICCs) type were wound with no internal joint by the continuous
pancake winding method. It is cooled with supercritical helium (SHe) at 4.5 K and 5.5 bar. The forced flow of SHe was
circulated by the PF circulator with pressure head around 2 bar. The cooling channels are designed to have the same length of
64.5 m for the flow optimization of magnets (PF1~PF4). During the single magnet test for 2011 KSTAR campaign, the PF1
lower magnet quenched when the current applied to the PF1 upper and lower magnets from -15 kA to 15 kA with ramp rate 6
kA/s. In order to magnet protection, the current released quickly with the discharge time constant of 4 s. At this moment, the
temperature was 17.11 K at the outlet region of the PF1 lower magnet and the voltage was 982 mV. For 13 seconds, the quench
developed and the temperature was increased up to 21.95 K. In this paper, the thermo-hydraulic behavior of helium was
analyzed and was simulated using the GANDALF code during the PF1 lower magnet quench.

P3-D113

Flux creep analysis of superconducting Ca10(Pt4-dAs8)(Fe2-xPtxAs2)5 single crystal

AHMAD Dawood, MIN Byeong Hun1, LEE S2, KIM Y.C2, KWON
Yong Seung
Department of Emerging Materials Science, Daegu Gyeongbuk Institute
of Science and Technology (DGIST)711-873 Daegu. 1Center for X-ray
Optics, Lawrence Berkeley National Laboratory (LBNL), Berkeley
California 94720, USA. 2Department of Physics, Pusan National
University, 609-735 Busan.
We present the time- and field-dependent magnetic properties of
superconducting Ca10(Pt4As8)(Fe2-xPtxAs2)5 (x = 0.01) single crystal in
the various temperature and field range. The Ca10(Pt4As8)(Fe2-xPtxAs2)5
single crystals with Tc of 32 K were grown by Bridgman method. Results
show that the sample exhibits a well formed secondary peak in the
intermediate temperature region which is shifted to low fields with
increasing temperature. The vortex phase diagram shows that the
irreversibility field Hirr, the field corresponded to the secondary peak Hsp
and the onset field of secondary peak Hmin follow a universal scaling law

H(T) = H(0)´(1-T/Tc)n. Moreover, the time dependence of magnetization
exhibits thermally activated flux motion and the flux creep rate S
increases with the temperature. The relation between the activation
energy U and magnetization M analyzed by Maley’s method supports the applicability of the collective pinning theory by
following a power-law behavior in the intermediate temperature region.
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P3-D114
MgO (100)

Growth and superconducting properties of BaIrO3 added Bi2Sr2CaCu2O8+δ thin films on

SONG Jong Hyun, DE VERO Jeffrey, HWANG in woong, SANTIAGO Alvin Karl1, CHANG Jungwon2, KIM Jinhee2,
SARMAGO Roland3
Department of Physics, Chungnam National University. 1National Insitute of Physics, University of the Philippines. 2Korea
Research Institute of Standards and Science. 3National Institute of Physics, University of the Philippines.
Highly crystalline and superconducting BaIrO3 (Ba-113) nanoparticle added Bi2Sr2CaCu2O8+δ (Bi-2212) thin films were
successfully grown on MgO (100) using pulsed laser deposition with ex-situ post heat treatment. Nanosized Ba-113
nanoparticles were deposited on top of MgO (100) substrate followed by Bi-2212 layers to investigate its effects on the physical
and superconducting properties of Bi-2212. To control density of Ba-113 on the Bi-2212 matrix, the number of pulses was
changed from 100 to 450. The composite films were partial melted in ambient air at 890ºC for 15 minutes and immediately
quenched to room temperature. To relieve stress due to high temperature partial melting, the films were annealed at 850°C for 5
hours. X-ray diffraction analysis shows highly epitaxial c-axis orientation for both pure and Ba-113 added Bi-2212 thin films.
However, the addition of Ba-113 on Bi-2212 films results in the slow decrease in the superconducting transition temperature Tczero and expansion of the lattice volume. At 450 pulses of Ba-113, the Tc-zero decreases to 67 K compared to the pure Bi-2212
thin film having Tc-zero = 80 K. Our results indicate that the addition of Ba-113 even at small density strongly influences the
physical properties and superconducting properties of Bi-2212 thin films.

P3-D115

Effects of Tb doping on the structure and magnetic ordering in RuSr2(Eu1.2Ce0.8)Cu2O10-

z

H.K. Lee, Y.I. Kim1
Kangwon National University. 1Korea Research Institute of Standards and Science.
The effects of Tb doping on the structure and magnetic properties of RuSr2(Eu1.2-xTbxCe0.8)Cu2O10-δ and RuSr2(Eu1.2Ce0.8yTbx)Cu2O10-δ

compounds were investigated by using X-ray powder diffraction and magnetization measurements. The
magnetization measurements revealed that the Tb doping on the Eu site of the pristine RuSr2(Eu1.2Ce0.8)Cu2O10-δ sample results
in an increase in the weak-ferromagnetic component in field-cooled magnetization as well as an increase in the magnetic
ordering temperature. On the other hand, Tb doping on the Ce site of the pristine sample yielded to a reduction of the weakferromagnetic components with nearly no change in the magnetic ordering temperature. The result of Rietveld refinements of
the X-ray diffraction data are discussed in conjunction with the magnetic properties.
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P3-D116

Superconducting Properties of MgB2 Samples Synthesized by Different Size of Mg and B
Precursor Powders

SINHA B. B.,
,
.
Great deal of work has been carried out to improve superconducting properties of MgB2. If not all, most of them focus towards
enhancement of critical current density by the way of introducing various dopants in the form of elemental substitution,
magnetic nanoparticles, carbon compounds etc. Instead it has been recently argued that the improvement in the critical current
density (Jc) is more influenced by the decrease in voids and increase in the grain to grain coupling. In light of this, the present
study is dedicated towards the variation in superconducting properties of MgB2 depending upon the combination of Mg and B
powders, each of two different particle size. The particle size of Mg powders used as a starting material are ̴100 um and <20 um
while the same for boron powders are < 5um and <100 nm. Different combinations of powders were hand milled and the pellets
were annealed at 800°C for 1 Hr in high purity Ar gas. The morphology observed at the cross section for each sample showed a
significant dependence of size and shape of voids on the particle size of the precursor powders, which was significantly higher
for sample with large difference in the size of Mg and B particles. Interestingly large variation in the overall critical current
density values from 3.0X104 A/cm2 to 1.0X105 A/cm2 was witnessed while the superconducting transition temperature for all
the samples remained more or less same.

P3-D117
CHOI Woojae, MIN Byeon Hun1, SEO Yuil, KWON Yong Seung
Department of Emerging Materials Science, DGIST. 1Center for X-ray Optics, Lawrence Berkeley National Laboratory.
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Electronic structure of Mn doped LiFeAs
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There is an issue whether the dopant, transition metal(Co, Mn, Ni) really give electron and hole to the system in a Fe based
superconductor. Many study has been performed but there is no certain explanation and previous works were focused only on
122 system. In this study, I performed ARPES experiment on 111 system ,LiMnxFe1-xAs, x=10% , to find the Mn doping effect
and difference with 122 system. Our data show that outer dxy hole band does not change. Fermi surface shape and size is same
with parent LiFeAs. But the second and first inner hole band is different with parent compound. this result is different with Ba
(MnxFe1-x)2As2 that there are no remarkable band structure change. And our data, orbital dependent change, is not explained by
simple rigid band theory as 122 system so hole is not induced to 111 system. This orbital dependent band structure change may
relate to LiFeAs superconductivity. Further work is required to reveal the relation beween orbital dependent electronic structure
change and superconductivity

P3-D119

Effect of negative pressure on superconductivity of Rb0.8Fe2-ySe2-xTex single crystals

GU Dachun, SUN Liling, ZHAO Zhongxian
Institute of Physics, Chinese Academy of Science.

Previous studies on alkaline intercalated iron selenide superconductors have shown that the positive pressure always
suppresses superconductivity [1-4]. Here we present the effect of negative pressure, introduced by substituting isovalent Te with
larger ionic radii for Se, on superconductivity of Rb Fe
Se
Te single crystals with the aim of pushing the
0.8 2−y 2−x x
superconducting transition temperature to higher temperature. We found that the lattice of the Te-doped sample expands with
increasing Te concentration, but both the superconducting transition temperature and the Neel temperature are intriguingly
suppressed when the negative pressure is applied. As the Te concentration x in Rb Fe
Se
Te approaches 0.4, the
0.8 2−y 2−x x
superconductivity is completely suppressed, and the sample behaves like a semiconductor. Our observation suggests that either
the positive pressure or negative pressure can suppress superconductivity monotonically, indicating that the pressure-free
sample possesses an optimal superconductivity.
References: [1] L. L. Sun et al. Nature 483, 67 (2012). [2] J. Guo et al. Phys. Rev. Lett. 108, 197001 (2012). [3] H. Lei et al.
Phys. Rev. Lett. 107, 137002 (2011). [4] J. J. Ying et al. New J. Phys. 13, 033008 (2011).
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Study on the effects of the electron-beam irradiation on the superconductor grain boundary

LEE Sung Hoon, KIM Hye-Won1, KIM Byungnam1, LEE Byung Cheol1, LEE Soon-Gul
Korea University Sejong Campus, Department of Applied Physics. 1KAERI, Radiation Integrated System Research Division.
We have studied effects of the high-energy electron-beam irradiation on the superconducting transition properties of an YBCO
bicrystal junction, an FIB-patterned YBCO nanobridge, an MgB2 intergrain nanobridge, and a BaKFeAs multigrain
microbridge. We used one sample for each junction type and repeated the irradiation-and-measurement process at 6
accumulated-dose steps 0, 3x1014, 1015, 3x1015, 1016, 1017 e/cm2. The beam energy was 1 MeV and the samples were watercooled at ambient pressure in air. We measured the resistive transition temperature, the normal-state resistance, and the critical
current. In the measurement of critical currents, while the YBCO bicrystal junction and the MgB2 intergrain nanobridge had a
maximum at 3x1015 e/cm2, the BaKFeAs multigrain sample and the YBCO nanobridge showed a flat dependence and a
monotonic decrease, respectively. At 1017 e/cm2, superconductivity vanished for all of the samples except the BaKFeAs which
maintained a substantial fraction of the critical current. For all the samples, the normal state resistance increased monotonically
with increasing dose and no significant change of Tc was observed. [†This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea government (MEST) (NRF-2012M2B2A4029304)].
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P3-D122*

Superconducting fluctuation effect of Ca8Na2(Pt3As8)(Fe2-xPtxAs2)5 (x=0.03) single
crystal from reversible-magnetization measurements

CHO Hyunyong, MIN Byeong Hun1, KO Minjee, KWON Yong Seung
Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science and Technology(DGIST), Daegu 711-873,
Republic of Korea. 1DGIST-LBNL Joint Research Center, Daegu Gyeongbuk Institute of Science and Technology, Daegu 711873, Republic of Korea.
We report on the temperature dependent magnetization(M-T) obtained as a function of temperature in Ca8Na2(Pt3As8)(Fe2xPtxAs2)5 single crystal with superconducting critical temperature Tc=32.5K. The M-T curves have been measured in magnetic
field regions from 0.001 to 7 T. A well-defined rounding effect in the reversible region is observed below Tc. In particular, the
reversible regions are extended to approximately 10 K below Tc. These results were found for the first time in any iron-based
superconductor. Moreover, we investigate the superconducting parameters by using Hao-Clem model in order to calculate the
value of GL parameter(κ) and the hermodynamic critical field (Hc), which are estimated to be 90 and 1400 Oe, respectively.
The high field curves of our single crystal obey a well known scaling law known for the critical fluctuation analysis.

P3-D123*

Optical properties of LiFeAs and aFe0.97Co0.03As single crystals

KO Minjee, MIN Byeonhun1, SHIN Soyeon, KWON Yongseung
Department of Emerging Materials Science, DGIST. 1Center for X-ray Optics, Lawrence Berkeley National Laboratory.
We measured the reflectivity spectra of the LiFeAs (Tc = 17.6 K) and NaFe0.97Co0.03As (Tc = 9.3 K) in the temperature range

from 4 to 300 K. In the LiFeAs, the clear opening of the optical absorption gap was observed below 25 cm-1 in the
superconducting (SC) state (T
Tc), which indicate an isotropic full gap formation. Also, in normal state (T
Tc), the optical
conductivity spectra display a typical metallic behavior with Drude type spectra at low frequencies, but we found that the
introduction of the two Drude components best fits the data, indicating the multiband nature of this superconductor. A
theoretical analysis of the low temperature data (T = 4 K
Tc) also suggests that two SC gaps best fit the data and their values
were estimated as △1 = 1.59 meV and △2 = 3.15 meV, respectively.In the case of NaFe0.97Co0.03As, the clear opening of the
Tc). Particularly, the spin-densityoptical absorption gap was observed below 25 cm-1 in the superconducting (SC) state (T
wave (SDW) like gap formation was shown at 220 cm-1 in the all temperature range, which is different from the previous results
published.
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Transport and magnetic properties of superconducting Ca10(Pt4As8.8)(Fe2-xPtxAs2.35)5

(x=0.02) and Ca10(Pt4As8)(Fe2As2.35)5 single crystals

SEO Yuil, MIN Byeong Hun1, CHOI woojae2, KWON Yong Seung2
Department of Emerging Materials Science,DGIST. 1Center for X-ray Optics, Lawrence Berkeley National
Laboratory. 2Department of Emerging Materials Science, DGIST.
We investigate the transport and magnetic properties of superconducting Ca10(Pt4As8.8)(Fe2-xPtxAs2.35)5(x=0.02) (“10-4-8”) and
Ca10(Pt4As8)(Fe2As2.35)5 (“Pt undoped 10-4-8”) single crystals. The 10-4-8 and undoped 10-4-8 single crystals were grown by
closed-Bridgman method. The crystal structures were characterized by X-ray diffraction. The rietveld refinement of both
samples shows that both compounds are crystallized in the tetragonal type structure. We also measured electrical resistivity and
temperature dependent magnetization of these samples. The superconducting transition temperature Tc of 10-4-8 is 35.6K and
34.8K for Pt undoped 10-4-8 sample. We conclude that the difference in the physical properties between two compounds
depends on the concentration of Pt doping in the FeAs layer. These results are not reported previously, so we report the results
in our investigation.

P3-D125*

Critical Current Density of Ca10(Pt3As8)((Fe1-x-yPtxAuy)2As2)5 and Ca8Na2(Pt3As3)

(Fe10As10) Single Crystals
SHIN soyeon, MIN ByeongHun1, CHO Hyunyong, KWON yongseung
Daegu Gyeongbuk Institute of Science and Technology(DGIST), Dept. Emerging Materials Science. 1Daegu Gyeongbuk
Institute of Science and Technology, DGIST-LBNL Joint Research Center.
We measured the magnetization of the superconducting single crystals Ca10(Pt3As8)((Fe1-x-yPtxAuy)2As2)5 (10-3-8PtAu) and
Ca8Na2(Pt3As3)(Fe10As10) (Na10-3-8) using the magnetic property measurement system (SQUID VSM) up to 7 T. The field
dependent measurements of magnetization (M-H curve) were performed from 1.8 to 32 K. The critical current density ( Jc ) was
obtained by using the Bean model as as Jc = 20ΔM/[a(1-a/3b)] , where ΔM is the difference between the upper and lower
branches in M-H loops, a and b are the sample dimensions of the sample (a < b) in centimeter. The results show that the Jc in
Na10-3-8 is 2.13×105 A/ and for 10-3-8PtAu is 1.08×105 A/ , respectively. Consequently, the critical current density of hole
doped sample (Na10-3-8) is higher than the electron doped sample (10-3-8PtAu). In addition, the fish-tail effect was shown for
H || c-axis in Na10-3-8. We interpret our results on the basis of doping effect in 10-3-8 PtAu and Na10-3-8 single crystals.
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P3-D126*

Synthesis and Characterization of Amorphous Transition Metal-silicide Thin Films made by
Co-sputtering Deposition

CHOI Jiman, HA Dong-Gwang, KIM Seon Hoo, PARK Jung Hwan, IM Hyunsik1, KIM Hyungsang1, SONG Woon, CHONG
Yonuk
Korea Research Institute of Standards and Science. 1Dongguk University.
We report synthesis and characterization of amorphous metal- silicide thin films by dc magnetron co-sputtering method.
Amorphous metal-silicide thin films have been used as normal-metal barriers in non-hysteretic Josephson junctions and also as
superconducting materials in low temperature photon detectors. Among various metal silicides, we have studied the titanium
silicide(TixSi1-x) and the niobium silicide(NbxSi1-x) that have shown excellent uniformity and controllability in their properties.
The resistivity and the superconducting transition temperature are controlled easily and reproducibly by changing the ratio of
metal to silicon. We fabricated thin films on oxidized silicon substrates by co-sputtering technique, where we deposit metal(Ti
or Nb) and silicon(Si) simultaneously from two separate targets. The composition is controlled by changing the ratio of the
deposition rates of each material. In order to study the electrical characteristics of the films, we measured the temperaturedependent electrical resistance from room temperature down to the liquid helium temperature, as a function of the composition.
We also measured the change in the superconducting transition temperature in dependence of the composition. We will report
the detailed properties in wide range of composition, and will discuss possible applications of these materials in
superconducting quantum devices.

P4-D127

Coexistence of a localized singlet and a long range ordered state in the frustrated spin
tetrahedral compound Cu4Te5O12Cl4
CHOI K.-Y., LEE W.J., LEE S.-H., TOL J. van1, LEMMENS P.2, BERGER H.3
Chung-Ang Univ., Dept. of Physics. 1NHMFL, FSU. 2TU Braunschweig, IPKM. 3EPFL, Lausanne.
We present high-field magnetization, electron spin resonance (ESR), and Raman scattering measurements of the frustrated,
coupled spin tetrahedral system Cu4Te5O12Cl4 with a magnetic transition at TN = 13.6 K. The high-field magnetization curve at
T=1.5 K exhibits a spin-flop transition at HSF=16 T as a sharp jump. In addition, observed are small magnetization steps at
H=16.5, 24.8, 33.8, 42.3, and 49.7 T in the field range up to 55 T, which are almost equally spaced. Magnetic Raman scattering
spectra show simultaneous excitations of local and collective modes. The ESR linewidth shows a critical line broadening upon
approaching TN and an antiferromagnetic resonance below TN. All these results indicate that the studied system is characterized
by both localized singlet dynamics pertaining to a spin tetrahedron and collective phenomena related to three-dimensional
couplings of a tetrahedral unit.
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Exchange interaction effect on the optical d-d excitations in antiferromagnetic Sr3Ir2O7

PARK H. J., SOHN C. H., JEONG D. W., QI T. F.1, CAO G.1, KIM K. W.2, MOON S. J.3, CHO Deok-Yong, NOH T. W.
Center for Correlated Electron Systems, Institute for Basic Science (IBS), Seoul 151-747, Korea, Department of Physics and
Astronomy, Seoul National University, Seoul 151-747, Korea. 1Department of Physics and Astronomy University of Kentucky
Lexington, KY 40506-0055 USA. 2Department of Physics, Chungbuk National University, Cheongju 361-763,
Korea. 3Department of Physics, Hanyang University, Seoul 133-791, Korea.
•We examined the temperature (T) evolution of the optical conductivity spectra of Sr3Ir2O7 crystal. •We found that overall
features of the optical d-d excitation (ħω ~ 0.3 eV) between two Jeff = 1/2 states, evolve drastically only below the
antiferromagnetic (AFM) ordering temperature (TN ~260 K). •This strongly suggests that the T evolution originates from an
exchange coupling between the local Ir Jeff pseudospins. The peak shift by ~+0.1 eV at low T ~10 K, reflects a larger energy
cost of the charge excitation for breaking up the AFM exchange coupling. •The bandgap is estimated to be at most 20 meV even
at T = 10 K, much smaller than the energy scale of the exchange interactions of the local Jeff. This signifies the exchange
interaction is irrelevant to the metal insulator transition in Sr3Ir2O7.• The T evolution of O K-edge x-ray absorption spectra and
optical phonon spectra are also analyzed in terms of thermal disorders, reflecting additional but minor thermal effects on the
electronic structure of Sr3Ir2O7.

P4-D129
Garnet

Temperature dependence of Spin structure and Magnetostriction in Dysprosium Iron

SONG Kimyung, HUR Namjung, LEE Seongsu1
inha univ.. 1KAERI.
We investigated the relationship between the magnetic and magnetostrictive properties of Dysprosium iron garnet (DyIG).
Extraordinary magnetostriction effect was observed in DyIG. The distinct effects of magnetism on the lattice are also
demonstrated by peculiar magnetodielectric effects.In this study, we also analyzed the neutron diffraction data of DyIG in
various temperatures by the Fullprof program to investigate the effect of the non-collinear spin structure on the crystal structure
of DyIG. We discussed the relationship among the magnetic, dielectric and magnetostrictive properties of DyIG by analyzing
the crystallographic and the spin structure.
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Thermal quenching effects on the piezoelectric and ferroelectric properties in 0.67Bi1.05FeOceramics
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The effects of heat-treatment process were investigated in 0.67Bi1.05FeO3-0.33BaTiO3 lead-free
piezoelectric ceramics. The structure, ferroelectric, and piezoelectric properties of ceramics made by
thermal quenching process were investigated and compared to those of furnace cooled ceramics. The
lattice constants (a) and lattice distortions (rhombohedral 90o-D increased as increasing quenching
temperature. Ferroelectric and piezoelectric properties were improved with increasing quenching
temperature or shorter cooling duration. Small-field and large-field piezoelectric constant d33 and d33*
were 146 pC/N and 265 pm/V in ceramics quenched at the highest 980 oC.

P4-D131

Investigation of optical property in Cu ion doped SrZrO3 nanocrystals

LEE Dong-Jae, CHO MinHyun, LEE Yunsang
Soongsil University.
Transition metal ions are one of the most interesting impurities for electronic materials. The doping of transition metal ions,
such as Mn, Cu, and Co, opens up possibility of forming new class of material, and new properties of the material are expected.
In addition, the transition metal doped nanoparticles may show novel optical properties due to the quantum effect, distinguished
from those of the bulk phase. Motivated by this, we investigated the optical properties of the Cu-ion doped SrZrO3 (SrZrO3:Cu)
nanocrystals (NCs) synthesized by the combustion method. As-grown samples were post-annealed at different temperatures, and
their photoluminescence spectra were measured. We found that the doping of Cu ions leads to broad emission band at 600 nm
and 800 nm for SrZrO3:Cu NCs with excitation of the 325 nm He-Cd Laser, while the latter emission is not identified in the
bulk phase. The emission near 800 nm develops gradually with increasing annealing temperature. The absorption spectra of the
SrZrO3:Cu NCs showed that the mid-gap state is formed at lower energies in the NC phase than in the bulk phase. We discuss
our findings in terms of the interface and size effects.
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P4-D132

Development of CT-QMC impurity solver for Dynamical Mean Field Theory

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.
Dynamical mean field theory maps an interacting lattice problem to an interacting impurity problem in non-interacting bath.
Continuous time Quantum Monte Carlo (CT-QMC) method is numerically exact way to get a solution for such an impurity
problem. We developed hybridization-expansion CT-QMC (CT-HYB) impurity solver and tested its validity by studying
infinite neighbor Bethe lattice which has semicircular density of states and only local Hubbard interaction. 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-C3-008).

P4-D133

Effects of Sc-substituion on Magnetic Order in LuFe2O4

JEONG Jinwon, NOH Han-Jin, KIM Sung Back1, KIM Jae-Young2
Department of physics, Chonnam Nat'l University. 1ACE Center, Konyang University. 2Pohang Accelarator Laboratory,
POSTECH.
We have studied the correlation between the structural distortion and the magnetic ordering in single crystalline (Lu,Sc)Fe2O4
(Sc=0.0, 0.05, 0.1, 0.3) by using x-ray diffraction (XRD), magnetization measurements, and x-ray magnetic circular dichroism
(XMCD) spectroscopy. The Rietveld analysis of the XRD patterns revealed that substitution of Sc ions for Lu ions induces
elongation of the unit cell with the decrease of the unit cell volume, but the magnetization and XMCD measurements show that
the magnetic properties hardly depend on the Sc concentration. This indicates that the magnetic ordering pattern is quite stable
against compression along the in-plane direction.
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P4-D134*

in Nb-doped TiO2 thin films

JEONG Yoon-Hee, KIM Sang-Woo
Department of Physics, POSTECH.

P4-D135*

Effects of Bi nonstoichiometry on the ferroelectric and piezoelectric properties of
0.67BiFeO3–0.33BaTiO3 ceramics
PARK J.S, LEE M.H, KIM D.J, KIM W.-J1, KIM S.W1, DO D2, SONG T.K
School of Materials Science and Eng., Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 1Department of Physics,
Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 2Department of Advanced Mat. Eng., Keimyung Univ., Daegu 704-701,
Korea.
The ceramics with the compositions of 0.67Bi1-xFeO3-0.33BaTiO3 (BFO-BTOx; x=0.95, 1.00, 1.05, and 1.1) were synthesized
by the solid state reaction method. The effect of Bi nonstoichiometry on BFO-BTO ceramics were investigated of Bi deficiency
and excess. The excess Bi ions found to be effective in improving the piezoelectric properties of BFO–BTO ceramics. The
ferroelectric, microstructure, leakage current, and piezoelectric properties of BFO-BTO ceramics were investigated. The BFOBTO 1.05 exhibited good ferroelectric, and piezoelectric properties with a remnant polarization 2Pr of 37.8 mC/cm2and
coercive field 2Ec of 61 kV/cm and piezoelectric coeﬃcient (d33 = 146 pm/v).
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P4-D136*

Annealing effects on the superconducting properties of Ba(Fe1-xCox)2As2

SHIN Dongwon, SEO Soonbeom, CHOI Ki-young1, KIM Kee-hoon1, PARK Tuson
Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea. 1Department of Physics and Astronomy, Seoul
National University, Seoul 151-747, Korea.
Fe-based superconductors have attracted great interest due to high superconducting transition temperature Tc, which can be
induced either by applied pressure or by electron/hole doping. Recently it has been shown that thermal annealing could
considerably improve superconducting physical properties, including Tc. The microscopic annealing effects in the Fe-based
pnictides, however, are less well understood at this moment. In this presentation, we present electrical resistivity measurements
under pressure for the underdoped and optimally doped Ba(Fe1-xCox)2As2. Details of the temperature-pressure phase diagram
and evolution of non-Fermi liquids behavior in the normal state will be comparatively discussed between the unannealed and
annealed Ba(Fe1-xCox)2As2 compounds.

P4-D137*
thin film

Effect on the quenching in physical properties of polycrystalline Bi1.05(Fe0.95Mn0.05)O3

KIM SANGWOOK, KIM WON-JEONG, LEE MYANGHWAN1, KIM DAJENOG1, PARK JINSU1, KIM MYONG-HO1,
SONG TAE KWON1, DO DALHYUN2
Department of Physics, Changwon National University. 1School of Nano & Advenced Material Engneering, Changwon
National University. 2Department of Advanced Materials Engineering, Keimyung University.
It has been known that BiFeO3 (BFO) showed room temperature multiferroic properties, a Curie temperature (TC = 1103K)
and a Néel temperature (TN = 643K). BFO could be applied in microelectromechanical systems since BFO has ferroelectric and
piezoelectric properties. In this study, Mn modified BFO thin films has been deposited using pulsed laser deposition. In order to
studied effect of the heat treatment, Mn modified BFO thin films was deposited on Pt(111)/TiO2/SiO2/Si(100) substrates.
Structures and electrical properties of thin films were investigated by an X-ray diffractometer and an electrical system,
respectively. It has been found that the ferroelectric property was improved with different heat treatment temperature. More
detailed properties of the thin films including leakage current densities and coercive electric field will be discussed in the
presentation.
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P4-D138*

Revisiting the Origin of Metallicity in Strained LaTiO3

SINN Soobin, YOO Hyang Keun, KIM Yong Su, CHANG Young Jun1, KIM Hyeong-Do, NOH Tae Won
Center For Correlated Electron Systems, Institute For Basic Science (IBS), Seoul 151-747, Korea. 1Department of Physics,
University of Seoul, Seoul 130-743, Korea.

P4-D139*

Polaronic behaviors in Sr2IrO4 observed by optical spectroscopy

SOHN Chang Hee, QI Tong-Fei1, NOH Kyung Joo, PARK Hyun-Ju, JEONG Da Woon, YOO HyangKeun, CAO Gang1, KIM
Kyung Wan2, MOON Soon Jae3, NOH Tae Won
1Center for Correlated Electron Systems, Institute for Basic Science, Seoul National University, Seoul 151-747, Korea
2Department 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, USA. 2Department of Physics,
Chungbuk National University, Cheongju 361-763, Korea. 3Department of Physics, Hanyang University, Seoul 133-791,
Korea.
Recently, Sr2IrO4 has received much attention as a novel Jeff = 1/2 Mott insulator. In this material, it is well known that strong
spin-orbit coupling transform t2g orbitals into effective total angular momentum, Jeff = 1/2 and 3/2 states. Many theorists have
supposed that these Jeff quantum states can produce exotic ground states such as topological insulator and quantum spin liquid.
However, despite of great interests on Sr2IrO4, there are only a few studies about temperature evolution of its ground state. In
this work, we investigate the temperature dependence of electronic structure of Sr2IrO4 by means of infrared spectroscopy. We
observed strong red shift of optical peaks when we increase the temperature. This observation can be understood in terms of
polaronic behavior. We note that temperatural evolution of optical spectrum of Sr2IrO4 is quite similar to that of La2CuO4,
mother compound of high Tc cuprate.
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P4-D140*

Electronic conduction in Ca-doped BiFeO3-δ

YANG Chan-Ho, LIM, Ji Soo1, A. IKEDA-OHNO2, T. Ohkochi3, M. Kotsugi4, T. Nakamura3, J. Seidel5
Department of Physics, KAIST; Institute for the NanoCentury, KAIST. 1Department of Physics, KAIST. 2School of Civil and
Environmental Engineering, The University of New South Wales. 3Japan Synchrotron Radiation Research Institute, SPring8. 4Japan Synchrotron Radiation Research Institute, SPring-8 ; CREST-JST. 5School of Materials Science and Engineering,
The University of New South Wales.
Many strongly correlated oxides by doping electronic carriers exhibit interesting phenomena such as high-Tc superconductivity
and magnetoresistance. Similarly calcium-doped bismuth ferrites are expected to show interesting physical properties. However,
due to a strong charge compensation by oxygen vacancies, it has been found that hole carriers creation is prohibited. Oxygen
vacancies are formed in the calcium-doped bismuth ferrite but they can be controlled by electric field. In this way, we prepared
p-type doped region by driving oxygen vacancies out to the other side by applying external electric field. Electrical
measurements for samples with various calcium doping ratios show that conductivity is enhanced with an increase in the doping
ratio up to 40%. This tendency is also supported by oxygen K-edge spectroscopy (XAS) and photoelectron emission microscopy
measurement (PEEM).

P4-D141*

Anisotropic Electrical Resistivity of the Hg and Sn doped Heavy-fermion Compound

CeRhIn5
PARK Tuson, THOMPSON J.D1, BAUER E.D.1, SEO Soonbeom
Department of Physics, Sungkyunkwan University. 1Los Alamos National Laboratory.
The heavy-fermion superconductors CeTIn5 (T=Co, Rh, or Ir) have attracted great interest due to a quantum critical point and
coexistence of superconductivity and magnetism. Especially, CeRhIn5 which is a prototypical antiferromagnet with TN=3.8 K
becomes superconducting with increasing external pressure and a hidden magnetic quantum critical point was revealed at the
optimal pressure (~2.3 GPa). When doped with Sn, an electron doping, the TN of CeRhIn5 decreases gradually to zero with
increasing Sn concentration. In contrast, TN of Hg doped-CeRhIn5, a hole doping, is initially suppressed, becomes flat, and
increases with Hg concentration. In this presentation, we discuss the pressure effects of the Hg-doped CeRh(In1-xHgx)5, where
TN is 3.4 K at x=0.0045 and ambient pressure. Anisotropic electrical resistivity measurements were performed under hydrostatic
pressures for the current applied within and perpendicular to the Ce-In plane. Pressure effects of the Sn-doped CeRh
(In0.956Sn0.044)5 will be also discussed in comparison with the hole doped compound.
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P4-D142*

Spin dynamics of the A-site ordered breathing pyrochlore compounds LiGaCr4O8 and

LiInCr4O8

CHOI K.-Y., DO S.-H., LEE W. J., KUHNS P. L.1, REYES A. P.1, TOL J van1, TOL J van1
Chung-Ang Univ, Dept. of Physics. 1NHMFL, FSU.
We present synthesis, high-field magnetization, high-frequency ESR, and 7Li NMR measurements of S=3/2 LiGaCr4O8 and
LiInCr4O8. These compounds realize a breathing pyrochlore lattice in A-site ordered spinel oxides AB2O4 due to the large size
mismatch between Li+ and Ga3+/In3+ ions at the A site. LiGaCr4O8 and LiInCr4O8 show a long-range magnetic ordering at
TN~13.8 K and 15.9 K, respectively, accompanying a structural phase transition. For both LiGaCr4O8 and LiInCr4O8
compounds, the ESR linewidth exhibits a critical-like line broadening for temperatures below 100 K. Also observed are an
anomalous broadening of the linewidth upon cooling below TN and a signal wipe-out effect at a few degrees below TN. This is
ascribed to spin-lattice couplings. High-field magnetization and NMR measurements unveil that LiGaCr4O8, with a small
degree of breathing, shows similar magnetic properties to the conventional Cr spinel while LiInCr4O8, with a large degree of
breathing, exhibits a spin gap behavior. This suggests that the latter lies in proximity to an exotic singlet state.

P4-D143*

Investigation of the ferroelectric and piezoelectric properties in pure and Mn-modified
BiFeO3-BaTiO3 based system.
KIM D. J., LEE M. H., PARK J. S., KIM M. H., SONG T. K., KIM S. W.1, KIM S. S.1, KIM W.-J.1, DO D.2
School of Nano & Advanced Mat. Eng., Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 1Department of Physics,
Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 2Department of Advanced Mat. Eng., Keimyung Univ., Daegu 704-701,
Korea.
Bi-based pervoskite material with higher Tc became highly attractive, such as BiFeO3 (BFO, Tc ~ 830 oC), however BFO have
lower ferroelectric property due to high leakage current. The one of the Ti oxide pervoskite is barium titanate (BaTiO3, BT)
ceramics have a typical lead-free ferroelectric material, but its Tc is only 120 °C. Recently, a 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 pure and binary BF-BT solid solution system.Pure and Mn-modified
0.67BiFeO3-0.33BaTiO3 (0.67BF-0.33BT) bulk ceramics were prepared via a typical solid-state reaction process using heattreatment process, such as quenching method. However the pure BF-BT system has high conductivity behavior at high
temperature, it still remain solve the problem. The Mn modification of a small amount is effective to improve electrical
properties and sintering behavior. The crystalline structure, ferroelectric and piezoelectric properties of the ceramics were
investigated.
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P4-D144*

Implementation of Dynamical Mean-Field Theory in First-principles LCAO Calculations

OH Hyungju, 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..
Density functional theory (DFT) has been remarkably successful at describing ground-state properties of many solids from first
principles. This is also the state of the art method for band structure calculations, with the additional assumption that KohnSham eigenvalues can be interpreted as single-particle excitations. However, DFT has severe limitations for strongly correlated
materials. Dynamical mean-field theory (DMFT) is one of various approaches that have been developed for overcoming the
shortcomings of DFT. DMFT goes beyond DFT by allowing the interaction potential of the correlated orbitals to be energy
(frequency) dependent. This frequency dependent potential, or self-energy, is computed for the correlated orbitals using manybody techniques within an accurate impurity solver. We have implemented DMFT to the SIESTA code based on a linear
combination of atomic orbitals (LCAO) basis set. For an impurity solver, we use exact diagonalization. Since LCAO is a
localized basis set, the correlated orbitals emphasized in DMFT are naturally described in our implementation. We calculate
electronic states of LaFeAsO using our DFT+DMFT code and confirm the band-narrowing, corresponding to an enhancement
of the effective masses of quasiparticles. This work was supported by the NRF of Korea (Grant No. 2011-0018306).
Computational resources have been provided by KISTI Supercomputing Center (Project No. KSC-2013-C3-008).

P4-D145*

Photoemission study on non-magnetic semiconductor using circularly polarized light

KIM changyoung, CHO Soohyun, JUNG Wonsig, KIM Bomyoung, HAN Garam
,
.
We have previously measured circular dichroism angle-resolved photoemission spectroscopy (CDARPES) experiments
on topological insulator BiTe and BiSe. Our results show very strong circular dichroism (CD) signal, indicating existence of
orbital angular momentum (OAM) on the surface state. In non-magnetic semiconductor 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). Nevertheless a semiconductor is not magnetically ordered, they have the spin-dependent electronic
structure because of an inversion symmetry breaking and strong spin-orbit coupling. We find that the dichroism has momentum
dependence. In our view, the CD modulations of the three bands come from spin orbit coupling (SOC) and inversion symmetry
breaking (IBS) in the bulk.
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Understanding the strong correlated system is one of the most challenging tasks in condensed matter physics. Especially, the
metal insulator transition (MIT) has been one of the major topics recent few decades. NiS2-xSex is known as one of famous
material which has MIT. The cubic pyrite NiS2 is a charge-transfer (CT) insulator as the mother compound of cuprate
superconductor. 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. MIT, induced by Se alloying, is observed at low
temperature (T) for x=0.45. Perucchi and his collaborators revealed closed relation between MIT 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. To reveal the true mechanism in the MIT in NiS2-xSex, resonant photoemission experiment is essential.
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 MIT should be different. Therefore, we performed 3p-3d resonant ARPES
for various Se dopings (x=0.43; insulator, x=0.5, 0.7, 2.0; metal) and observed a significant change between on- and offresonances near the MIT.
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Electronic transport properties of topological insulators of SbxBi2-xSe2Te (x=1.0, 1.2)
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P4-D148*

Effects of Magnetic Anisotropy in the Classical Heisenberg Antiferromagnet on a
Triangular Lattice

YUN Miso, JEON Gun Sang
Ewha Womans University.
Frustration gives rise to interesting properties of the classical Heisenberg antiferromagnet on a triangular lattice. Particularly,
in an applied magneticfield, the system exhibits rich magnetic phase diagram. At low but finite temperatures it undergoes two
distinct Berezinskii-Kosterlitz-Thouless transitions as the magnetic field is increased, and further increase of the magnetic fields
finally drives the system into a paramagnetic phase through a continuous transition. We investigate the effects of a magnetic
anisotropy term on the phase diagram. We use a classical Monte Carlo simulation to compute C3 order parameters and response
functions such as magnetic susceptibility and heat capacity. We consider both easy-axis and easy-plane anisotropies discuss the
phase transitions in both cases.

P4-D149

The effect of Fe doping in ferromagnetic perovskite oxide on its physical properties

SITI Nyayu, LEE Bo Hwa, KWON O-Ung, SHIN Ran Hee1, JO William2, JUNG Chang Uk
Hankuk University of Foreign Studies, Department of Physics. 1Hankuk University of Foreign Studies, Department of Physics,
Ewha Womans University, Department of Physics. 2Ewha Womans University, Department of Physics.
SrRuO3 (SRO) is a ferromagnetic perovskite oxide material with its remarkable physical properties, such as low resistivity and
chemical stability at room temperatures. Impurity effects on physical properties of material have been widely researched.
Doping using transition metal elements have been studied for SRO bulk but still rarely for SRO thin film. Fe doping on Ru site
of SRO (SRFO) is expected that can change physical properties of SRO thin film because spin alignment of Fe is different from
Ru.Highly epitaxial SRFO thin films on SrTiO3 (STO) (001) substrates were deposited by using pulsed laser deposition (PLD)
method. The transport and magnetic properties of SRFO/STO (001) were investigated. The temperature dependence of the
electrical resistivity showed that concentration of Fe-doped drastically changed the resistivity especially at low temperatures.
The resistivity can be controlled by external magnetic field from low resistance state (LRS) to high resistance state (HRS). We
suggest the SRFO to be “self spin valve” material.
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P4-D150

Universal Metastability of the Low-Spin in the Co2+ systems and Exclusion of Mott-Physics
in Pressure-Induced Spin-State Transition.

KIM Bongjae, KIM Kyoo, MIN B. I.
Physics, POSTECH.
We have investigated the pressure-induced spin-state transition in Co2+ systems in terms of a competition between the Hund’s
exchange energy (J) and the crystal-field splitting (∆CF ). First, we show the universal metastability of the low-spin state in

octahedrally coordinated Co2+ systems. Then we present the strategy to search for a Co2+ system, for which the mechanism of
spin-state and metal-insulator transitions is governed not by the Mott physics but by J vs. ∆CF physics. Using CoCl2 as a

prototypical Co2+ system, we have demonstrated the pressure-induced spin-state transition from high-spin to low-spin, which is
accompanied with insulator-to-metal and antiferromagnetic to half-metallic ferromagnetic transitions.
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Co/Fe Nanoparticles Produced by PLD

JANG young rae
Korea Atomic Energy Research Institute, Neutron Science Division.
Magnetic nanoparticles are being used in a wide variety of applications such as medical diagnostics and treatments, magnetic
immunoassay, waste water treatment, catalysts, biomedical imaging, information storage, and genetic engineering. Co/Fe
nanoparticles were produced by pulsed laser ablation technique in liquids. The sizes and structures of the magnetic nanoparticles
were investigated by using transmission electron microscope.
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Magnetic properties of FeCo alloy

HONG jisang, SON Jicheol, HASHMI Arqum
.

P4-D155

Electron-spin relaxations of phosphorus donors in silicon at high magnetic fields

MINCHAN Gwak, YUTAKA FuJII1, SANGGAP Lee, SEITARO Mitsudo1, MATSUBARA Akira2, TAKAO MIZUSAKI3,
CHANGSOO Kim, INSUK Yu4, SOONCHIL Lee5, SANGGAP Lee
Korea Basic Science Institute, Daejeon 305-333, Republic of Korea. 1Research Center for Development of Far-Infrared
Region, University of Fukui, Fukui 910-8507, Japan. 2Research Center for Low Temperature and Material Sciences, Kyoto
University, Kyoto 606-8501, Japan. 31Research Center for Development of Far-Infrared Region, University of Fukui, Fukui
910-8507, Japan. 4Department of Physics and Astronomy, Seoul National University, Seoul 151-742, Republic of
Korea. 5Department of Physics, KAIST, Daejeon 305-701, Republic of Korea.
We studied electron-spin relaxation of phosphorus donors in low-doped silicon at high magnetic fields around 3.4 T in the
temperature range of 4-22 K using KBSI's 94-GHz pulsed electron paramagnetic resonance system. It has been known
that mainly three mechanisms are involved in spin-lattice relaxation for comparatively low magnetic fields of about 0.3 T; 1)
Direct phonon process, 2) Raman process, 3) Orbach process. We found the Raman process is suppressed at the high magnetic
fields. We discuss a model to explain the suppression. We also found that echo decay caused by transverse relaxations indicates
existence of multiple origins regarding those relaxations and having no temperature dependence below 14 K. From these points,
we discuss transverse-relaxation mechnisms.
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First-principles study of electronic and magnetic properties of LiMnxFe(1-x)SO4F

TSEVELMAA Tumurbaatar, ODKHUU Dorj, TAIVANSAIKHAN
Purev, KWON Oryong, HONG Soon Cheol
University of Ulsan.
Li-ion materials have attracted much interest as cathodes of
rechargeable batteries. A new compound of Li-ion battery material,
fluorosulfate phase LiFeSO4F [1], is expected to be competitive with
other cathode materials. More recently, it was shown that the substitution
of Mn atoms for Fe sites in triplite LiFeSO4F increases an operating

voltage up to 3.9 V, exceeding that (3.6 V) of LiFeSO4F, and decreases a
volume change during lithiation/delithiation [2]. In this study we
investigate the effect of Mn substitution on magnetism and electronic
structure of the triplite LiMnxFe(1-x)SO4F (x=0, 0.25, 0.5, and 1), using
the generalized gradient approximation plus U (GGA+U). It was found
that an antiferromagnetic state gets more stable as concentration of Mn
increases in consistent with experiments [1,2]; the energy difference of
about 0.008 eV/f.u. for x=0 and 0.018 eV/f.u. for x=1 from a
ferromagnetic state. While the calculated magnetic moments of Fe atom
in LiFeSO4F and Mn atom in LiMnSO4F are 3.62 and 4.51 µB in GGA,
the values (3.80 µB for Fe and 4.72 µB for Mn) in GGA+U are better
consistent with the experimentally observed ones. Furthermore, the
magnetic moments of Fe and Mn in LiMnxFe(1-x)SO4F were found to be insensitive to the concentration of Mn and Fe atoms.
We will discuss in detail the structural, electronic properties and spin orientations of Fe and Mn atoms with different x, and their
changes during Li ions insertion/extraction. *Corresponding author: schong@mail.ulsan.ac.kr. [1] N.Recham et. al., Nature
Mater. 9, 68 (2010).[2] P. Barpanda et. al., Nature Mater. 10, 772 (2011)
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Magnetism of bulk and thin film MnAs and MnAs/GaAs: A first principles study

TAIVANSAIKHAN Purev, ODKHUU Dorj, KWON Oryong,
TSEVELMAA Tumurbaatar, HONG Soon Cheol
University of Ulsan.
The magnetic and electronic properties of bulk and thin film
ferromagnetic MnAs have been investigated using first-principles
calculations. The MnP-like orthorhombic and NiAs-like hexagonal phases
of MnAs were found to have similar total energies, but the zinc-blende
(ZB) structure was energetically not favorable by the energy difference of
about 450 meV. However, the ZB-type structured MnAs showed
interesting properties; (i) the larger magnetic moment of 3.61mB per
formula unit atom, compared to 1.97 mB and 2.88 mB per formula unit of
MnP-type and NiAs-type structured MnAs and (ii) half-metallic behavior,
unlike metallicity of both MnP- and NiAs-structured MnAs. For
investigation on magnetism of MnAs thin films, all the possible surface
terminations of the different crystal structures were taken into account.
The (110) thin films of the NiAs-type and ZB-type show out-of-plane
magnetism with magnetocrystalline anisotropy (MCA) energies of 0.120.39 meV for the ZB-type and 0.12-0.19 meV for the NiAs-type, whereas
all the (001) thin films show in-plane magnetism. Calculated MCA of
MnAs on GaAs(001) also will be presented and discussed.
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(2008)

P4-D159
,

2
,

,

. 1
(delafossite)

.

3/2
.

PdCrO2

1

Pd

PdCrO2

Cr3+

Cr

Pd

. Cr3+
2
.

2

37 K

,

Rietveld
.

,c

2

3
.

159

P4-D160

NMR Study Of The Spin Dimer System FeTe3O7X (X = Cl, Br)

YOON Sungwon, DO Seunghwan1, BERGER Helmuth2, KUHNS Philip L.3, REYES Arneil P.3, CHOI KwangYong1, SUH
ByoungJin
Department of Physics, The Catholic University of Korea, Bucheon-si, South Korea. 1Department of Physics, Chung-Ang
University, Seoul, South Korea. 2Institute of Condensed Matter Physics, Ecole Polytechnique Federale de Lausanne (EPFL),
CH-1015, Lausanne, Switzerland. 3National High Magnetic Field Laboratory, Tallahassee, Florida 32310, United States.
We report nuclear magnetic resonance (NMR) and relaxation measurements in FeTe3O7X (X = Cl, Br) single crystals. Both
35

Cl and 81Br NMR spectra are observed to consist of two lines, whereby the center position (νc) of two lines and the difference
(δν) between two lines are strongly dependent on the orientation of the applied magnetic field (H) with respect to the crystal
axis, reflecting the low symmetry of the monoclinic crystal structure. The temperature dependence of the center position νc(T) is
almost identical to the magnetic susceptibility χ(T) [1] in the whole temperature range investigated, exhibiting a spin gap
behavior. With decreasing temperature, the center position νc slowly increases and rapidly decreases below 20 K with a broad
maximum around 40 K. On the other hand, the difference δν is almost constant down to around 20 K and abruptly increases
with decreasing T, which is interpreted as a direct evidence on the antiferromagnetic coupled dimerization of two Fe(III) ion
spins. The temperature dependence of the spin lattice relaxation time (T1) of two samples also shows the typical behavior of a

spin gap system, whereby both 35Cl and 81Br T1 rapidly increases at low temperatures with decreasing T. From a simple model
analysis of T1(T), we could extract the spin gap Δ ~ 30 K for both samples, similar to the result obtained from magnetization
measurements [1]. [1] Dong Zhang et al., Inorg. Chem., 50, 12877 (2011)

P4-D161
,

The effect of in-plane uniaxial anisotropy on spin reorientation transition

.
Using Monte-Carlo simulation method, we studied the effect of in-plane uniaxial anisotropy on spin reorientation transition.
We found that the Bloch type domain wall can be stabilized in magnetic ultrathin film which has in-plane uniaxial
anisotropy. The competition between shape anisotropy and in-plane uniaxial anisotropy determines the domain wall structure
between Bloch type and Néel type. The condition determining the domain wall type is investigated by analytical model
calculations and compared with the Monte-Carlo simulation results.
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P4-D163
,

Exchange biase in BiFeO3/γ-Fe2O3 core/shell-like thin films
,

,
.
We have investigated the uncompensated spins in exchange-biased BiFeO3/g-Fe2O3 core/shell-like thin films. For both inplane and out-of-plane directions of the films, clear exchange bias appears and coercive field asymmetrically changes with
respect to the annealing temperature and the cycling of magnetic field. These results can be explained by the different characters
of two types of uncompensated spins. The uncompensated spins at antiferromagnetic domain-walls (rough interface) are weakly
(strongly) affected by the external magnetic field. The control of uncompensated spins at domain-walls is crucial in order to
realize exchange bias at room temperature along the out-of-plane direction of BiFeO3/g-Fe2O3 core/shell-like thin films.
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P4-D164
system

Effects of oxygen vacancy on the electrical and magnetic properties in La0.9Ba0.1MnO3 bulk

LEE Keundong, GWON Hyojin1, KANG Minkyu1, HWANG Inrok1, JIN Hyunwoo1, BAEK seunghyup1, LEE suyoun1, KIM
jinsang1, PARK baeho
Division of Quantum Phase & Devices, Dept. of Physics, Konkuk University, Seoul 143-701, South Korea. 1Electronic
Materials Research Center, Korea Institute of Science and Technology, Seoul 13-791, South Korea.
Doped manganese oxides of the chemical formula La1−xAxMnO3, where A is a divalent ion, such as Ba, Sr and Ca, have been
studied extensively due to their colossal magnetoresistance (CMR) properties. These materials have been reported under thin
film systems with purpose of not only for application but also theoretical study such as interface and strain effects. Recently
reports suggested that oxygen content in doped manganese oxide is an important key role of physical properties. Especially,
Chemical composition, oxygen content, crystal structure, and strain are important parameters to determination of Curie
temperature (Tc) in manganite materials. In our work, we focused on relation between oxygen content and Tc with bulk system
excluding other parameters. To control oxygen contents, annealing method within oxygen environment is an easy process. We
will introduce that resistivity, magnetoresistance (MR), and magnetization shows difference value depends on various oxygen
contents due to oxygen vacancy which occur interruptions of electrons hoping from Mn3+ to Mn4+ through 2p orbital of oxygen
called double exchange system.

P4-D165*

Charge ordering behavior of Nb doped SrTiO3 epitaxial film deposited by Pulsed Laser
Deposition (PLD) method

LEE Suyoun, JIN Hyunwoo, LEE Keundong, HWANG Inrok, BEAK Seung-Hyub, KIM Jinsang, PARK Baeho1, JOUNG
Jingwan
KIST. 1Konkuk University.
The magnetoresistance (MR) effect in oxide materials has been widely studied for electronics devices because of its large
resistance change by applied magnetic field. Especially, oxide thin films such as perovskite crystal structures have been reported
great MR effect. However, The MR effect of SrTiO3 with typical peroveskite structure has not been studied. In our work, we
have focused on low temperature transport of epitaxial Nb doped SrTiO3 (Nb:STO) thin film on SrTiO3 (STO) single crystal
substrate. The Nb:STO film deposited by pulsed laser deposition (PLD) technique and analyzed crystal structure, low
temperature transport, magnetic property using by X-ray diffraction (XRD), low temperature measurement system (LTMS),
magnetic property measurement system (MPMS), respectively. Discriminatively, the film shows unusual MR effect depending
on measurement temperature. We want to explain relationship between unusual MR in Nb:STO film and charge ordering in
superconducting material.
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[1] S. S. P. Parkin, M. Hayashi, and L. Thomas, Science 320, 190 (2008).
[2] S. Bandiera, R. C. Sousa, B. Rodmacq, and B. Dieny, IEEE Magn. Lett. 2, 3000504 (2011).

P4-D169*
57Fe

The Effect of Electric Field on Multiferroic Ba0.5Sr1.5Zn2(Fe0.92Al0.08)12O22 Investigated by

NMR

1,
1
, CHAI Yi Sheng1,
KAIST
. 1
.
Multiferroic helimagnet Ba0.5Sr1.5Zn2(Fe0.92Al0.08)12O22 (BSZFAO) shows extremely high magnetoelectric susceptibility so
that the critical field for switching electric polarization is less than 1 mT below 90 K. Recently, a large macroscopic
magnetization was successfully induced by the electric field (+-2 muB/f.u. by +-2 MV/m) in properly annealed BSZFAO. To
reveal the microscopic origin, a study on the magnetic domain structure is needed. By measuring both the magnetic field and the
electric field dependence of 57Fe NMR intensity, we found the area of the magnetic domains actually changes in an electric
field. In addition, we suggest a possible explanation why BSZFAO shows huge electrically-induced magnetization based on the
equilibrium time measurement using pulsed electric fields.

,

,

,

164

P4-D170*

Magnetic properties of FeRh(011) thin films for magnetocaloric material

JEKAL soyoung, KWON oryong, HONG Sooncheol
Department of Physics and EHSRC, University of Ulsan.
Efforts of displacing gas refrigerator are focusing on a magnetic refrigerator as a Freon gas becomes an environmental problem
all over the world. FeRh alloy is one of the magnetic refrigerators working body material due to its magnetic property which is
indicating magnetic transition nearby room temperature of about 340 K. In previous study we report magnetic properties of
FeRh(001) thin films with different thicknesses. But FeRh(001) thin films were found to have a much high MCA energy (about
600 μeV) which is one of the attribute to expect the magnetic switching barrier. So in this study we report FeRh(110) thin films
magnetic properties through density functional theory calculation. We used Vienna Ab-initio Simulation Package code and
generalized-gradient approximation. According to our calculations, it indicates quite small MCA energy (about 40 μeV)
compare with a FeRh(001) thin film. And we also consider various spin internal angle during magnetic state is change from
anti-ferro (spin internal angle : 180o) to ferro (spin internal angle : 0o).

P4-D171*

Anisotropic texture and magnetic properties of Dy-free Nd-Fe-B based permanent magnets
with hot deformation process.
OH Suekyung, RHYEE Jong-Soo, JUNG Hyein1, YUH Junhan2
. 1
. 2POSCO.
We performed magnetic property measurement and texture analysis using scanning electron microscopy (SEM) on
Nd13Dy1.2Fe79.8B6 and Nd15Fe78.36B5.75Al0.24Ga0.1Zr0.07A0.48 (A = Zn and Bi) sintered magnets. The SEM images of
Zn- and Bi-doped magnets after hot deformation revealed anisotropic lamellar texture. Magnetic properties of Bi- and Zn-doped
samples with the stoichiometry in the above revealed that the coercive fields are not changed and increased, respectively,
comparing with the Dy-doped Nd-Fe-B sintered magnet.
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P4-D172*

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

,

1,

1,

2,

2,

2

,
. 1
,
. 2
.
Z-type heaxaferrite is iron oxides with hexagonal structure. It is reported as magnetoelectric material. We studied especially
cobalt doped z-type hexaferrite Ba0.52Sr2.48Co2Fe24O41 using soft x-ray resonant scattering(SXRS). In this material Co2 Z-type
hexaferrite (Ba,Sr)3Co2Fe24O41, spin structure phase is changed with various temperature. Between 400K and 670K it has a
collinear spin align and ferrimagnetic ordering. And below 400K it has a transverse conical spin structure. We used SXRS to
determine some spin structure properties of this material. First, we show magnetic ordering peak of Fe and Co L2 edge which is
forbidden peak derived by conical spin structure. Secondly, at same peak position, the peak reproduced by rare earth atom Ba
and Sr is disappeared. Lastly, we estimate a spin cone tilting angle to (001) plane with various temperature. In conclusion, by
showing the forbidden peak, we can say that which atoms magnetic properties and its magnetic properties would be related with
spin states. And by calculating a tilting angle of cone structure, we can know more detail shape of spin conical structure below
400K.
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EF-02
Nanostructures

Electrically Tunable Strong Coupling in Metamaterial-Semiconductor Hybrid

.
Nanophotonics has emerged as an important research field in optical science and triggered a revolution in photonics, both at
applied and fundamental levels. Here we combine two nanostructures to form new coupled optical structures that can be used
for energy-efficient optoelectronic semiconductor devices. More specifically, we report on electrically tunable strong coupling
in a hybrid structure consisting of planar metamaterials and semiconductors epsilon-near-zero (ENZ) nanolayers. ENZ materials
have recently gained significant interest owing to their highly unusual optical properties. Very recently, it was also found that
thin layers of ENZ materials support a new type of guided modes, termed ENZ modes. Strong field enhancement caused by
these ENZ modes can be useful for enhancing light-matter interactions at the nanoscale. In this work, we demonstrate optical
strong coupling between ENZ modes and metallic metamaterial resonators. Furthermore, we dynamically modulate this optical
coupling by using an interconnected metamaterial layer as a metal gate and electrically depleting the doped semiconductor ENZ
layer. Therefore, our hybrid structure naturally incorporates strong optical interactions into a highly tunable, integrated device
platform. This work can have far reaching consequences for compact optoelectronic devices.

1

EF-03

Plasmonic Optoelectronic Devices: From LEDs to Solar Cells

SUN KYUNG KIM
Applied Physics Department, Kyung Hee University.

EF-04

Physical Mechanism of Plasmonic Nanopore Formation

CHOI Seong Soo
SunMoon University, Department of Physics and Nanoscience.
The plasmonic Au nanopores on the pyramidal array as a surface
plasmon resonance spectroscopy(SERS) nanobio sensor were fabricated
and examined using various high energy electron beam techniques such
as field emission scanning electron spectroscopy (FESEM) and
transmission electron microscopy (TEM). So far, the nanopore formation
is known to be dependent upon the electron beam system. For FESEM
electron beam irradiation, the nanopore is always shrinking regardless of
the aperture diameter to the thickness of the nano-membrane. However,
for TEM electron beam irradiation, the nanopore can shrink as presented
in TEM pictures or become widened depending up the ratio of the
diameter of the aperture to the thickness of the membrane. However, the
physical theory has yet to be clearly understood . In this report, we examined carefully physical mechanism using FESEM and
TEM. Formation mechanisms were examined dependent upon the scan rate, applied voltage, and probe current for FESEM
machine. During electron beam irradiation, the temperature rise of the substance is dependent upon the probe current, probe
diameter, accelerating voltage, and thermal conductivity of the materials. “Always Shrinking Phenomenon” can be attributed to
the solid phase surface modification during FESEM electron beam irradiation. However, the liquid phase surface modification
during TEM electron beam exposure can explain dependency of the ratio of diameter to thickness of the membrane. We report
the dependency of the evaporation of the heated membrane during electron beam irradiation; The in-situ movie files will be also
presented.

2

EF-05

Tailoring optoelectronic properties in nanophotonic/plasmonic semiconductors

,
.
Nanostructured semiconductors and plasmonic materials are stimulating intense activity in the area of photonics due to their
unique ability of tailoring the optoelectronic properties. In particular, controlling the radiative properties of light emitters with
engineered materials/structures has been of great importance for understanding the underlying physics and designing new
optoelectronic devices. At first, we will discuss the non-thermalized hot luminescence in single semiconductor nanowires
coupled with plasmon nanocavities, which is absent for simple photonic semiconductor nanowires. By tuning the plasmonic
cavity size to match the cavity mode resonances, an almost complete transition from thermalized luminescence to hot
luminescence was achieved, which reflects exceptionally high radiative rate enhancement. Time-resolved measurements for the
plasmonic semiconductors showed the excited-state lifetime shortening by a factor of 1000, resulting in sub-picosecond
lifetimes. Finally, we will discuss the one-dimensional exciton polaritons with size-tunable and enhanced coupling strengths in
photonic semiconductor nanowires. By using the polaritonic characteristics, all-optical active switching was demonstrated in
individual semiconductor nanowires. This indicates that the intrinsic optoelectronic properties of semiconductors can be
engineered in a desirable way and is important for understanding and designing nanoscale materials with novel properties.

EG-01

Microwave Nanoheating for Low-temperature Processing of Carbon Nanotube Films on
Plastic Substrates
SUNSHIN Jung, JOONG TARK Han, DAEHO Kim, JONG SEOK Woo, JUNG-HYUN Kim, SU JIN Chun
Korea Electrotechnology Research Institute.
Microwave nanoheating has attracted great interest as a means to overcome the obstacle between the required high process
temperature of nanomaterial thin films and the intrinsic low glass transition temperature of common plastic substrates. A
straightforward method for enhancing the environmental stability of undoped and AuCl3-doped single-walled carbon nanotube
(SWCNT) films on plastic substrates was demonstrated using fast microwave nanoheating to produce a large temperature
difference between the films and substrates. The microwave nanoheating rapidly caused nanowelding of SWCNTs on the
substrate as well as thermal decomposition of the inorganic dopants, without deformation of the substrate. The welded substrate
surface acted as a passivation layer that protected the undoped and doped SWCNTs from water molecules and the hygroscopic
Cl atoms were partially desorbed from the SWCNTs by the rapid thermal decomposition.

3

EG-03*
,

Gate Bias Stress-Induced Electrical Instability of Multi-layer MoS2 Field Effect Transistors
,

.
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 gate bias stress effects of multi-layered
MoS2 field effect transistors (FETs) with a back-gated configuration. When a positive (negative) gate bias stress was applied to
the device, the current decreased (increased) and the threshold shifted in the positive (negative) gate bias direction. The
electrical instability of the MoS2 FETs can be significantly influenced by the electrical stress type, relative sweep rate, and
stress time in an ambient environment. These phenomena can be explained by the charge trapping due to the adsorption or
desorption of oxygen and/or water on the MoS2 surface with a positive or negative gate bias, respectively, under an ambient
environment. This study will be helpful in understanding the electrical-stress-induced instability of the MoS2-based electronic
devices and will also give insight into the design of desirable MoS2 devices for electronics applications [2].[1] B. Radisavljevic,
A. Radenovic, J. Brivio, V. Giacometti and A. Kis, Nat. Nanotechnol. 6, 147 (2011).[2] K. Cho, W. Park, J. Park, H. Jeong, J.
Jang, T.-Y. Kim, W.-K. Hong, S. Hong, and T. Lee, ACS Nano, in press (2013).

EG-04*

Tunable luminescent properties of graphene quantum dots by controlling oxygenous
functional group
JANG Min-Ho, LIU Fei1, HA Hyun Dong1, KIM Je-Hyung, LEE Eui-Sup2, KIM Yong-Hyun2, SEO Tae Seok1, CHO YongHoon
Korea Advanced Institute of Science and Technology (KAIST),Department of Physics. 1Korea Advanced Institute of Science
and Technology (KAIST), Department of Chemical and Biomolecular Engineering. 2Korea Advanced Institute of Science and
Technology (KAIST),Department of Graduate School of Nanoscience and Technology.
The pristine graphene sheet is a semi-metal with a zero-band gap, which significantly limits the application of graphene in
semiconductor. Nevertheless, in principle, it is possible to open the bandgap of graphene by controlling size and edge shape
such as graphene quantum dots (GQDs). The results of theoretical calculation suggest that blue-emission of GQDs are derived
from very small size with dimension less than 1 nm. However, the GQDs fabricated via various methods recently demonstrated
blue-color emission in spite of a larger size than 1 nm. The blue-color emission of large size GQDs were explained by the
formation of the sp2carbon nano-domain around sp3matrix. Therefore, the emission color of GQDs can be tuned easily by using
oxygenous functional groups, which control the sp2 carbon nano-domain around sp3matrix in graphene. However, the
luminescence origin of GQDs due to various oxygenous defect site is still not clear. Therefore, pristine GQDs, which do not
contain any oxygenous defect, should be prepared to clarify the luminescence properties of intrinsic states with sp2-carbon, and
should be compared to graphene oxide quantum dots (GOQDs), which have oxygenous defect groups. In this work, we
synthesized monolayer pristine GQDs and GOQDs with highly homogeneous size with less than 4 nm diameters by chemical
exfoliation of graphite nanoparticles (GNPs) with 4 nm diameters. The photoluminescence (PL) of GQDs and GOQDs were
clearly observed to have blue and green emission color, respectively. In addition, we are able to tune the emission color by
chemically reducing oxygenous functional groups from GOQDs (rGOQDs). To clarify luminescent mechanisms, we carried out
systematic study of optical properties for GQDs, rGOQDs, and GOQDs. The GQDs have strong absorption peak at ultraviolet
region, and the rGOQDs also show strong absorption peak similar to the GQDs. On the other hand, the absorption of GOQDs
show broad spectrum from visible to ultraviolet region. In addition, we observed that the PL decay dynamics of GQDs depend
on excitation wavelengths whereas that of GOQDs do not change significantly. The GQDs show faster recombination time than
GOQDs by exciting at around absorption peak of GQDs. Moreover, first-principles calculations have suggested that oxygenous
functional groups in GQDs could tune the bandgap. In conclusion, we suggest that the origin of emission of GQDs and GOQDs
are due to intrinsic states and defect states with oxygenous functional groups, respectively.[1]Reference[1] F. Liu, M. H. Jang,
H. D. Ha, J. H. Kim, Y. H. Cho, and T. S. Seo, “Facile synthetic method for pristine graphene quantum dots and graphene oxide
quantum dots: origin of blue and green luminescence”, Advanced Materials 2013, 25, 3657-3662<!--[if !supportEmptyParas]-> <!--[endif]-->
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EG-05*

Functionalization of Graphene Layers with Single-Stranded DNA

SIM Yumin, SEONG Maeng-Je
Chung-Ang University, Department of Physics.
We have synthesized functionalized graphene layers using direct dispersion of graphite flakes with single-stranded DNA in
distilled water. The synthesized graphene-DNA complexes were investigated using Raman spectroscopy, atomic force
microscope (AFM), transmission electron microscope (TEM), and time of flight secondary ion mass spectrometry (TOF-SIMS).
Raman spectra exhibited typical G-band and 2D-band signatures of graphene layer at ~1590cm-1 and ~2700cm-1, respectively.
TOF-SIMS result shows that graphene layers were successfully functionalized with single-stranded DNA. Monolayer and
multilayer graphenes were identified by measuring layer thicknesses using AFM and by analyzing electron diffraction patterns
from TEM measurements.
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EG-08

Fabrication of a microcalorimeter with enhanced sensitivity at temperatures 300-600 K

KIM Kee Hoon, LEE Woong-Jhae, KIM Hyung Joon, KIM Jae Wook1
CeNSCMR, Department of Physics and Astronomy, Seoul National University. 1Los Alamos National Laboratory, USA.
Accurate measurements of the specific heat (Cp) at high temperatures up to ~700 K have been demanded in investigating
physical properties of numerous materials. However, accurate heat capacity measurements are often complicated and limited by
the addenda heat capacity of the calorimeter. Recently, we have demonstrated the use of the Si-N membrane microcalorimeter
for measuring Cp of small single crystals [1] or nanoparticles with small addenda heat capacity. The method still had
producedrather large errors about ~25 % above room temperature due to the temperature gradient on the isothermal area. To
resolve this problem, we have newly designed the Si-N membrane-based microcalorimeter that has symmetrical heater and
sensor in the isothermal region and have performed thermal simulation using COMSOL Multiphysics. We found from the
simulation that the thermal gradient in the isothermal region becomes nearly 0 % at the temperature region from 20 K to 700 K.
We have thus fabricated this type of microcalorimeter (Type IV) in the nanofabrication center at Daejeon and sequentially
measured the addend heat capacity and a Al2O3 single crystal (~ 0.2 mg) (NIST standard) at temperatures 20 - 300 K using
PPMSTM and 300 - 550 K using our home made setup. At room temperature, the Type IV microcalorimeter showed lower
addenda heat capacity (~ 6x10-6 J/K) than our previous microcalorimeters [1]. Furthermore, in the temperature range from 300
K to 550 K, it showed errors less than 3 % for Al2O3, which are greatly reduced values compared with the errors in the previous
microcalorimeters. Rather a systematic increase of errors below 300 K has been also found but its origin has not been clarified
yet. A possible increase of thermal conductivity at low temperatures in a newly added SiO2 layer might be a plausible source of
the errors. [1]. K. S. Suh, Thermochim, Acta 490, 1-7 (2009)
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EG-09*

Measurement of thermal conductivity of Bi thin films with high-density ordered nanoscopic

pores

PARK No-won, LEE Won-yong, KIM Gil-sung1, LEE Sang-kwon
Deparrtment of Physics, Chung-Ang University, Seoul, 156-756, Korea. 1Department of Semiconductor Science and
Technology, Chonbuk National University, Jeonju, 561-756, Republic of Korea.
During the past years, two-dimensional (2D) nanostructures such as a thin film have received substantial interest because they
indicate novel physical properties and have excellent potential for applications in various fields of physics. Especially, in the
field of thermoelectronic, these thin films have low thermal conductivity values. Thin films require high precision measurement
techniques with high resolutions such as a 3ω-technique, scanning thermal microscope and etc. In this study, thermal
conductivity was estimated for individual 2D Bi thin films using a 3ω-technique.Herein, we report on the thermal conductivity
of 2D Bi thin films with high-density ordered nanoscopic pores by using e-beam evaporation of Bi metal. For this structure, we
used polystyrene beads ranging from 200 to 750 nm in diameter as an etch mask. The typical hole and neck sizes of the Bi thin
films with ~50 nm thickness on SiO2/Si substrates were in the range of 135-490 nm and 65-260 nm, respectively. By measuring
the thermal characteristics through a 3ω technique, we found that the thermal conductivities of nanoporous Bi thin films are
greatly suppressed compared with those of corresponding bulk materials. With a decrease in pore size to ~135 nm, the thermal
conductivity decreased significantly to ~0.46 W/m∙K at 300 K.
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EG-11*

Metal-semiconductor Junctions Generated NiOx/Ni Nanodots

JO William, LEE Nuri, MENY Cristian1
Ewha Womans University, Department of Physics. 1UMR 7504 ULPCNRS, Institute of Physics and Chemistry of Materials of Strasbourg,.
In this paper, current conduction mechanisms of a lithography fabricated
NiOx nanodot array have been investigated. Influence of voltage on the

Ni/NiOx structures has been analyzed by Au-coated tip of atomic force
microscopy. Current-voltage measurements conducted at various
temperatures were performed in metal-oxide-metal test structures with 18
nm thick Ni layers. A variety of conduction mechanisms, such as
Schottky thermionic emission, Fowler-Nordheim tunneling, PooleFrenkel emission, and space-charge-limited conduction, have been
systematically evaluated. The mechanisms of the current conduction
through the oxides were affected by the contact area of the nickel oxide and by the applied electric field. Finally, the study of
the current conduction mechanisms involved in the nickel oxide nano-dots is a priceless test board for binary memory devices at
the nanoscale which is critical for the eventual integration of the systems in devices.

EG-12*

Enhanced Light Emission in ZnO/Ag Nanograting via Cavity Mode and Surface Plasmon

MINJI Gwon, DONG-WOOK Kim, DAHYUN nam1, HYEONSIK Cheong1, Y.U. Lee, J.W. Wu
Ewha Womans University, Department. of Physics.. 1Sogang University, Department. of Physics..
Surface plasmon polaritons (SPP) is originated from resonant interaction between the surface charge oscillations and the
electromagnetic waves at the metal/dielectric interface. Periodic nanostructures can bridge the SPP-photon momentum gap and
excite grating-coupled SPP modes at specific photon energies. ZnO/Ag thin films were deposited on Si substrates with onedimensional grating structures (period: 500 nm) fabricated by electron beam lithography and dry etching processes. The
ZnO/Ag grating structures exhibited multiple peak features in visible-range micro-photoluminescence (PL).The spectra had
several dips, whose shapes and positions had clear difference depending on the polarization direction of the incident
light.Numerical calculations using the finite-difference time-domain (FDTD) method was performed and the calculations well
reproduced the experimental results. The electromagnetic field distributions, obtained from the FDTD simulations, assured the
excitation of the SPP and cavity mode in groove.
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EG-13*

Investigation of spin polarized Cu-Phthalocyanine spinterface

BAE Yu Jeong, LEE Nyun Jong, PRATT Andrew1, YAMAUCHI Yasushi2, KIM Tae Hee
Ewha Womans University, Department of Physics. 1National Institute for Materials Science, International Center for Young
Scientist. 2National Institute for Materials Science, Spin Characterization Group.
Considerable progress has been made on integrating organic semiconductors (OSCs) into spintronics. The critical importance
of interfacial control at molecular level in spin transport of the organic (O)/inorganic (I) heterostructures has been reported [1,2].
Therefore, a new field, so-called spinterface science arises recently and has grabbed attention of researchers in the field of
spintronics. In this work, we focus on the comparative study of ferromagnetic metal (FM)/OSC and oxide/OSC interfaces to
demonstrate the relation of different architectures of molecules at the interfaces to spin-device performance. To investigate
contact geometry of OSC Cu-Phthalocyanine (CuPc) molecules on FM Fe(001) and oxide MgO(001) and changes in spin
asymmetry at the interfaces, we perform metastable de-excitation spectroscopy (MDS) by using the spin-polarized metastable
helium (He*) beam. Compared to adsorption on the strongly-interacting Fe(001) surface, CuPc film on MgO(001) gives rise to
improvement of out-of-plane ordering of CuPc molecules in which the strong temperature dependence of tilt angle of the CuPc
molecules shows. To demonstrate the effects of these molecular architectures on spin transport, we prepare magnetic tunnel
junctions (MTJs) consisted of Fe(001)/CuPc/Co with and without MgO(001) interlayer between Fe(001)/CuPc and investigate
systematically the spin transport phenomena through CuPc barrier. With MgO(001), the MTJs show an abrupt transition in the
junction resistance at ~250 K and the tunnel magneto-resistance reduced from ~250% to 10% as the temperature increases from
77 K to RT. Our results provide a quite close relation of interfacial properties and spin-device performance and suggest
significant new insights to ultimately control the spin injection signals by designing the spinterface at the molecular level. [1] C.
Barraud et al., Nature Phys. 6, 615-620 (2010) [2] Sabine Steil et al., Nature Phys. 9, 242-247 (2013)

EG-14

User-Friendly Universal and Durable Subcellular-Scaled Template for Protein Binding

JANG Jae-Won
Pukyong National University, Physics.
A new method for subcellular-sized protein patterning on a SiOx substrate is demonstrated by dip-pen nanolithography printed
aldehyde-terminated alkylsilane template. The aldehyde-silane template is stable and durable; for example, subcellular scaled
IgG protein array can be obtained using one-year old aldehyde-silane template. Moreover, single cell patterning is successfully
carried out by extracellular matrix (ECM) protein microarray and nanoarray fabricated on an aldehyde-silane template. With
more than half of chance, single- or double-cells are successfully attached on fibronectin protein nanoarrays in 21 × 21 μm2 (7 ×
7 dot array) and 42 × 42 μm2 (14 × 14 dot array). The fibronectin nanoarray with small area (21 × 21 μm2) shows the more rate
of single cell attachment. Therefore, it is also demonstrated that cell patterning can be controlled by adjusting the nanostructure
of ECM materials.
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EG-16

EFFECTS OF THE INTRINSIC MECHANICAL PROPERTIES OF A SINGLE CELL ON
DIFFERENTIATION IN ADIPOSE, BONE NARROW- AND UMBILICAL CORD-DERIVED
MESENCHYMAL STEM CELLS
,

,
.
Mesenchymal stem cells (MSCs) are multipotent adult stem cells having a high capacity for self-renewal and an ability of
production of multiple lineages. Recently, the mechanical properties of MSCs have gained increasing attention in the field of
tissue engineering because the elastic and viscoelastic properties of MSCs showed correlation with the lineage-specific
metabolites. Therefore for successful tissue regeneration, it is necessary to characterize biological or biomechanical properties
of both MSCs and the differentiated cells because the mechanical properties play an important role in cell fate, proliferation,
differentiation, and cell-to-cell interaction. The matched properties between MSCs and the differentiated cells may crucial for
the functional recovery of the repaired tissues. The aims of this study were: (I) to investigate the mechanical behavior of three
different MSCs, adipose- (ASCs), bone marrow (BM, and umbilical cord-derived mesenchymal stem cells (UCMSCs), during
osteogenic differentiation and (II) to investigate whether fully differentiated cells exhibit distinct biomechanical properties with
respect to the variety of MSCs.

10

EG-17
,

GFP
/

.
,

,

.
,
E-beam resist

" "
green fluorescence protein

.
,

.

EG-18

Water Flow Kinematic Shock Analysis of Inverted U-type Pipes in PWR

LEE Seung-Chan, YOON Duk-Joo, HA Sang-Jun
.
According to Generic Letter 2008-01, the void packet of inverted U-pipes
in front of SI(Safety Injection) pumps generates the shock of kinematic
waves by bubbly flow and gas packet flow. In this study, the solution of
the problem through the kinematic shock equation is developed. We have
founded that the gas packet is bounded by the bottom of the high point
pipe and the location where the water jet plunges into the water filled
down-comer where the jet entrains air from the gas volume. Full equation
of calculating the depth of the kinematic shock in U-type pipe in ECCS is
developed. The full equation can reduce many steps (about 8~9 steps) of
the kinematic shock calculation into only one step. Using the full equation
of this study, the kinematic shock is strongly depended on the void packet
velocity. In the part of verification, the difference between this result and
Perdu experiment result is nothing in the condition of many iterations of
Perdu simple model. The full equation developed by this study is in good agreement with the result of many iterations of Perdu
simple model. The only one-step calculation of the full equation is completely matched with the multi-step calculation of Perdu
Test.
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EG-19

Enhancement of Short Circuit Current in Organic Tandem Solar Cells

LEE Sang Bong, YOON Choon Sup, YOON Sung Cheol1, KIM Pan Seok1, PARK Sangman1, LIM Jong Sun1
KAIST. 1KRICT.
In organic solar cells with tandem structure, the major factor limiting the performance is the recombination of electrons and
holes in the interlayer between two sub-cells. Conventional interlayer, which is made of metal clusters such as gold or silver,
connects the component cells in series, so the open circuit voltage, Voc of the tandem cell is given as sum of the Voc of each
sub-cell. However, the short circuit current, Jsc of the tandem cell is limited to the smaller value of the Jsc of the two
component cells. In order to increase the power conversion efficiency of the organic tandem solar cells, it is necessary to
increase Jsc as well as Voc. By introducing a non-metallic novel interlayer that suppresses the charge recombination, we were
able to make an effective parallel conncetion of the component cells and, thereby, achieved 40% increase in Jsc of the tandem
cell while maintaining the median value of the Voc the component cells.
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EG-21*

Efficient Light Trapping and Carrier Collection in Nano-patterned Si Solar Cells

YUNAE Cho, GWON Minji, KIM Dong-Wook, KIM Joondong1
Ewha Womans University, Department. of Physics. 1Incheon National University, Department of Electrical Engineering.
Recently, there have been intensive researches on development of ultrathin Si absorber-based solar cells to realize highefficiency and low-cost photovoltaic devices. Patterned absorbers have exhibited superior light trapping performance, such as
omni-directional and enhanced optical absorption, compared with the planar counterparts. The efficiencies of the patterned cells,
however, have not surpassed those of the conventional cells primarily due to recombination loss at the enlarged surface area. In
this study, we have investigated photovoltaic performance of nano-patterned crystalline Si solar cells. The patterned cells
showed drastically reduced optical reflectance and enhanced photocurrent. Finite-difference time-domain (FDTD) simulations
revealed that the nano-patterns concentrated the optical field near the surface with the help of the antireflection effect and
excitation of optical resonant modes. Comparative investigation of experimental and simulation results suggested beneficial role
of the nano-patterns in raising the carrier collection as well as the optical absorption.

EG-22*

Minority carrier transport in kesterite Cu2ZnSnS4 thin-film solar cells

KIM Gee Yeong, KIM Ju Ri, JEONG Ah Reum1, WILLIAM Jo, LEE Ki
Do2, KIM Jin Young2, NGUYEN Trang3, SHIN Hae-Young3, YOON
SEOKHYUN3
Physics Department and New and Renewable Energy Research Center
(NREC), Ewha Womans University. 1Helmholtz-Zentrum Berlin. 2Korea
Institute of Science and Technology. 3Department of Physics, Ewha
Womans University.
Kesterite photovoltaic from Cu2ZnSnS4 (CZTS) is a promising material
as a substitution for chalcopyrite. To achieve high efficient kesterite solar
cells, we have to confirm the electron-hole carrier transport. To identify
carrier transport of CZTS, we investigated the local and surface electrical
properties of CZTS thin-films with different composition based on
scanning probe microscopy. We used a non-vacuum process with
electrolyte-based plating and sulfurization of CZTS. From the
characterizations, we can suggest the minority carriers do not recombine
at the GB and thus collection by the GB and carrier transport through the
GBs. Downward band bending aid minority carriers move into GBs and
do not recombine with majority carriers in CZTS. We also confirmed Curich compositions are linked to form Cu2S secondary phases. Since Cu
composition may associate with minority carrier mobility and
concentration. For these studies we can predict that GBs would act as conduction channels for excited minority electrons.
Therefore, GBs are acting as channels for minority carrier transport rather than recombination centers in kesterite CZTS.
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EG-23*

Investigating Zn-composition-tuned Cu2ZnSn(S,Se)4 Thin Film Solar Cell Absorber with
Raman Spectroscopy

GANSUKH Mungunshagai, NAM Dahyun, SON Dae-ho1, YANG KeeJoeng1, KANG Jin-Kyu1, CHEONG Hyeonsik
Sogang University, Department of Physics. 1DGIST, Green Energy
Research Division.
Cu2ZnSn(S,Se)4 (CZTSSe) have drawn intensive attention for thin film
solar cells. The ideal 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 nonstoichiometric: Cu/(Zn+Sn)=0.8 and Zn/Sn=1.2. Secondary phases such
as ZnS, ZnSe, Cu2SnS3 and Cu2SnSe3 usually exist even in high
efficiency samples. The underlying reasons why Cu poor and Zn rich
conditions give high efficiency and the role of secondary phases in these
samples are not yet clear. In this study we tried to understand the
influence of Zn ratio on CZTSSe thin films. To make CZTSSe thin films,
metallic precursors (CuS, SnS and ZnS) were deposited by sputtering
method followed by selenization. The thicknesses of CuS and SnS were
fixed and the ZnS thickness was varied from 330 nm to 365 nm to study the Zn composition dependence. It was possible to
identify CZTSSe and its secondary phases by using Raman Spectroscopy. We used different kinds of lasers to match the
resonant Raman conditions for important secondary phases. Also micro-Raman mapping was performed to investigate the
spatial distribution of secondary phases.

EG-24*

Studying etching treatment in Cu2ZnSnS4 thin films by Raman scattering spectroscopy

NGUYEN THI THU Trang, SHIN Hae-Young, KIM Gee Yeong, KIM Ju Ri, JO William, LEE Ki Doo1, KIM Jin Young1,
YOON Seokhyun
Ewha Womans University, Department of Physics. 1Korea Institute of Science and Technology.
Cu2ZnSnS4 (CZTS) is one of the most attractive absorber layer materials for low-cost thin film solar cell due to its

semiconducting properties such as p-type conductivity, direct band gap, and high optical absorption coefficient (α >104 cm-1) as
well as abundance and environmentally harmlessness. CZTS thin-films in this study have different ratios of Copper and Zinc
components and are grown on Mo coated soda lime glass substrates by electro-plating method and sulfurization. The surfaces of
the CZTS thin-films were etched with various conditions (concentration, time, and temperature etc.) of KCN etching. We
studied these CZTS samples by means of Raman scattering spectroscopy. In our studies, optical phonon modes of CZTS thin
films before and after etching were measured by using macro- and micro-Raman spectroscopy. Raman spectra show
conventional Raman peaks of CZTS and second phase peaks associated with CZTS compounds. We observed that the surface
etching treatment causes change of Raman modes of CZTS and disappearing second phases of CZTS as well. In addition, local
electronic property of our sample is also given by KPFM and C-AFM measurements that can be compared with our Raman
results. We show that Raman scattering spectroscopy is a useful tool to study influence of treatment affects to photovoltaic
efficiency of CZTS solar cells.
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EG-25*

Computational study on layered CrS2 toward a new anode material for Li-ion batteries

KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
Using ab-initio calculations based on the density functional theory (DFT)
supplemented with van der Waals interaction, we investigate the
adsorption and diffusion properties of lithium on layered CrS2 for Li-ion
battery. To find whether layered CrS2 can be used as an anode material in
Li-ion battery, we thoroughly explore the diffusion paths and barriers of
Li atoms inside the layered CrS2 bulk structures as well as on a freestanding single-layer of CrS2. We find that Li atoms exhibit almost free intra-layer diffusion, while inter-layer diffusion is
difficult to occur. We also estimate the Li-capacity of the CrS2 by evaluating the binding energy and the energy gain of the Li
while intercalating more Li atoms until the Li binding energy and energy gain becomes smaller than 1.6 eV, Li cohesive energy
per atom. We find that CrS2 could have larger Li-capacity than graphite, which is a widely-used anode material, implying that
layered CrS2 may be a good candidate for Li-ion battery electrodes.

ET-01
KAIST,

.

Collective electron oscillations at a metal-dielectric interface, known as surface plasmon polaritons, enable to
confine and manipulate infrared or visible frequency electromagnetic waves beyond the optical diffraction limit. In
particular, plasmonic optical nano-antennas, as a miniaturization of radio antenna, convert freely propagating optical
radiation into localized field, and vice versa, and thus provide an efficient method to interface optical frequency light
with various nano-objects, such as quantum dots and fluorescence molecules. The strong light-matter interaction at
the subwavelength scale has been widely used to modify the temporal and spatial properties of emitters, enhance
nonlinear optical processes, and control farfield radiation pathway. We will attempt to summarize the fundamentals
on such plasmonic light concentration and review recent applications of plasmonic nano-antennas in ultra-compact
and fast optoelectronic devices, techniques for high-resolution imaging, highly efficient sensors and detectors, nanooptical trapping, and so on.
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P1-E001*

Synthesis and characterization of hexagonal twisted bilayer graphene

HONG Sung Ju, HAN Gang Hee1, MANZO A. Julio R.1, KIM Kyung Ho, SOLER-VELGADO David, DRNDIC Maria1,
JOHNSON A. T. Charlie1, PARK Yung Woo
Department of Physics and Astronomy, Seoul National University. 1Department of Physics and Astronomy, University of
Pennsylvania.
We have grown hexagonal twisted bilayer graphene (tBLG) by using chemical vapor
deposition (CVD) method. We characterized twist angle by Raman spectroscopy and
electron diffraction experiment. Both characterizations indicate twist angle can be
estimated by optical image. We also confirmed hexagonal graphene has a same atomic
structure with zigzag edge direction. Furthermore, we investigated electronic transport
property with dual gated configuration. It seems to be different from both that of single
and Bernal stacked bilayer graphene. We would understand the behavior as two parallel
conductor model. In addition, we have observed p-n junction behavior in single and twisted
bilayer junction.

P1-E002*

Synthesis and Characterization of Large-Area and Highly Crystalline Tungsten Disulphide
(WS2) Atomic Layer by Chemical Vapor Deposition

KIM Ji Sun, KIM Yooseok, PARK Seung-Ho, KO Yong Hun, PARK Chong-Yun
Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea.
Transition metal dichalcogenides (MoS2, WS2, WSe2, MoSe2, NbS2, NbSe2, etc.) are layered materials that can exhibit
semiconducting, metallic and even superconducting behavior. In the bulk form, the semiconducting phases (MoS2, WS2, WSe2,

MoSe2) have an indirect band gap. Recently, these layered systems have attracted a great deal of attention mainly due to their
complementary electronic properties when compared to other two-dimensional materials, such as graphene (a semimetal) and
boron nitride (an insulator). However, these bulk properties could be significantly modified when the system becomes monolayered; the indirect band gap becomes direct. Such changes in the band structure when reducing the thickness of a WS2 film
have important implications for the development of novel applications, such as valleytronics. In this work, we report for the
controlled synthesis of large-area (~cm2) single-, bi-, and few-layer WS2 using a two-step process. WOx thin films were
deposited onto a Si/SiO2 substrate, and these films were then sulfurized under vacuum in a second step occurring at high
temperatures (750 °C). Furthermore, we have developed an efficient route to transfer these WS2 films onto different substrates,
using concentrated HF. WS2 films of different thicknesses have been analyzed by optical microscopy, Raman spectroscopy, and
high-resolution transmission electron microscopy.
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P1-E003

Controlled growth of large-area mono-, bi-, and few-layer graphene by chemical vapor
deposition on copper substrate

KIM Yooseok, LEE Su-il, JUNG Dae Sung1, CHA Myoung-Jun, KIM Ji Sun, KO Yong Hun, PARK Chong-Yun*
Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea. 1Department of Energy Science,
Sungkyunkwan University, Suwon 440-746, Republic of Korea.
Direct synthesis of graphene using a chemical vapor deposition (CVD) has been considered a facile way to produce large-area
and uniform graphene film, which is an accessible method from an application standpoint. Hence, their fundamental
understanding is highly required. Unfortunately, the CVD growth mechanism of graphene on Cu remains elusive and
controversial.Here, we present the effect of graphene growth parameters on the number of graphene layers were systematically
studied and growth mechanism on copper substrate was proposed. Parameters that could affect the thickness of graphene growth
include the pressure in the system, gas flow rate, growth pressure, growth temperature, and cooling rate. We hypothesis that the
partial pressure of both the carbon sources and hydrogen gas in the growth process, which is set by the total pressure and the
mole fraction of the feedstock, could be the factor that controls the thickness of the graphene. The graphene on Cu was grown
by the diffusion and precipitation mode not by the surface adsorption mode, because similar results were observed in
graphene/Ni system. The carbon-diffused Cu layer was also observed after graphene growth under high CH4 pressure. Our
findings may facilitate both the large-area synthesis of well-controlled graphene features and wide range of applications of
graphene.

P1-E004

The White LED Application Possibility of the Yellow Phosphor GdVO4:Dy3+

JEONG Jung Hyun, OH Ju Hyun, KIM Eun Ock, MOON Byung Kee,
CHOI Byung Chun, CHUNG Jong Won1
Department of Physics, Pukyong National University. 1Department of
Chemistry, Changwon National University.
White-light-emitting diodes (WLEDs) were produced by combining a
yellow phosphor with near ultraviolet (n-UV) LED or blue LED.
Therefore development of yellow phosphor is important as blue or n-UV.
This research is a purpose to find the alternative phosphor of the existing
the yellow phosphor comprising WLED.In this study, the phosphor
GdVO4 doped Dy3+ was synthesized by solvothermal method, that used
the autoclave at 200℃ for 10h.After that, the prepared materials was fired
at 800℃ for 5h. The Dy3+ concentration changed from 0.1mol% to
5mol%.The synthesized phosphors were characterized by X-ray powder
diffraction (XRD), field emission scanning electron microscopy (FESEM), photoluminescence (PL) and photoluminescence excitation spectra
(PLE). The emission spectrum of GdVO4:Dy3+ is composed of two
characteristic emission peaks. In photoluminescence spectrum, the
emissions peak is shown at 484nm and 573nm.They are associated with
transitions from the 3F9/2 level to 6H15/2 and 6H13/2. The sample size is
about 400~700nm. It is shown by FE-SEM.
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P1-E005

Photoluminescence and Cathodoluminescence Properties of Blue-light Emitting Sr2CeO4

Phosphor

JEONG Jung Hyun, SEO Yeon Woo, MOON Byung Kee, CHOI Byung
Chun
Department of Physics, Pukyong National University.
Various optical devices such as PDPs, FEDs, LEDs widely utilize oxidebased phosphors due to their high thermal and chemical stability.
Recently, oxide-based lanthanide phosphors have been more attention
because of their excellent optical properties. The search for blue
phosphors is of particular importance because of the limited number of
stable blue luminescent materials available currently. Sr2CeO4 has been
found to exhibit efficient luminescence under excitation with cathode and
X-rays. And it has been established that Sr2CeO4 exhibits
photoluminescence under excitation with irradiation of ultraviolet rays. In
this study, a blue emitting Sr2CeO4 phosphor was synthesized by using a
solid state reaction method. The powders were finally obtained through
calcination process sintered in the air at 950~1150 ºC. Their crystalline
structure, surface morphology and phase transitions were investigated by
XRD, FE-SEM, PLE and PL spectra, CL spectra.
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P1-E008

Optical Characteristics of Dy3+ in Calcium Strontium Silicate Powders for Photonic

Applications
,

,

1,

. 1
.
Calcium silicates and strontium silicates are widely studied as candidate materials for the next generation lighting systems.
Rare-earth-doped phosphor materials are actively applied as a part of LEDs. In search for the candidate materials for photonic
applications, we are trying to synthesize phosphor powders having better luminescent features by applying different rare-earths
in our phosphor systems. We have obtained the optical characteristics in Dy3+-doped calcium silicates and strontium silicates,
respectively. In this presentation, we report the optical properties of Dy3+ in calcium strontium orthosilicate phosphors. We
synthesize CaSrSiO4:Dy3+ phosphors by using the solid-state reaction method with the same procedures as in CaSiO4 and
SrSiO4 cases. Physical properties are characterized with XRD, SEM, and XPS. Optical properties are studied by taking
absorption, excitation, and emission spectra. Emission bands corresponding to the electric dipole 4F9/2 → 6H15/2, 4F9/2 → 6H13/2,

and 4F9/2 → 6H11/2 transition of Dy3+ are observed with an excitation wavelength of 350 nm. We have compared the differences

in physical and optical properties in Dy3+-doped silicates, that is, Ca2SiO4, Sr2SiO4, and CaSrSiO4.

P1-E009*
,

3D Coherent X-ray Diffraction Imaging on ZSM-5 zeolites
, CARNIS Jerome, MBAYE Seck Ngor,

,

,

, PHAM Tung,

,

1,

1

. 1
.
We measured coherent X-ray diffraction patterns of the ZSM-5 zeolites at (200) and (020) Bragg condition at the beamline 9C
at Pohang Light Source II (PLS II). By applying phase retrieval algorithm, the three dimensional shape of the crystal and
internal deformation field distribution were obtained. ZSM-5 zeolite microcrystals with size of ~2 micron were attached on Si
(100) substrate. After ZSM-5 zeolites calcined at 550C, internal strain was almost released. In this work, the result will be
compared the data taken Advanced Photon Source, USA in terms of the flux, energy of the x-rays, and the optics in the
beamline at PLS II for the improvement in the future. Results in terms of coherent volume of scattering will also be discussed
complementally.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. 20110012251 and 2008-0062606, CELA-NCRC), Sogang University Research Grant of 2012.
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P1-E010*

Synthesis of Size and Site selective ZnO nanowires on Seed Patterns Prepared By Using
Electrohydrodynamic Lithography

LEE Suok, MOON Choongman, JUNG Sang Hee1, LEE Jaejong1, KANG Dae Joon
Department of Physics, Institute of Basic Sciences, Sungkyunkwan University, Korea. 1Nanomechanical Systems Research
Division, KIMM, Daejeon 171, KOREA.
Zinc oxide (ZnO) has attracted a great deal of attention due to its unique optoelectronic properties. It has been explored in
various applications including ultraviolet emitting diodes, solar cells, gas sensors and piezoelectric energy conversion devices.
However, to maximize its technological potential, it is necessary to develop a reliable technique enabling a tight control over
position and density of nanostructures over a large area. Herein, we developed a novel method in controlling position and the
density of ZnO nanorods via electrohydrodynamic lithography (EHL) using Zn methacrylate as a precursor resist. From the seed
patterns, ZnO nanorods were grown by using a wet chemical and solid vapor methods. Furthermore, ZnO-TiO2 hybrid
nanostructures were also fabricated by the same technique. Selective growth of ZnO nanorods and ZnO-TiO2 hybrid
nanostructures were characterized by FE-SEM, X-ray diffraction, and Raman spectroscopy.

P1-E011*

2-Step Hydrothermal Synthesis of GaN nanowires

KHAN Shahbaz, KANG Dae Joon
Department of Physics, Department of Energy Science, Sungkyunkwan University, Korea.
The Gallium Oxide hydro-oxide nano-crystalline wires were successfully synthesized by CVD-hydrothermal method using
Gallium Oxide, Hydrochloric acid and Hydrate Ammonia as materials. Heat treatment of GaOOH nanowires in HT-CVD under
the flow of NH3 gas leads to the formation of under 100nm GaN nanowires at 1000℃ through GaOOH. The resultant GaOOH
and GaN nanomaterials were characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The growth
mechanism of GaOOH and GaN was proposed. The results indicate that the as synthesized GaN were hexagonal nanowires with
average aspects ratio of 25. Photoluminescence spectrum shows that a blue emission peak originates at 473.5 nm, indicating that
the GaN nanowires displayed luminescence emission in the blue-violet region.
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P1-E012*

Synthesis and Dielectric Properties of Multi-walled Carbon Nanotube and Pb(Zr0.52Ti0.48)

O3 Composite films for High Performance Insulators

KWAK Jin Ho, HAN Jin Kyu, BU Sang Don
Department of Physics, Chonbuk National University.
We report the synthesis and dielectric properties of the multi-walled CNTs (MWCNTs)-Pb(Zr0.52Ti0.48)O3 (PZT) composites in
thin and thick film structure. The PZT were prepared by a sol-gel synthesis method with transition metal-based alkoxides. The
MWCNTs were purified by heating and acid-treatment. To fabricate thin film structure of composites, MWCNTs were mixed
into PZT sol-gel solution with various concentration. And MWCNTs-PZT sol-gel solution was deposited onto (111)
Pt/Ti/SiO2/Si substrates by spin-coating and subsequently annealed. To fabricate thick film structure of composites, dried PZT
sol-gel powder was annealed and compressed with MWCNTs. The morphological, structural, electrical properties of MWCNTsPZT composite thin and thick films are analyzed with field-emission scanning electron microscope (FE-SEM), x-ray diffraction
(X-RD), TF Analyzer, and HP 4194A impedance analyzer. We found that MWCNTs seem to be distributed into the PZT
ceramic film structure from FESEM images. Dielectric constant and a.c. conductivity were increased when MWCNT was mixed
into PZT film structures. In thin film structure, dielectric constant was increased from 35 to 57. On the other hands, dielectric
constant was increased from 300 to 3000 in thick film structure. It is assumed that Maxwell-Wagner-Polarization model and
mini capacitor model will be explained the origin of increasing dielectric properties. It is expected to be occurrence of
percolation threshold between PZT film structure and MWCNTs. In the presentation, the structural and electrical properties with
increasing concentration ratio of MWCNT in composites will be discussed.

P1-E013*

Bias voltage effect on photo-assisted bistable switching in vanadium dioxide
1,

,
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,
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.
We investigated a bias voltage effect on a photo-assisted bistable switching in vanadium dioxide (VO2) thin film. The photoassisted bistable switching was realized by illuminating the film with an infrared laser, and the bias effect on the bistable
switching was examined in a circuit composed of a VO2-based device, a DC voltage source, and a resistor. Some bias voltages
could convert the bistable switching into a unidirectional switching..
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Applications

Preparetion of P- and Ca-doped TiO2 Nanotube Layer by Anodic Oxidation for Dental

KIM Kun Ho, LEE Jeoung Ju, CHO Sung-Am1, SEO Dong Ju2
Department of Physics and RINS, Gyeongsang National University. 1Department of Prosthodontics, College of Dentistry,
Kyungpook National University. 2Department of Physics Education, Chosun University.
We report on the formation and characterization of P- or Ca-doped TiO2 nanotube films for dental applications. The nanotube
films were fabricated by using anodization method with NH4F-based electrolyte solution. By controlling the electrolyte
concentration, current density and anodization voltage, and post annealing temperatures in flowing O2 ambient, well ordered
single phase anatase-TiO2 nanotubes with diameters about 50 nm were achieved. [1]
2010
(RPP-2010-001).
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Flexible & Nano architecture pGaN/ZnO LED structure on carbon Fiber

ABBAS Kaleem, KANG Dae Joon
Department of Physics, Department of Energy Science, Institute of Basic Sciences, Sugkyunkwan University, Korea.
We report on the fabrication and electrical characteristics of a unique, highly flexible light emitting diode structure on carbon
fiber. High quality ZnO nanorods were grown on carbon fiber, whose structural quality confirmed by XRD, Raman at 424cm-1
with highly oriented polar face and SEM for uniform wurzite structure. The pn-junction were made by coating the pGaN on
ZnO nanorods by using wet chemical method. SEM results show the uniform coating of pGaN on ZnO nanorods and XRD
results show the good crystalline quality of pGaN nanocrystals and EDS confirms the presence of GaN. I-V characteristics of
the diode structure were measured systematically. This LED structure retains high flexibility owing to carbon fiber. This study
offers a different approach for fabrication of highly flexible optoectectronic devices.

P1-E017

Optical and Structural Properties of Pt/ZnO Nanorods Composites with Heat Treatment

LEE JiEun, YUN Jong Won, SEO DuckMin, CHOI SuMin, KIM SoonWook, KIM HyunSeung1, KWON MinChul1, YOO
DaeHwang, HAHN SungHong
University of Ulsan, Physics. 1UNIVEC, GimHae.
wide
UV
.
,
ZnO 3.37 ev
,
, SAW
(LEDs),
(LDs)
.
ZnO
(nanowire),
(nanorod),
(nanoneedle),
(nanobelt)
.
(Hydrothermal method)
Si
ZnO nanorods
Pt nanoparticles
spin-coating
Pt/ZnO nanorods
.
100°, 200°, 500°
Pt/ZnO
nanorods
. Pt/ZnO nanorods
,
(SEM)
,
x(XRD)
2θ
20~60°
, Photoluminescence
. UV-Vis spectrometry
.

23

P1-E018
LED
,

Luminescence investigations of Sr3SiO5:Eu2+ orange-yellow phosphor for UV-based white
1,

1

. 1
,
.
A orange-yellow phosphor, Sr3SiO5:Eu2+, was synthesized by a high
energy ball milling method. Sr3SiO5:Eu2+ exhibits a orange-yellow

emission under the blue radiation excitation. However, Sr3SiO5:Eu2+
shows a two-peak emission under the ultraviolet radiation excitation when Eu2+ doping content is less than 0.01mol. Moreover,
the blue emission disappears and the orange-yellow emission reaches the peak value when Eu2+ doping content is less than
0.01mol. Namely, the energy transfer takes place between the Eu2+ activators, which is located at two different crystallographic
sites in the Sr3SiO5. And the energy transfer mechanism is the dipole–dipole interaction. The sample showed a broad excitation
band from 300 to 500 nm and a broad band emission peaking at 561 nm. The phosphors are favorable for fabricating warm
white LED pumping with GaN blue LEDs.

P1-E019*

Femtosecond Dynamics Study on Energy Transfer in a Side-chain TriphenylenePolythiopene Polymer
KIM E.S., LEE K.J., WOO J.H., MAZUR Leszek1, XIAO Y.2,
MATHEVET F.2, ATTIAS A.-J.2, RIBIERRE J.-C.3, WU J.W.4
Department of Physics and CNRS-Ewha International Research Center,
Ewha Womans University. 1Laboratory of Polymer Chemistry,
University Pierre et Marie Curie, Institute of Physical and Theoretical
Chemistry, Wroclaw University of Technology. 2Laboratory of Polymer Chemistry, University Pierre et Marie Curie. 3Center
for Organic Photonics and Electronics Research, Kyushu University. 4Department of Physics and CNRS-Ewha International
Research Center , Ewha Womans University.
Side-chain discotic liquid crystal polythiophene polymer is an important structure to enhance electron mobility in
semiconducting polymer by a self-organization property of discotic mesogenes. Microscopic processes of electron dynamics in
π-conjugated structures are both responsible for the transport property and energy transfer in side-chain liquid crystal
semiconducting polymer. In order to correlate the transport property with energy transfer characteristics, we employed a
femtosecond ultrafast transient absorption measurement (60 fs) by pumping at triphenylene donor and probing at polythiophene
acceptor. Two examples of polymers are employed with different spacers between donor and acceptors, namely, C5 and C10.
Experimental data and analysis will be presented for both solution and thin film samples.
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Morphologies of Te Thin Films Fabricated by Galvanic Displacement Reaction of
Electroplated Co Thin Films
,

,

,

1,

2,

2

,
. 1
. 2
.
Co thin films were fabricated by an electroplating method. Crystalline structure of the thin films, such as preffered orientation
and grain size, could be controlled by the addition of an organic additive. The Co thin films were then converted to Te structures
which exhibited various morphologies including compact thin films and feather-like microstrcutures. Specifically, the featherlike Te showed single crystalline structure along the c-axis. The evolution of Te structures were caused by the difference in
grain boundary density of the Co thin films, which can be explained by open circuit potential measurement as a function of
time.
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Imaging fully hydrated biological specimens by coherent diffraction microscopy

NAM Daewoong, PARK Jaehyun1, GALLAGHER-JONES Marucs1, KIM Sangsoo1, KIM Sunam1, KOHMURA Yoshiki1,
NAITOW Hisashi1, KUNISHIMA Naoki1, YOSHIDA Takashi2, ISHIKAWA Tetsuya1, LEE Ki Bong3, SONG Changyong1
Department of physics, POSTECH // RIKEN SPring-8 Center. 1RIKEN SPring-8 Center. 2Division of Applied Biosciences,
Kyoto university. 3Department of physics, POSTECH.
Nanoscale imaging of biological specimens in their native condition is of long-standing interest, in particular with direct, high
resolution views of internal structures of intact specimens, though as yet progress has been limited. Here we introduce wet
coherent x-ray diffraction microscopy capable of imaging fully hydrated and unstained biological specimens. Whole cell
morphologies and internal structures better than 25 nm can be clearly visualized without contrast degradation.

P1-E027

The Physical properties of pulsed laser ablated Cu2ZnSnSe4 thin films as a function of
deposition conditions
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The Cu2ZnSnSe4 (CZTSe) thin films is one of the most promising photovoltaic materials as the absorber of thin film solar cells

,

,

because it has optimal band gap (Eg=1.0 eV) and high absorption coefficient of 104 cm-1. More importantly, CZTSe consists of
abundant and non-toxic elements, so researches on CZTSe thin film solar cells have been increasing significantly in recent
years. In the previous report, most CZTSe thin film solar cell is made by a two step process . In this study, As-deposited CZTSe
thin films have been deposited onto soda lime glass (SLG) substrates at different deposition condition using Pulsed Laser
Deposition (PLD) technique without post-annealing process. The effects of deposition conditions (deposition time, deposition
temperature) onto the structural, compositional and optical properties of CZTSe thin films have been investigated. Without
experiencing selenization process, single phase CZTSe thin film is deposited with no secondary phases. Secondary ion mass
spectrometry (SIMS) study shows that Na ions come from SLG are diffused into the CZTSe thin film. The optical band gap of
CZTSe thin films depending on the deposition conditions. Average energy band gap of the CZTSe thin films is about 1.3 eV.
This work was supported by KBSI grant (T33613) to J.S.Bae”
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Spatially Resolved Electrical, Optical, and Morphology Studies in Cu2SnZnS4 Solar Cells

NAM Dahyun, GANSUKH Mungunshagai, SON Dae-Ho1, KIM Dae-Hwan1, YANG Kee-Jeong1, KANG Jin-Kyu1, CHEONG
Hyeonsik
Sogang University, Department of Physics. 1DGIST, Green Energy Research Division.
Cu2ZnSnS4 (CZTS) thin film solar cells have been attracting much interest recently for their favorable properties as an absorber
layer, such as a high absorption coefficient and an ideal band gap energy. Moreover, they are made of earth-abundant and
nontoxic materials, which is advantageous for reaching the grid parity. Most of the studies so far concentrated on growth
methods to reach a higher efficiency, and macro-properties such as Voc, Jsc, and conversion efficiency have been the focus. In
this study, we focus on their micro-properties which might help understand the macro-properties. We carried out atomic force
microscopy (AFM), micro-photoluminescence (PL), micro-Raman, and micro-laser beam induced current (LBIC)
measurements in order to study the local properties in CZTS solar cells. An area of 15 × 15 μm2 close to the top electrode was
chosen to minimize lateral carrier diffusion in LBIC measurements. The AFM, PL, and Raman scattering measurements were
also carried out on the same area in order to find correlations among three measurements. Moreover, we compared solar cells
with different efficiencies in order to find correlations between local properties and the total efficiency.

P2-E029

Polydopamine Coated Graphene/MOS2 Hybrid Nanosheets with Improved Electrochemical

Performances

LINGAPPAN Niranjanmurthi, KANG Dae Joon
Department of Physics, Institute of Basic Sciences, Sungkyunkwan University, Korea.
Ultra-thin 2D MOS2 nanosheets have been extensively studied as an anode material for lithium ion batteries due to its low-cost,
excellent specific capacity and high power density. Despite the significant advantages, however, MoS2 still suffers from poor
cycling stability, which arises from the dissolution of intermediate polysulphide ions in the electrolyte. Here, we demonstrate
the synthesis of robust electrode network toward improving the cycling stability of MoS2 based anode materials. The
graphene/MoS2 hybrid nanosheets are synthesized via a simple hydrothermal method. The as-prepared nanosheets are
subsequently coated by thin polydopamine layer. As a result, the designed electrode exhibits a remarkable specific capacity,
high rate capability and high power density. More importantly, the electrode shows an outstanding cycling stability, owing to
the polydopamine coating, which protects the polysulphide dissolution and stabilizes the whole electrode during cycling.
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P2-E030*

A Facile Sol-gel Method for Synthesis of Porous Nd-doped TiO2 Monolith with Enhanced
Photocatalytic Activity under UV-Vis Irradiation

HE Wen, DU Jimin1, KANG Dae Joon2
Department of Physics, Institute of Basic Sciences, Sungkyunkwan University, Korea. 1School of Chemistry and Chemical
Engineering, Anyang Normal University, Henan Province, P. R. China. 2Department of Physics, Institute of Basic Science,
Sungkyunkwan University, Korea.
We have successfully synthesized a porous Nb doped TiO2 with polystyrene spheres as a template through a sol-gel method.
The effects of different atomic ratios of N and Ti on the degradation of organic pollutant were investigated. Their morphologies,
structures, and optical properties were characterized by XRD, SEM and BET. Pure titanium dioxide showed bad behavior in the
degradation of organic pollutants because of its low quantum yield, wide band gap energy, and low mass transport. The
photocatalytic activity of the porous Nd-doped TiO2 was investigated through the degradation of methyl orange under UV-Vis
irradiation. Actually, Nb doped TiO2 can increase the TiO2 surface area by preventing the growth of large TiO2 particles, and
suppressing electron/hole recombination through facilitating charge rectification. Moreover, the surface area will be larger
owing to the porous structure. Therefore, the porous Nb doped TiO2 shows a higher efficiency in photocatalytic degradation
than Degussa P25.

P2-E031*

Mesoporous TiO2 spheres/Multiwall Carbon nanotubes composite As Anode for High
performance Lithium Ion Battery

NGUYEN Thi Hong Trang, ALI Zahid, LINGAPPAN Niranjanmurthi, KANG Dae Joon
Department of Physics, Institute of Basic Sciences, SKKU Advanced Instiute of Nanotechnology, Sungkyunkwan University,
Korea.
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.
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P2-E032*

Vibrational and Thermal Properties of Graphynes

KIM Cheol-Woon, KANG Seoung-Hun, LEE Hyun-Soo, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Using density-functional theory (DFT), we investigate the vibrational and thermal properties of α, β and γ graphynes, which
are new allotropes of carbon with sp and sp2 hybridization. The equilibrium structure of each graphyne is determined by
sweeping its possible configuration space, and used to explore its thermal properties, such as IR-active modes, phonon
dispersion relation, thermal expansion behavior, etc. We find that graphyne layers exhibit negative thermal expansion behaviors
in low temperature regime, similar to a single layer of graphene. As temperature increases, this thermal contraction bounces
back to positive thermal expansion.

P2-E033
Reduction

Enhancement Of Electrical Conductivity In Multi-layered Graphene Oxide By Thermal

BAEK Seungjae, HONG Won G.1, PARK Min, KANG Hojin, KIM Byung Hoon2, PARK Yung Woo
Seoul National University. 1KBSI. 2Incheon National University.
To investigate the electronic transport mechanisms in multi-layered graphene oxide (MGO), the temperature-dependent
conductivity has been measured as a function of annealing temperature (Ta). An individual MGO flake was progressively
reduced by thermal annealing at temperatures Ta from 88 to 300 °C, with the reduction process confirmed by X-ray
photoelectron spectroscopy at each stage. As Ta increases, the conductivity of the MGO increases. We find that this
conductivity is well interpreted by variable-range hopping in disordered regions in series with activated conduction across small
barriers. We associate the localized states for hopping with the oxygen functional groups in GO, and the small activation
barriers with grain boundaries, or trapping of charge carriers. Both the hopping and activation barrier resistances are
systematically decreased as the thermal annealing temperature Ta is increased. We also report the conductivity of few-layer
reduced graphene oxide (FGO) for comparison.
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P2-E034*

Enhancement of photovoltage in MoS2 field-effect-transistor

JANG A-Rang, YOON Seong In1, KIM Gwang Woo1, SHIN Hywon Suk1, KANG Dae Joon2
Department of Physics, Department of Energy Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan
University, Korea. 1Interdisciplinary School of Green Energy, Ulsan National Institute of Science and Technology, Ulsan,
Korea. 2Department of Physics, Institute of Basic Sciences, Sungkyunkwan University, Korea.
We report the photo response of single-layer and multi-layer MoS2 field-effect transistors. Until now, many researchers studied
graphene, because it is one of attractive materials for optoelectronics due to high carrier mobility, broadband absorption, and
fast response time. However, as graphene is a zero bandgap semiconductor, efficiency of photoresponse is very low. So,
Semiconducting MoS2 is an attractive material for optoelectronic devices due to large direct bandgap. Herein we compared the
photovoltage effect using hole-doped MoS2 and electron doped MoS2. Our experiments show photovoltage value of MoS2 is
nearly 20 times higher than graphene. This result offers a high performance transparent and flexible phototransistor device using
MoS2 layer.

P2-E035

Understanding of Pattern Replication based on Electrohydrodynamic Lithography by a
Computer Simulation
MOON Choong Man, LEE Suok, KANG Dae Joon
BK21 Physics Division, Institute of Basic Sciences, Sungkyunkwan University.
Electrohydrodynamic lithography (EHL) is a versatile pattern transfer technique on the nanometer length scale utilizing an
electrohydrodynamic film instability induced by a laterally modulated electric field. It is known that the fidelity of pattern
replication based on EHL is mainly determined by the ratio between an intrinsic wavelength and a periodicity of the pattern.
However, theoretical investigation on the governing factors for a proper pattern replication is still needed to better understand
the underlying physics and to refine experimental conditions. In this study, we attempted to construct a diagram revealing a
subtle influence between the governing factors through a computer simulation based on a finite element method by investigating
the dependence of the amplitude of waves upon the ratio between intrinsic wavelength and the periodicity of pattern. We
identified a boundary demarcating between a proper pattern replication region and an improper replication region. These
theoretical results are in great agreement with our experimental results and provide us with a technical guide for a proper pattern
replication of various functional materials.
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P2-E036

Photocurrent in graphene photodevices on hexagonal boron nitride

CHOI Sun Keun, KIM Minjung, YOON Ho Ang1, LEE Sang Wook1, CHEONG Hyeonsik
Department of Physics, Sogang University. 1Division of Quantum Phases and Devices.
Graphene has generated enormous interest due to its high carrier mobility and zero bandgap which opened possibilities to
create innovative next generation devices [1]. Recently, heterostructure devices of graphene with other 2D crystals such as hBN, MoS2 and WS2, have attracted substantial interest owing to possibilities for enhanced device performances [2]. Especially,
graphene supported on h-BN generally has better structural quality and higher carrier mobility compare to that on commonly
used SiO2 substrates [3]. The lack of charged centers in h-BN is considered to be responsible for such improvements. In this
study, we prepared graphene samples on h-BN by the dry transfer method [3] and fabricated metal-graphene-metal
photodevices. We have studied the photocurrent on the excitation energies of 2.33 eV (532.0 nm).

P2-E037*

Raman spectra of few-layer graphene with ABA- and ABC-stacking orders under the
influence of excitation energy
CHEONG Hyeonsik, NGUYEN The An, LEE Jae-Ung, YOON Duhee1
Department of Physics, Sogang University. 1Engineering Department, University of Cambridge.
The distinctive physical properties including high carrier mobilities of mono- and few-layer graphene have attracted a great deal
of interest for applications in semiconductor devices. Since Novoselov and Geim successfully established the mechanical
exfoliation method for producing single and multilayer graphene in 2004, the interest in graphene-based technologies has been
growing. Especially, further studies have showed that the number of layers [1] as well as the stacking order of graphene [2] can
be distinguished by using Raman spectroscopy. Moreover, it has been shown that not only the number of layers and stacking
orders have enormous impact on the peak shape of some Raman modes such as the 2D mode [1] and the M mode [3], but also
the excitation energy has some significant influence. Therefore, the correlation between the Raman spectra of multilayer
graphene and the excitation energy is of interest.
We examined the number of layers and stacking orders of graphene using micro-Raman spectroscopy and atomic force
microscopy (AFM) to understand the variations in the Raman spectrum. Various Raman features of few-layer graphene of
thickness from 1 to 5 layers with different stacking orders were observed. The investigated features include the 2D and G*
bands and combination Raman modes in the range from 1450 to 2000 cm−1. We repeated the measurements using 5 different
excitation sources with energies of 1.96, 2.33, 2.41, 2.54 and 2.81 eV.
[1] Duhee Yoon et al. JKPS 55 (3), 1299~1303 (2009)
[2] Chun Hung Lui et al. Nano Letters 11, 164-169 (2011)
[3] Felix Herziger et al. Physical Review B 85, 235447 (2012)
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Raman and PL spectra of single- and few-layer

CHEONG Hyeonsik, PARK Jaesung, LEE Jae-Ung
Department of Physics, Sogang University.
We measured Raman and photoluminescence (PL) spectra for single- and few-layer MoS2 thin films. We matched the spectra to
the number of layers estimated by atomic force microscopy (AFM) with the thickness of a single-layer of MoS2 (0.7 nm) as a
reference. In the Raman spectra measured with an excitation energy of 2.41 eV, we observed two main peaks from two
vibrational modes : the in-plane (E12g) mode around 383 cm-1 and the out-of-plane (A1g) mode around 405 cm-1. Because the
peak positions, the intensity ratio, and the FWHM depend on the thickness of MoS2 [1], the spectra can be used to identify the
number of layers. In the Raman spectra measured with an excitation energy of 1.96 eV, there are additional peaks from resonant
processes, which also depend on the thickness. In PL measurements, we observed the shift of peak from 1.2 eV to 1.6 eV due to
a direct-indirect band gap transition [2]. [1] Changgu Lee et al, ACS nano. 4, 2695(2010).[2] Kin Fai Mak et al, Phys. Rev.
Lett. 105, 136805(2010).

P2-E039*

Work function change of multilayer graphene by RF plasma treatment

KWON Dae-Gyeon, KIM Ji-Hoon, HONG Jong-am, MAENG Min-Jae, JEON Ji-Hee, HWANG Joohyun1, MOON Jaehyun1,
LEE Jeong-Ik1, JUNG Dae Yool2, CHOI Hong Kyw2, CHOI Sung-Yool2, PARK Yongsup
Kyung Hee University, Department of Physics and Research Institute for Basic Sciences. 1OLED Research Center, Electronics
and Telecommunications Research Institute. 2Department of Electrical Engineering, Korea Advanced Institute of Science and
Technology.
Graphene is one of the strongest candidates for anode electrode of flexible organic light emitting diodes (f-OLEDs). For highly
efficient f-OLEDs, controlling the electronic structure of graphene at the surface and interface is very important. Here, we
investigated the changes of electronic and chemical properties of CVD graphene, after treated by oxygen and argon plasma,
using uv and x-ray photo emission spectroscopy (UPS & XPS). We observed that the work functions of graphene is increased as
a function of plasma treatment time. We also investigated the chemical states of the species that exists at the CVD graphene
surface. We discuss the relation between the plasma processing parameters and the work function changes as well as the
concomitant chemical changes of the surface species.
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Thermal annealing effects in conjugated Light Emitting Polymers films

SECK Ngor Mbaye, KIM Ajeong, KANG Jinback, AHN Gukil, CARNIS Jerome, CHA Wonsuk, SHIN Taejoo1, KIM Jinwoo2,
KIM Hyunjung
Department of Physics, Sogang University, Seoul 121-742, Korea. 1Pohang Light Source, Pohang Accelerator Laboratory,
Pohang 790-834, Korea. 2National Core Research Center for Extreme Light Applications, Gwangju Institute of Science and
Technology, Gwangju 500-712, Korea.
Spin-coated of low molecular weight conjugated Light Emitting Polymers (LEP) thin films, in both as-cast and annealed state,
were studied to elucidate the structural changes as a function of the annealing temperature. In this work, we investigated the
thermal annealing effect on the surface and interfaces morphology of single, and multilayer of low molecular weight conjugated
LEP thin film, Si/F8BT and Si/PEDOT: PSS/F8BT by X-ray reflectivity and transverse diffuse scattering. Multilayered thin
film structures are artificial materials fabricated to achieve or modify some specific physical properties. The basic structural unit
typically consists of two layers of different materials with certain thicknesses. The effects of the thermal annealing on the
surface morphology and crystallization of these thin films have been studied using atomic force microscopy (AFM) and grazing
incidence wide angle x-ray scattering (GIWAXS) measurement respectively. IWAXS data clearly show different degrees of
crystallinity where as those from AFM showing changes in the surface morphology of F8BT. Results of X-ray reflectivity are
consistent with those from AFM.
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, CELA-NCRC), Sogang University Research Grant of 2012.
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We have investigated electronic properties of a hybrid system of a graphene in contact with a Bi2Te2Se(BTS) topological
insulator (TI) by using angle-resolved photoemission spectroscopy. We have grown BTS thin films epitaxially on the CVD
graphene/SiO2. We then prepared a graphene/BTS sample in vacuum by separating the TI with CVD graphene from the SiO2
substrate. The band image from our ARPES data from this sample shows the surface band of TI. We further observe the
presence of another linear band both at Γ as well as K point of surface Brillouin zone (SBZ). Since the lattice of BTS happens to
be nearly matched with that of graphene, we attribute this additional linear band at zone center to the zone-folding effect of the
graphene band by the lattice symmetry of BTS. Considering the r3xr3 symmetry between Graphene and BTS, the linear band at
Γ may be the folded one of the band at K. However, find the graphene sheet weakly interacting with the surface state of BTS by
observing that only the graphene band is n-doped upon adsorbing Cs on top surface. We thus provide a practical way to modify
the graphene band via a hybrid system with topological insulators.
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Spin Transport In Lateral Organic Spin Valves Fabricated By Tilted Deposition Method

YOO Jung-Woo, JO Junhyeon, JIN Mi-Jin, PARK jungmin, MODEPALLI Vijayakumar
,
.
Recently, organic materials have been widely studied for the spintronic applications to extend current flexible electronic
applications. A layered structures of ferromagnet/organic semiconductor/ferromagnet have been widely studied for the spin
transport through the organic thin films. However, a lateral spin valve geometry can allow further investigations for the spin
transport in the organic layer and the dependence of spin transport on gate bias. But there is a difficulty in the fabrication of the
lateral organic spin valve devices, because the channel length should be less than a hundred nanometer with minimal surface
contaminations. Here, we report that the device fabrication process and further measurements of the spin transport in the lateral
organic spin valve. Our device consists of cobalt and iron as ferromagnetic electrodes with different coercivities, which were
fabricated by using a tilted deposition method instead of e-beam lithography. P3HT (poly-3-hexylthiophene) dissolved in
acetnitrile was employed as the spin transporting channel. This method enables us to get sub-hundred nanometer gap with long
channel width (~100μm) without massive surface contaminations due to the lithography process. We will discuss device
characteristics
together
with
MR
ratio
depending
on
gate
bias
in
detail.
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)
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Lifetime and efficiency enhancement in organic solar cell prepared by electrospray
deposition technique

LEE Younjoo, JUNG Kwanwook, YOUN Yungsik, YI Yeonjin
,
.
Organic solar cells have attracted strong interests as an important source of renewable energy because of its inexpensive
fabrication, portability and flexibility. Many research groups have studied to enhance the power conversion efficiency (PCE) of
organic photovoltaic devices (OPVs). Electrospray deposition (ESD) technique is a potential fabrication method as an
alternative to the conventional spin-coating. It makes it possible to fabricate polymer thin films directly into a high-vacuum
system without residual solvent issues. In addition, film properties including morphology could be controlled by choosing
adequate ESD parameters. Consequently, the device efficiency and lifetime would be enhanced.The advantages of ESD was
confirmed with comparative studies of OPVs fabricated with ESD and spin-coating techniques. The performances of bulk
heterojunction OPVs with poly(3-Hexylthiophene) (P3HT) and 6,6-phenyl C61-butyric acid methyl ester (PCBM) were
investigated by exposing the AM 1.5 illumination. The morphologies of P3HT:PCBM films were measured using scanning
electron microscope, transmission electron microscope and optical microscope. In order to understand the long lifetime and
efficiency enhancement with ESD technique, charge transport, ultraviolet-visible spectroscopy and impedance spectroscopy
measurements were carried out.

P2-E047
Cells

Investigation of Electrical Properties of Fullerene/Bathocuproine in Small Molecule Solar

LEE Jeihyun, KIM Hyein, JEONG Kwangho, YI Yeonjin
Institute of Physics and Applied Physics, Yonsei University.
Electrical properties of ITO/fullerene/bathocuproine/Al and ITO/fullerene/Al in small molecule solar cells were investigated.
Bathocuproine has been known as an exciton blocking and electron transport material in organic solar cell. When it is inserted
between fullerene and Al, electron injection and transport is highly improved. Current density-voltage characteristics of
ITO/fullerene/Al device show temperature dependent tendency. ITO/fullerene/bathocuproine/Al device, however, shows less
temperature dependency which indicates change of injection and transport mechanism by insertion of bathocuproine.
Futhermorer, capacitance-voltage measurement reveals bathocuproine forms band bending at the interfaces
fullerene/bathocuproine/Al. This band bending would affect device characteristic to organic solar cells.
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Observation of Trapped Charge in Organic Devices by Nonlinear Optical Polarization
1,

,

1,

. 1
.
To clarify organic device physics, we discuss the Maxwell-Wagner (MW) effect model analysis on organic devices, and timeresolved optical second harmonic generation measurement that is available for directly probing carrier motion in organic
semiconductor devices. We show that organic double-layer device operation and trapping condition are analyzed well, and the
mechanism of these organic devices operation is clarified. The MW model well accounts for the interfacial dielectric
polarization phenomena. Finally, we conclude that our dielectric physics approach in analysis and experiment is useful to study
carrier mechanism of organic devices.

P2-E049

Effects of Organic Materials Used in the Synthesis Procedures on the Emission of CdSe

Quantum Dots
,

1,

1,

1

. 1
.
Quantum dot nanocrystals have particular optical properties because of the quantum confinement effect and surface effect. This
study focuses on the effects of the surface effect on the emission of quantum dots. The quantum dots prepared with 1hexadecylamine in the synthesis procedures show a strong emission while the quantum dots prepared without 1-hexadecylamine
show the emission from the surface energy traps. The comparison of X-ray diffraction patterns of these two sets of quantum
dots reveals that 1-hexadecylamine constructs a layer on the surface of the quantum dot during the synthesis procedures. This
surface passivation with a layer of 1-hexadecylamine reduces the surface energy traps, and therefore, the emission from surface
trap levels is suppressed.
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Axially Doped p-and n-type on a Single Si Nanowire for High Performance Diodes and
CMOS Inverter Device Applications

NGOC Huynh Van, LEE Jae Hyun1, HWANG Dongmok1, KANG Dae Joon2
Department of Physics, Institute of Basic Sciences, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Korea. 1School of Advanced Materials Science and Engineering, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan
University, Korea. 2Department of Physics, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology,
Sungkyunkwan University, Korea.
Complementary logic devices involving both p- and n-type FETs (CMOS) are used almost exclusively for digital circuits
because of their simplicity, noise immunity and low static power consumption. Specially, One-dimensional (1-D) nanostructures
such as nanowires (NWs), nanotubes, and nanocables as a conducting channel field-effect-transistors (FETs) have attracted a
great deal of attention over the past two decades due to their unique physical properties and technical advantages to overcome
physical limitations encountered by traditional lithography-based thin-film transistors (TFTs) device when scaling-down.
Herein, we fabricated axially doped p-and n-type on a single Si NWs. The Diode and CMOS inverter devices using single axial
p-and n-channel Si NW FETs were successfully fabricated. We showed that the threshold voltage of both p- and n-channel Si
NW FETs can be lowered to close to zero by effectively controlling doping concentrations. Our CMOS inverter devices showed
the low threshold voltages and low operating voltage (<3 V) while maintaining high voltage gain (>10) and ultra-low static
power dissipation (≤0.3 pW). This result offers a viable way to fabricate a high performance high-density digital circuit using a
low temperature fabrication processing technique, which makes it suitable for flexible electronics.

P2-E051

Enhanced Photocatalytic Property via Coating Te Superthin Layer on ZnO Nanoflakes

YAN Changzeng, NGOC huynh Van, TRANG Thi hong, KANG Dae Joon
BK21 Physics Research Division, Institute of Basic Science, SKKU Advanced Institute of Nanotechnology, Sungkyunkwan
University.
Significant improvement on photocatalytic property of n-type ZnO nanoflakes (NFs) has been achieved by a coating of
ultrathin p-type tellurium (Te) layer. Chemical bath deposition (CBD) method was used to coat Te on ZnO NFs synthesized by
facile hydrothermal method. The resulting composite was characterized by field-emission scanning electron microscopy (FESEM), energy dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD) and transmission electron microscopy (TEM).
The ZnO-Te composite structure showed four-fold enhanced catalytic activity to decompose toluidine blue O (TBO) dye under
UV irradiation. Photoexcited electron-hole separation efficiency was greatly increased through inner electric field induced by pn junction. The proposed mechanism based on synergetic effect via high reflectance ZnO was discussed in detail.
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Reduction-oxidation reaction mechanism of Pt-TiSi and Pt-ZrSi catalysts at high
temperature using in-situ XAFS

JEONG Eun-Suk, KIM Mi-Young1, CHOI Jae-Soon1, PARK Chang-In, HAN Sang-Wook
Institute of Fusion Sciences, Institute of Science Education and Division of Science Education, Chonbuk National
University. 1Oak Ridge National Laboratory, Fuels, Engines and Emissions Research Center.
The Pt catalysts supported on metallic oxides, including Titanium, Zirconium incorporated with silica supports are prepared. In
order to understand the temperature-dependent oxidation and reduction of the the Pt catalysts, we employed temperaturedependent in-situ XAFS at the Pt L3 edge, Ti K edge and Zr K edge. The XAFS data were taken at temperature of 300K~700K
in He, H2/He and O2/He gas. The XAFS shows that the Pt NPs on Si has a large size and the sturcture such as those of Pt foil.
They are made larger by H2 at high temperature. Whereas, Pt NPs on Ti and Zr supporters are well dispersed on the supporters
with the size less than 1nm. As synthesized, they have oxygen atoms inside and on them and the inner most of oxygen atoms are
dissociated by H2 gas at high temperature. And then the structure around plantinum atom of Pt NP for oxygen atoms to be
removed is consisted of Pt atoms like Pt foil. Although O2 gas was injected, its structure is not altered, which means that oxygen
atoms adsorb on the surface of Pt NP. The XAFS well shows the reversible process, that oxygen atoms on them are adsorbed by
O2 gas and dissociated by H2 gas. We don't find the special alternations of the physicochemical properties around a probe Ti and
Zr atoms after H2 gas and heat treatment. We will discuss the physicochemical properties of the Pt catalysts in the reductionoxidation process to depend on the temperature in detail.

P2-E053

Photocatalytic Activity of TiO2 Nanotube (TNT) Array Prepared by E-beam Evaporation

of Ti Thin films.

KIM Hong Ki, KIM Soon Wook, YOON Young Min, KHOA Nguyen
Tri, THUAN Doan van, YOO Dea-Hwang, HAHN Sung Hong
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Efficient visible-light induced photocatalysis on nanoporous nitrogen-doped titanium dioxide

catalysts

LEE Hyun Uk, SON Byoungchul, SEO Jung Hye, LEE Jouhahn
Korea Basic Science Institute.
To use visible-light more efficiently in photocatalytic reactions, nanoporous nitrogen-doped titanium dioxide (N-TiO2) was
synthesized at room temperature, without thermal treatment, using modified sol–gel processing and ultrasound irradiation. In
addition, the N-TiO2 was irradiated with visible-light to improve the hydrophilicity of its surface. The calculated surface energy

of visible-light irradiated N-TiO2 (*N-TiO2) was 69.1% higher than the value of 91.47 mJ m-2 obtained for N-TiO2. Under
visible-light irradiation, the photocatalytic activity for *N-TiO2 ([k] = 4.258 h-1) was 22.8 times higher than that for N-TiO2 ([k]

= 1.871 h-1). The *N-TiO2 photocatalyst was highly recyclable, with a decolorization rate at 92.9% of the initial value after 15
cycles. Interestingly, the *N-TiO2 photocatalysts showed very strong antimicrobial properties against both Gram-negative
Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus), compared to the results for 5 nm anatase TiO2
and TiO2 photocatalysts after visible-light exposure for 3 h. More than ~90.2% of E. coli were killed, even after ten cycles of
use for the *N-TiO2 photocatalyst. There were large increases in the photocatalytic and antibacterial activities of *N-TiO2
relative to those of N-TiO2; these were the result of the improved surface hydrophilicity of N-TiO2 by visible-light irradiation.
The results presented here contribute significantly toward the development of delicate composite photocatalysts for
photocatalytic water/air purification and bactericidal agents.

P2-E055

Ultrafast Dynamics Study of Change in Charge Transfer Rate in Organic Molecules Nearby
a Hyper-metamaterial
LEE Kwang Jin, KIM Eunsun, CHOI Eunyoung, GWON Minji, WOO Jaeheun, MAZUR Leszek1, XIAO Y.1, MATHEVET
F.1, ATTIAS A.-J.1, RIBIERRE J.-C.2, KIM Dong Wook3, KIM Han-Ki4, KIM Kihong5, WU J. W.3
Department of Physics and CNRS-Ewha International Research Center, Ewha Womans University, Seoul, Korea. 1Lab. of
Polymer Chemistry, University Pierre et Marie Curie, Paris, France. 24Center for Organic Photonics and Electronics
Research, Kyushu University, Fukuoka, Japan. 3Department of Physics and CNRS-Ewha International Research
Center,. 4Dept. Advanced Materials Engineering for Information & Electronics,. 5Division of Energy Systems Research, Ajou
University, Suwon, Korea.
Metamaterials are artificially structured materials where optical properties not readily available in nature can be observed in
subwavelength structures. In the example of hyper-metamaterial the dielectric constants along two principal axes have opposite
sign allowing for indefinite momentum vectors in the iso-frequency contour. Large number of photonic density of states in a
hyper-metamaterial significantly modifies the behavior of photons in the vicinity of the hyper-metamaterial. When an organic
molecule is located nearby a hyper-metamaterial, the spontaneous emission rate related to the vacuum fluctuation will be
significantly altered, which subsequently affects temporal behavior of optical responses of the organic molecule such as
amplified spontaneous emission rate and Foerster energy transfer rate. We adopt a femtosecond ultrafast transient absorption
measurement to study a change in charge transfer rate in organic molecules containing perylene molecular structure when
located near a transverse negative hyper-metamaterial.

42

P2-E056*
,

Multiband metamaterial absorber based on maze structure
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Recently, artificially-engineered materials, the so-called metamaterials (MMs), possessing electrodynamic properties and
effects, which cannot be observed in nature, such as negative refractive index, inverse Doppler effect, superlensing and
electromagnetic-wave cloaking, have attained great interests in photonic researches. Among the MMs, perfect-absorption MMs,
which are useful to enhance the efficiency in capturing solar energy, and applied to plasmonic sensors and bolometers, and
wireless power transfer, have been rapidly developed. To date, the research on metamaterial absorbers (MMAs) with multiband
absorption has been greatly advanced. The development of the multiband MMAs is not easy, because the unit-cell size is too
small to contain many resonators. Therefore, MMs with complex structure have been the subject of a number of researches. In
this study, we propose a maze structure to overcome those limitations and disadvantages. We numerically investigated MMAs
with patterned-metal/dielectric/continuous-metal trilayer. The results show that, controlling the width, the inner radius and the
gap, we are able to realize multiple-band MMAs.

P2-E057

Effects of material quality and geometrical dimensions on metamaterial absorber
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3,
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A great deal of efforts has been made on demonstration of the physical mechanism of near-unity metamaterial absorbers, since
it was proposed by Landy et al. [1]. Generally, metamaterial absorbers are composed of three layers which include patterned
metal layer, dielectric layer and continuous metal layer. At the early stage of the research, the absorption was considered as the
result of multi-reflection between the two metal layers [2]. However, recently not only multi-reflection but also coupling
between two metal layers has been found as the reason for absorption [3]. Differently from the previous works which
investigated only effects of the geometrical dimensions of patterned metal layer, in this study, the material quality was also
investigated numerically. Three kinds of metamaterial absorbers have been studied, which include strip shape, ring shape and
split-ring-resonator (SRR) shape. By comparing first two kinds of metamaterial absorbers, we find that addition of the metallic
area and increase of the thickness of dielectric layer can induce high absorption with low conductivity of metal layer. SRRshape metamaterial absorber can present two absorption peaks. The simulation results demonstrate that compared with the first
peak the second peak is more sensitive to change in the thickness of dielectric layer. [1] N. I. Landy, S. Sajuyigbe, J. J. Mock,
D. R. Smith, and W. J. Padilla, Phys. Rev. Lett. 100, 207402 (2008).[2] D. Y. Shchegolkov, A. K. Azad, J. F. O. Hara, and E. I.
Simakov, Phys. Rev. B, 82, 205117 (2010).[3] L. Huang, D. R. Chowdhury, S. Ramani, M. T. Reiten, S. N. Luo, A. K. Azad, A.
J. Taylor, and H. T. Chen, Appl. Phys. Lett. 101, 101102 (2012).
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Is the Exclusion of Diffraction Effects Really Essential for Metamaterial?

1,
2
, TUONG P.1,
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In the field of metamaterials (MMs), it is commonly accepted that the unit cell must be much smaller than the wavelength of
incident wave, especially to utilize the effective-mediumapproximation. In this work, we offer a counterargument to this trust.
we report that the diffraction effects cannot be the limiting factor for the performance of MMs and the effects of resonance can
be clearly differentiated from those of diffraction.We studied MM absorbers at gigahertz frequencies by utilizing the thirdharmonic resonance at which the diffraction strongly occurs. The absorber was fabricated with a 2-D array of cut wires. The
measured spectrum clearly contains two peaks with absorptivity better than 93%. The The distribution of surface currents
evidently reveals that the lower peak corresponds to the fundamental resonance and the higher peak to the third-harmonic
resonance. We observed another weak peak just above the higher one, which is proven to be due to the effects of diffraction.
Since the periodic boundary condition (PBC) cannot appropriately handle the diffraction, we used 27x17 unit-cell structure
without PBC in simulation and clearly observe the diffraction effect. In addition, the location of diffraction peak is sensitive to
the angle of incidence. Therefore, the diffraction peak can be differentiated from the resonance peak.

,

P2-E059*

Gate Bias Dependence of Photocurrent in Tri-layer Graphene with ABA- and ABC-stacking

KIM Minjung, CHOI Seon-Myeong1, YOON Ho Ang2, CHOI Sun Keun, KIM Jung Cheol, LEE Sang Wook2, SON YoungWoo1, CHEONG Hyeonsik
Sogang University, Department of Physics. 1Korean Institute for Advanced Study, School of Computational Sciences. 2Konkuk
University, Division of Quantum Phases and Devices, School of Physics.
Tri-layer graphene has two stacking orders, ABA (Bernal) and ABC (Rhombohedral) stacking, which have different electronic
band structures. Tri-layer graphene with both ABA and ABC stacking are discovered among mechanically exfoliated tri-layer
graphene samples. Raman spectra of the ABA- and ABC stacked tri-layer graphene have been studied [1, 2], but the
photocurrent in the tri-layer graphene has not yet been investigated. We observed that photocurrent is generated in a junction
between ABA- and ABC-stacked tri-layer graphene. The photocurrent and the Raman spectra of the tri-layer graphene were
simultaneously measured to identify the exact position of the photocurrent and the ABA/ABC junction. We studied back-gate
bias dependence of the photocurrent in the ABA/ABC junction in tri-layer graphene in order to investigate the mechanism of the
photocurrent in the junction. In addition, we measured the photocurrent at a junction between single- and bi-layer graphene for
comparison.
[1] C. Cong, T. Yu, K. Sato, J. Shang, R. Saito, G. F. Dresselhaus, and M. S. Dresselhaus, ACS Nano, 5, 11 (2011).
[2] C. H. Lui, Z. Li, Z. Chen, P. V. Kilmov, L. E. Brus, and T. F. Heinz, Nano lett., 11, 164 (2011).
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Characterization of 2D materials using wide-filed Raman spectrosocpy

CHEONG Hyeonsik, LEE Jae-Ung
Department of Physics, Sogang university.
We report the wide-field Raman spectroscopy to investigate 2D materials. Raman spectroscopy has been widely used to
characterize 2D materials, such as graphene, hBN, and MoS2. Each material has its own Raman active modes, which are
affected by the number of layers, and other external effects (strain, doping, temperature, etc.). In contrast to conventional
confocal Raman systems, the wide-field Raman system has advantages for fast and large area investigation. A shaped laser
beam with the size of few hundred microns was shone onto a sample and only a specific wavelength is transmitted through a
band pass filter and imaged onto EMCCD. We exfoliated graphene, hBN, and MoS2 on SiO2/Si substrates. The optical contrast
images of these materials are difficult to distinguish. However, in the wide-field Raman system, by changing the band pass
wavelength, we can distinguish the samples within a few seconds. This shows that the wide-field Raman system provides a
useful platform to characterize 2D materials.

P3-E061*

The perpendicular magnetic anisotropy of CoFeB using amorphous buffer layer

RHIE Kungwon, KIM Dong Seok, JUNG Ku yeol, JANG Young jae,
KIM Ji min, LEE Byung Chan1, JOO Sung Jung2, HONG JinKi
Korea University. 1Inha University. 2KRISS.
We report the perpendicular magnetic anisotropy of CoFeB based with
MgO using amorphous buffer layer. The structures are SiO2/ FeZr(2)/
CoFeB(tCoFeB:0.5-2) / MgO(2)/ Ta(2) (in nm) and annealing for various
conditions in high vacuum chamber. Figure 1 shows perpendicular Hall
effect of CoFeB after annealing and coercivity field of one is about
20Oe. In summary, We obtain a high anisotropic constant K. This method
can be an excellent candidate for P-MTJ with low critical current density.
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Reinforced ferromagnetic properties in Dy and Ni co-doped BiFeO3 ceramics
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Multiferroic materials have attracted much attention due to their fascinating fundamental physical properties and technological
applications in magnetic/ferroelectric data-storage systems, quantum electromagnets, spintronics, and sensor devices. Among
single-phase multiferroic materials, BiFeO3 is typical with room-temperature magnetoelectric coupling in view of high
magnetic- and ferroelectric-ordering temperatures. Recently, various attempts have been performed to improve the multiferroic
properties of BiFeO3 through the co-doping at the A and the B sites on the ground of the fact that 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, Bi0.9Dy0.1FeO3, BiFe0.97Ni0.03O3 and Bi0.9Dy0.1Fe0.97Ni0.03O3 bulk compounds were
prepared by solid-state reaction and rapid sintering. High-purity Bi2O3, Dy2O3, Fe2O3 and NiO2 powders with the
4

stoichiometric proportions were mixed, and calcined at 500 oC for 24 h to produce samples. The samples were immediately put
into an oven, which was heated up to 800 oC and sintered in air for 1 h. The crystalline structure of samples was investigated at
room temperature by using a Rigaku Miniflex powder diffractometer. The field-dependent and temperature-dependent
magnetization measurements were performed with a vibrating-sample magnetometer and superconducting quantum interferencedevice.

P3-E063

Concurrent enhancement of magnetic and ferroelectric properties of
Bi0.9Dy0.1Fe0.97Co0.03O3 compound
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Multiferroic material BiFeO3 (BFO) is a typical multiferroic material with a room-temperature magnetoelectric coupling in
4

view of high magnetic- and ferroelectric-ordering temperatures (Neel temperature TN ~ 647 K and Curie temperature TC ~ 1103
K). Rare-earth ion substitution at the Bi site is very interesting, which suppresses volatility of the Bi ion but improves the
ferroelectric properties. At the same time, the Fe-site substitution with magnetic ions is also attracting, since the enhanced
ferromagnetism has been reported.In this study, BFO, Bi0.9Dy0.1FeO3, BiFe0.97Co0.03O3 and Bi0.9Dy0.1Fe0.97Co0.03O3
compounds were prepared by conventional solid-state reaction and wet-mixing method. High-purity Bi2O3, Dy2O3, Fe2O3 and

Co3O4 powders with the stoichiometric proportions were mixed, and calcined at 500 oC for 24 h to produce Bi1o
xDyxFe0.97Co0.03O3. The samples were immediately put into an oven, which was heated up to 800 C 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 magnetic-property measurements were performed with vibrating-sample magnetometer and superconducting quantuminterference device. The electric polarization was measured at room temperature by using a standard ferroelectric tester (RT66B,
Radiant Technologies). Dy and Co co-doping at the Bi and the Fe sites, respectively, induces the enhancement of both magnetic
and ferroelectric properties of BiFeO3.
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Study Of Fe Nano Dot Inserted MTJ In Low Temperature

JANG Young-jae, KIM Dongseok, WU Te-ho1, LIN Chia-hao1, LEE
Byungchan2, RHIE Kungwon
Korea University, Department of Display and Semiconductor
Physics. 1National Yunlin University of Science and Technology, Taiwan
SPIN Research Center. 2Inha University, Department of Physics.
We report the Fe nano dot inserted MTJ using Fe deposition between
MgO double layer. Samples are deposited on conductive-Si substrate by
RF magnetron sputtering machine at room temperature. The structures are
Si/MgO(1)/Fe(x)/MgO(1), Si/CoFeB(2.4)/MgO(1)/ Fe(x)/MgO(1)/CoFeB
(3)/Ta(5) (in nm) and annealing for various temperature in high vacuum
chamber without external magnetic field. Figure 1 shows Resistivity
change of Fe nano dot for various Fe thickness. Open circle is annealed at
250°C and closed circle is room temperature sample. We observed the
change of resistance in MgO/Fe/MgO/ structure and resistance is
dramatically increase when Fe nano dot thickness is lower than 0.5nm

P3-E065*

Analysis of Fe3O4 thin films thermal conductivity through callaway theoretical model

LEE Won-Yong, PARK No-Won, KIM Jin-A1, YOON Soon-Gil1, LEE
Sang-Kwon
Deparrtment of Physics, Chung-Ang University, Seoul, 156-756,
Korea.. 1Department of Materials Engineering, Chungnam National
University, Daeduk Science Town, Daejeon 305-764, Republic of Korea.
Over the past few years, two-dimensional (2D) nanostructures such as a
thin film have received substantial attention because they indicate novel
physical properties and have excellent potential for applications in
various devices. Especially in the field of thermoelectric, these thin films
have low thermal conductivity values by means of phonon scattering and
size effect. In this study, Fe3O4 thin films thermal conductivity measured
by 3-ω method. Film thickness 100 nm, 300 nm, and 400 nm on SiO2
Substrate dependence of temperature range of 20 K – 300 K. The result
predicts theoretically the thermal conductivity versus temperature
dependence of Fe3O4 thin films using callaway model. Figure 1 Fe3O4
experimental thin film thermal conductivities and theoretical results using Callaway model.
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Investigate a Mobility of Exfoliated Graphene on Strong Magnetic Field by Temperature

JEON Hyojin, JUN Dongsuk1, CHOI Wonchul2, KIM Soojung, JANG
Moongyu
UST-Department of Advanced Device Technology, ETRI-Novel Materials
& Devices Research Center. 1ETRI, Novel Materials & Devices
Research Center. 2ETRI-Novel Materials & Devices Research Center,
KAIST-Department of Electrical Engineering.
Graphene, one-atom-thick 2D single layer of graphite, is a promising
material for the next generation electronic devices due to its amazing
electrical properties. Graphene’s massless fermion moves like photon, so
graphene carrier mobility is about 200,000cm2/Vs at electron densities of
~2*1011cm-2. However, its tremendous characteristics had been almost
discovered by theoretical calculation rather than by experiments. To apply
graphene to devices, we need to confirm the electrical characteristics of
graphene comparing with reported values. In this work, we treated
exfoliated graphene to get ideal electrical properties rather than grown
graphene by CVD or reduced graphene oxide. In addition, we experiment
Hall measurement with strong magnetic field from extremely low
temperature to room temperature. The major focus of our work is the
evaluation of an electron mobility and a mean free path by calculating
from Shubnikov-de Haas oscillation. We fabricated the graphene Hall
measurement devices with e-beam lithography. The extracted carrier
density and mobility characteristics will be discussed.

P3-E067

First-principles study of native-defect induced magnetism in ZnO

,
.
We have investigated the magnetic properties of native points defects in ZnO through first-principles total energy calculations.
The ferromagnetic interactions stable at room temperature are effective within the third nearest-neighbor distance of neutral Zn
vacancies in the a-axis direction, whereas double- and super-exchange interactions are only effective at the nearest-neighbor
distance. No noticeable magnetic interactions are found for other native point defects. The minimum concentration of Zn
vacancy for room-temperature ferromagnetism is estimated using the hard-spheroid approximation.
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A First-principles Study of Iron-Pnictide Compounds Using LSDA with Negative U

,
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The magnetic moments per Fe atom in high Tc iron-based superconducting compounds, BaFe2As2 and LaFeAsO,
are much larger in first-principles calculation than the values measured by neutron scattering. The calculated values
obtained by using the local-spin-density approximation (LSDA) with negative U, - 0.085 Ry and - 0.095 Ry for
BaFe2As2 and LaFeAsO, respectively, are in excellent agreement with the experimental ones. The electronic
structures calculated by using LSDA with negative U demonstrate that 3d orbitals are dominant near the Fermi level.
The orbital characters of the Fermi surface of BaFe2As2 and LaFeAsO are edominated by the Fe dyz and dz2 orbitals
in the LSDA calculation, while it is dominated by both the Fe dyz and dxy orbitals, and the Fe dxz orbital,
respectively, in the LSDA + U calculation with negative U. The negative U, more exactly Ueff = U – J, implies that
there is effectively an attractive force among d-electrons of Fe, which is very odd. There are, however, the material
systems, especially superconductors, with a negative effective U are not rare. The physical origin of the negative U
will be discussed.

P3-E069
sound wave

Quantum dynamics of a tunneling spin coupled to a torsional resonator in the presence of

KIM GWANG-HEE
SEJONG UNIV, Dept. of Physics.
We study the Landau-Zener spin dynamics of a single-molecule-magnet (SMM) coupled to a nanoresonator in the presence of
sound wave. For strong spin-phonon coupling, when the oscillator frequency is large compared ot the tunnel splitting, the
system displays multiple Landau-Zener transitions containing quantum beat structure. Also, the probability that the spin stays in
the initial spin state is shown to be greatly enhanced or suppressed by sound.
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Study On Temperature Dependent Transport In Graphene Transistor

YOO Jung-Woo, MODEPALLI Vijayakumar, JIN Mi-Jin, PARK Jungmin, JO Junhyeon
.
Graphene is an excellent 2D electronic material due to its high mobility, predicted to have an important role in post-silicon
electronics. Here we studied the temperature dependent shift of charge neutrality point relative to the carrier density in graphene
transistor fabricated using standard photolithography process. Generally the shift of charge neutrality point in graphene involves
with doping such as molecular adsorption/ desorption or chemical/physical doping. Our device displays the substantial shift of
charge neutrality point with varying temperature. Together with shift of charge neutrality point, we also investigate the
temperature dependent transport, which largely depends on SiO2 substrate. The effect of SiO2 substrate on the transport
mechanism in graphene was further studied by the insertion of buffer layer. 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)

P3-E071*

Coupling Of Charge And Spin Current In Graphene

YOO Jung-Woo, PARK Jungmin, JIN Mi-Jin, MODEPALLI Vijayakumar, JO Jun-Hyeon
Ulsan National Institute of Science and Technology (UNIST),School of Mechanical and Advanced Materials Engineering..

Spintronic applications of graphene have received growing attention in recent years because graphene is expected
to have long spin relaxation time and length in addition to its excellent electrical properties. The research in
spintronics mainly involves the creation, manipulation, and detection of spin currents in addition to charge current to
extend the capability of current electronic devices. Particularly, the manipulation of spin current has been under
intense research, which can be achieved in various device configurations. The spin current is typically obtained by
injecting electrons from the ferromagnetic electrodes but can be also induced by the spin Hall Effect without using
ferromagnetic material. In the spin Hall Effect, the charge current generates spin current due to a relativistic spinorbit coupling, which can be adapted to electrically generate or detect spin current in non-magnetic systems.
Generation of spin current in graphene via spin Hall Effect requires either chemical or physical doping in order to
enhance spin-orbit coupling in graphene. In this study, we fabricated graphene hall bar device with width w = 800
nm and length L = 2, 3, 4 µm by using E-beam lithography and investigated non-local resistance signal with pure
graphene and graphene doped with heavy atoms by physical deposition. 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).
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P3-E073*

Thermally Induced Charge & Spin Tunneling Into Graphene

YOO Jung-Woo, JIN Mi-Jin, JO Junhyeon, MODEPALLI Vijayakumar, PARK Jungmin
,
.
Generation of charge and spin current by thermo-power can be one of the key factor in applications of future spintronic and
nanoscale devices. And graphene has been considered as an ultimate material in electronic device applications due to its
remarkable electrical properties. Therefore, the control of charge and spin current using heat in graphene will significantly
extend its future 'green' electronic applications.In this study, we developed simple heat induced selective spin and charge
tunneling graphene devices by using three or four terminal configurations. Cleaned SiO2/Si wafers were used as the substrates.
Monolayers or bilayers of graphene were obtained by mechanical exfoliation. Then the electrodes (one is with tunnel barrier)
were fabricated in step by using standard lithography technique and e-beam deposition. The ferromagnetic electrode together
with thin tunnel barrier (1-3nm of Al2O3 layer) was employed to introduce thermally induced spin imbalance in graphene. The
induced spin current were analysed by the other two electrodes. The study on spin diffusion, transport, and precession through
the graphene channel will be discussed in detail. 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)

51

P3-E074*
,

X,

,

1,

. 1( )

,

.

.
.
.
CLASS 100
.

.

X

OPERA-3D

.

X

.
,

P3-E075*

X
,

,
.

Thermopower and electrical resistivity measurement setup in 77~600 K

CHO Sunglae, QUANG Nguyen Van, DUONG Anh Tuan, SHIN Yooleemi
University of Ulsan, Physics.
Electrical resistivity and thermopower (Seebeck coefficient) are two fundamental physical properties for studying various
materials including semiconductor, superconductor, and metal. These measurements have complex requirements such as
reliability, accuracy and reasonable speed. To measure the thermopower, we used the differential method, in which a small
temperature difference is maintained across the sample to produce the thermoelectric voltage: DV=SÑT+b(ÑT)2+¼, where b is
a constant. In this experiment, the temperature difference was restricted to the range of 0.1-1 °C, in order to assure that terms
higher than second-order in ÑT may be ignored. To eliminate the spurious thermal voltage within the circuit, we measured the
thermoelectric voltage (in the steady state) for small incremental changes in the temperature differences. The thermoelectric
voltage (DV)i vs. temperature difference values (ÑT)i were plotted and from the slope of the linear region, we could determine
the thermopower. To measure the temperature difference across the sample, we used a differential Cu-constantan thermocouple.
The thermoelectric voltage was measured by using thin copper leads and was later corrected for the thermopower of the leads to
obtain the final results. For resistivity measurement, four probe method is used. Measurements are automatically controlled
using personal computer with convenient programs. Detail in the measurement system will be discussed.
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P3-E077*
Barrier Diodes

Comparison of electrical characteristics for different cap layer on AlGaN/GaN Schottky

KIM Minjun, KIM Yoonhyung, PARK Jinsub
Hanyang University, Dept. Electronics and Computer Engineering.
To achieve the reduction of reverse leakage current in AlGaN/GaN schottky barrier diodes (SBDs), many efforts have been
conducted using the various capping layers and post surface treatments, and the adoptable and promising results are reported..
Recently, Waltereit et al. reported that GaN cap thickness in AlGaN/GaN high electron mobility transistor (HEMT) structures
effects on the current leakage characteristics. They claim that GaN capping layer shows the improved direct current reliability
compared to their counterparts without GaN cap. Until now, few researches have been conducted for the systematic analysis of
the different cap layers with various materials on electrical properties of AlGaN/GaN SBDs. In this study, we investigated the
effects of various capping layers such as n-GaN and u-GaN layers formed on AlGaN/GaN SBDs on the performance of
devices. In order to compare the leakage current characteristics in SBDs, the AlGaN/GaN SBDs without any GaN cap layers
are fabricated and the electrical characteristics of fabricated AlGaN/GaN SBDs are analyzed. The current-voltage (I-V)
measurements and the atomic force microscope (AFM) analysis were conducted to observe the electrical characteristics and
dislocation density, respectively. I-V characteristics of AlGaN/GaN SBD with n-GaN cap layer shows the dramatic increase of
reverse leakage currents compared to the u-GaN cap and without cap layered samples. In addition, the calculation of dislocation
density using AFM analysis of surface in different cap layers indicated that the n-GaN cap layer sample has almost 10 times
larger dislocation density than those of u-GaN cap and without cap samples. From the experimental results, we can conclude
that the dislocation density has strong relationship with leakage currents in AlGaN/GaN SBDs. The details for the experimental
and theoretical analysis for the effects of different capping layer on AlGaN/GaN SBDs will be discussed.
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P3-E078

Signal amplification of field-effect transistor sensor for detection of small molecules

,
.
Molecules with low molecular weight (<400 Da) have been conventionally analyzed by using expensive equipments such as
HPLC, GC/MS, ELISA and SPR. However, these methods require skillful technique, expensive analysis cost and long analysis
time while analyses are mostly done in a laboratory. This presentation describes a new technique for the detection of small
molecules using Si field-effect transistor (FET) sensors that are signal-enhanced by gold nanoparticle (NP) charges. It is
possible to analyze concentrations in the range of 0.5 ng/ml~100 ng/ml within one hour. And also multiple mycotoxins are
simultaneously and quantitatively detected. NP charges are quickly induced by a chemical deposition and the indirect
competitive immunogold assay, and strongly enhance the electrical signals of the FET biosensors. It is expected that it would be
appropriate as a portable POCT type disease diagnosis sensor because it has fast analysis time and it is simple to use.

P3-E079
,

,

Black color electrochromic optical shutter
,

,

.
Electrochromic (e-chromic) devices use external light source to display signals. Since it is possible to make a new reflective
display device with low driving voltage, memory effect, large view angle and high contrast ratio in strong outside, many studies
on the applications of e-chromic device on low energy consumption high-reflection display device have globally been ongoing.
Of course, there are many challenges. There are possibilities of construction problem, long term stability problem, low
transparency, slow response time, and possible leak by using liquid. To make a transparent reflective e-chromic optical shutter
device, it is essentially required to achieve large transmittance change, ultrafast response time and black color. In this
presentation, black color is achieved by using multiple organic molecules in the particular wavelength absorption ranges with
high transmittance change and ultrafast response time.
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P3-E081*

Optical and Electrical properties of the M2 dominant VO2 thin film grown in GaN near the
Metal-Insulator transition

YANG Hyoungwoo, KANG Dae Joon
Department of Physics, Institute of Basic Science, Sungkyunkwan University, Korea.
We report on the growth of high-quality M2 dominant VO2 thin films epitaxially on GaN substrates by RF sputtering and their
unique metal-insulator transition (MIT) properties. The electrical and optical properties in VO2 thin films grown on GaN exhibit
metal insulator transition behaviors which are markedly different from those conventional VO2 thin film results reported
elsewhere. Thermally-driven MIT was observed with nearly four orders of magnitude change in resistance values across the
MIT with transition temperatures of 78 °C and 72 °C on heating and cooling, respectively. Voltage-driven hysteretic MIT was
also observed at room temperature at threshold voltage of 1.6 V for ~ 100 nm thickness VO2 films. We further compared the
properties of VO2 thin films grown under identical conditions on c-plane sapphire substrate. The VO2 thin films grown on GaN
substrate showed higher crystallinity and larger resistance change across MIT compared to those grown on c-cut sapphire
substrate. This study may lead to a unique opportunity to better understand the mechanism of electrical and magnetic phase
transition in VO2.
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P3-E082*

Development of Novel Synthetic Routes for Ultra-long and Vertical ZnO Microwires with
Cross-sectional Modulation by Thermal CVD Method

OH Sim Geon, KANG Dae Joon
Department of Physics and Department of Energy Science, Sungkyunkwan University, Korea.
ZnO has attracted a great deal of attention owing to its high electrical conductivity, wide band gap (~ 3.37 eV) and large exciton
binding energy (~ 60 meV). Here, we have developed a novel synthetic route for growing ultralong and vertically alligned ZnO
microwires (MWs) by using thermal chemical vapor deposition method. Controlling the thermodynamic parameters and doping
concentration can induce very fast growth speed for ultralong wires with the desirable diameter and cross-sectional shape. It is
observed that the diameter of the MWs depends on the ramping time and the difference cross-sectional shapes, such as lozenge,
asymmetric hexagonal and symmetric hexagonal shape, can be obtained at different growth temperatures ranging from 930 to
990 °C. The as-grown MWs show the typical diameter of around 3 - 10 μm and length up to 2 cm. The vertical alignment of
ZnO MWs with fast growth speed and different cross-sectional shape is extremely important not only for understanding the
fundamental structure but also integrating these structures into electronics devices such as self-power generators, touchable
sensor and high energy blue laser LEDs.

P4-E083

Temperature Dependance of Electronic Structures in Li3xLa(2/3-x)TiO3 Amorphous Films.

SUNG Nark-Eon, LEE Ik Jae, JUNG Sung-hoon
Beamline Department, Pohang Accelerator Laboratory, POSTECH.
Series of Li3xLa(2/3-x)TiO3 (LLTO) thin films were grown on Si (100) substrates up to 600 ℃ in Ar and O2 atmospheres by a
radio frequency (RF) magnetron sputtering system using LLTO targets. La and Ti ratios of the LLTO thin film were estimated
using synchrotron-radiation x-ray fluorescence (SXRF) technique. X-ray diffraction results show that the as-prepared LLTO
thin films are amorphous. The electronic and local structures were examined using x-ray absorption fine structure (XAFS)
technique at Ti K-edge and La L3-edges. The electronic states of Ti atoms were changed considerably when films were grown
above 300 ℃, and shows effects of O2/(Ar + O2). Slight structural changes around Ti atoms were observed for the films of
grown at 300 ℃ in Ar atmosphere.
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P4-E084

Influence of V2O5 Content on the Structure of V4+ion-environment in BaO-B2O3-V2O5

Glasses

,

,

,
.
Glasses with composition xBaO-B2O3-yV2O5 where x=2.0 and y=1.0~4.3 were prepared by normal melt-quench technique. In
these glasses we observed and analyzed the electron paramagnetic spectra of VO2+ using x-band (υ ≈ 9.42GHz) at room
temperature. The values of spin Hamiltonian parameters SPH, dipolar hyperfine coupling parameters P and Fermi contact
interaction parameters K have been evaluated. From the values of SPHs it is found that the V4+ions in the present glasses exist
as vanadyl ions in octahedral co-ordination with tetragonal symmetry. We discussed the structural variation of V4+ionenvironment with V2O5 content observing the values of SPH, P and K.
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P4-E088

Fabrication and Characteristics Analysis of Piezoelectric Energy Scavenger based on
Piezoelectric Single Crystal for Self-Powered Sensor Node
,

,
.
In this paper, we present the results and analysis of the vibration energy harvesting performances based on PMN-PT
piezoelectric single crystal beam. A novel piezoelectric beam cantilever structure is used to scavenge energy from the
abandoned environmental vibration energy. The piezoelectric energy scavenger having capability of about 3 mW based on
piezoelectric single crystal, which operates at a vibration frequency of 60 Hz, was designed by calculation and simulation by
using the earlier reported works1,2 and commercial finite element method (FEM) software and measured mechanical damping
ratio and electro-mechanical coupling coefficient of the device. The fabricated device, based on a bimorph cantilever structure
with a proof mass, showed that a few tens of AC open voltages and about 2 mW power maximum were achieved at 0.1 grms
vibration. The charging energy characteristics into secondary batter were measured with commercial power control board and
the prototype of the self-powered sensor node was fabricated.

P4-E089

,

Forming-free Resistance Switching in Pt/TaOx/Pt Structures

LIU Chunli, LEE Bowha, JUNG ChangUk
.
Due to its compatibility with the current CMOS process, TaOx is a promising candidate for realizing practical resistive
random-access memory (RRAM). In TaOx thin films deposited using pulsed laser deposition at room temperature, we observed
forming-free resistance switching. In this work, we discuss the mechanism of forming free Pt/TaOx/Pt RRAM devices. The
deposition temperature was found to have a direct effect on the composition of the oxide thin film, which induces different
current-voltage characteristics. TaOx thin films with an appropriate percentage of Ta sub-oxides showed forming-free switching
behavior due to their low resistances in the as-deposited state. Comparing the relationships between the current and resistance
during the RS, we proposed different evolution processes of the conducting filaments in forming-required and forming-free
RRAM devices.
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switch.

Compensation-type fire detector using Metal-Insulator Transition critical-temperature

JUNG Sun-Kyu, KIM Hyun-Tak
ETRI, MIT Creative research Center.
We make a compensation-type fire detector using the metal-insulator-transition critical-temperature (Tc) switch with functions
of sensing temperature and controlling a device. The critical temperature switch has the behavior of a thermistor below Tc and
the sharp critical characteristic at Tc, and the metallic behavior above Tc. The thermistor characteristic, which is resistance
changes exponentially with temperature, is applied to temperature detection for the differential-temperature fire detection
function. The fixed temperature detection function uses the critical behavior. The compensation-type fire detector has functions
of both a differential temperature detection and a fixed temperature detection. Further, it is advantaged with a simple circuit,
high reliability, and low failure rate.
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We developed a polymer actuator with a graphene electrode. Reduced
graphene synthesised by using Hummer's methods from the sub-20
micron graphite powder. Chemical exfoliation offers such advantages as
inexpensive raw materials, the potential for scalability, and compatibility
with additive printing techniques. Graphene electrodes which has sheet
resistancce ~20 ohm/square formed on both sides of the ionic polymer
membranes as electrode by inkjet printing methods [Figure]. The
graphene electrode exhibit higher displacement and hysteretic motion. Through experiments, maximum displacement of the
polymer actuator is measured for a number of samples and the relation between input voltage and the resultant curvature of the
polymer actuator is achieved. We also derive an approximate equation of the relations for fixed sized samples.
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P4-E094
,

Charge Compensation Effects in Dy3+-doped Calcium Silicate Phosphors
,

,

1,

. 1
.
Because of excellent characteristics, calcium silicate is studied extensively as a phosphor material. Rare-earth-doped phosphors
are actively applied as a part of LED. As an application for the white LEDs, we have studied several kinds of phosphor systems.
We are trying to improve the luminescent efficiencies of phosphor ceramics by applying different rare-earth-ions in phosphor
systems. As an example, we have reported the trivalent dysprosium-doped calcium orthosilicate phosphors. In this presentation,
we report the optical properties of Dy3+ in alkali metals-codoped calcium orthosilicate phosphors. We synthesize Ca2-

(M = Li and Na) phosphors based on our previous results for Ca2SiO4:Dy3+ powders. Physical properties such as
crystallization, surface morphology, chemical bonding states of the phosphors are characterized by using X-ray diffractometer,
scanning electron microscope, and X-ray photoelectron spectrometer. Optical properties are measured by taking absorption,
excitation, and emission spectra. Emission bands corresponding to the electric dipole 4F9/2 → 6H15/2, 4F9/2 → 6H13/2, and 4F9/2
→ 6H11/2 transition of Dy3+ are observed with an excitation of 350 nm as in pure Ca2SiO4:Dy3+ phosphors. We have shown that
xMxSiO4:Dy

3+

alkali metals-doped powders show enhanced Dy3+ luminescence due to the charge compensation between ions.

P4-E095

The Luminescence Properties of Eu3+ doped Gd2MoO6

JEONG Jung Hyun, KWON Sook Hyun, MOON Byung Kee, CHOI
Byung Chun
Department of Physics, Pukyung National University.
In the last decades, rare earth doped luminescent materials have caught
much attention owing to their applications in various fields. The rare earth
ions are characterized by a partially filled 4f shell that is shielded by 5s2
and 5p6 orbitals. The emission transitions yield sharp lines in the optical
spectra. Molybdates, such as Y2(MoO4)3, Gd2MoO6 and SrMoO4 are
suitable host for many rare earth ions doping. For the molybdate system
GdxMoyOz, there are many compounds. Among them, the
photoluminescence properties of Eu3+ doped Gd2Mo2O9, Gd2Mo3O12
and Gd2MoO6 phosphors have been investigated as optical materials. It
is well known that concentration quenching often takes place at higher
doping content. In this study, we prepared Eu3+ doped Gd2MoO6
phosphors. Gd2MoO6:Eu phosphor powders were synthesized by using
the sol-gel method, and then the powder was annealed at a gradually
decreased temperature from 900 to 1300 °C. The structures and spectra of
the as-prepared phosphors were characterized by powder X-ray
diffraction and photoluminescence measurements, respectively.
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P4-E096

Synthesis and Photoluminescence Properties of Sm3+-doped Y6WO12 Phosphors

JEONG Jung Hyun, YU Ruijin1, NOH Hyeon Mi, MOON Byung Kee,
BYUNG CHUN Choi, JANG Kiwan1
Department of Physics, Pukyong National University. 1Department of
Physics, Changwon National University.
A series of orange-red emitting Y6WO12:xSm3+ (0.005 ≤ x ≤ 0.15)
phosphors were synthesized by the convenient solid-state reaction. X-ray
diffraction and photoluminescence spectra were utilized to characterize
the structure and luminescence properties of the as-synthesized
phosphors. The results show an efficient energy transfer from WO66−
group to Sm3+ occurs. The emission spectra of the Y6WO12:Sm3+
phosphors consisted of some sharp emission peaks of Sm3+ ions centred
at 571 nm, 610 nm, 625 nm, 675 nm. The strongest one is located at
610 nm due to 4G5/2–6H7/2 transition of Sm3+, generating bright orange–
red light. The optimum dopant concentration of Sm3+ ions in
Y6WO12:Sm3+ is around 5 mol% and the critical transfer distance of
Sm3+ is calculated as 21 Å. The CIE chromaticity coordinates of the
Y6WO12:0.05Sm3+ phosphors was is located in the orange reddish region.
The Y6WO12:Sm3+ phosphors may be potentially used as orange-red
phosphors for white light-emitting diodes.
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High sensitivity DNA sensors based on graphene/cysteamine self-assembled monolayer
,

1

,
. 1
,
.
We have fabricated DNA sensors based on the composites of graphene/cysteamine self-assembled monolayer/ Au electrode.
Hoechst 33258 is used as a DNA hybridization indication, and linear sweep voltammetry is used for detecting electrochemical
responses on adding target DNA. We find that our sensor is more sensitive than the sensors using multi-walled carbon
nanotubes. The limit of detection is found to be of the order of 10-10 M.
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P4-E100

The Geometrical Accuracy Measurement for MRI-Fusion Study with PET in Leksell

GammaPlan

LIM SA HOE, JUNG SHIN, KIM IN YOUNG, JUNG TAE YOUNG, MOON KYUNG SUB, JANG WOO YOUL, PARK
SEUNG JIN1
Chonnam Natioanl University Hwasun Hospital, Neurosurgery. 1Chonnam Natioanl University Hospital, Biomedical
Engineering.
Gamma knife is stereotactic radiosurgery (SRS) system for non-invasive treatment of brain tumors and contains cobalt-60
sources placed in a circular array in a shielded assembly. Due to the blood-brain barrier disruption related to the previous
radiosurgery for metastatic brain tumor, the Gadolinium-enhanced area may not be perfectly matched to the recurred tumor
region in magnetic resonance imaging (MRI). Some additional diagnostic modalities which represent the metabolic status are
required and MRI-fusion processing with positron emission tomography (PET) allows us to define the recurred tumor more
accurately. For the image fusion study, the geometrical accuracy measurements should be preceded. Recently a stereotactic
localization phantom was designed for not only MRI but also PET. In this work, spatial resolution test of PET was carried out
for detailed design of the phantom. The feasibility of image fusion study for gamma knife radiosurgery was discussed as well.

P4-E101

Efficacy Evaluation of Vacuous Pulse and Replete Pulse by using Clip-type Pulsimeter
Equipped with a Magnetic Sensing Hall Device
LEE Nam-Kyu, CHANG Sei-Jin1, YU Jun-Sang2, RHEE Jin-Kyu3, LEE
Sang-Suk
Dept. of Oriental Biomedical Engineering,College of Health Sciences,
Sangji University, Republic of Korea. 1Dept. of Preventive Medicine,
Wonju College of Medicine, Yonsei University, Republic of Korea. 2Dept.
of Sasang Constitutional Medicine, Korean Medical Hospital, Sangji
University, Republic of Korea. 3Division of Bio-Imaging, Chuncheon
Center, Korea Basic Science Institute, Republic of Korea.
A logistic regression equation of the vacuous pulse and the replete pulse
for efficacy evaluation of a clip-type pulsimeter using a magnetic sensing
Hall device was investigated. The investigation was to evaluate the
efficacy of a clip-type pulsimeter equipped with a Hall device for
magnetic field sensing the minute movement of a radial artery. A clinical
trial has been performed. The clinical data of 120 subjects were compared
by a normal statistical method. The ratio of systolic peak amplitude to
time in the pulse waveform is determined as a major efficacy parameter to
discern the vacuous pulse and replete pulse with an estimation equation.
This is deducted by a statistical logistic regression method. This logistic regression equation can be applied to develop novel
algorithm for pulse measurement based on oriental medical diagnosis.
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A high Q resonator using impedance matching technique at microwave frequencies

LEE Hee-Jo
Yonsei University, Institute of Convergence Technology.
We present a high quality (Q) factor resonator using impedance matching technique via dielectric materials, a thin glass and a
polydimethylsiloxan (PDMS), in the microwave region. The proposed split-resonator is completely matched with a 50 ohm
characteristic impedance through these materials. From the resulting matching, it shows the half-wavelength resonance having
an extremely high-Q value (~1074) at 12.15 GHz. In particular, the resonant frequency and Q value of the resonator system
exhibits the highly sensitive characteristic to a small phosphate buffered saline (PBS) volume (~2 ul). For this reason, we find
that our device can become a good candidate as a microwave liquid sensor based on frequency and Q factor.
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A liquid-liquid phase transition (LLPT) in pure elements is a very rare event driven by pressure, e.g., P, Si, C and Ce. LLPTs
discovered so far are limited to either sp-valent or f-valent rare-earth elements, and typically associated with covalently bonded,
open-tetrahedral structures, allowing room to shrink to a high-density liquid under pressure. More important, LLPT in those
elements have a precursor in the phase diagram, i.e. “a V-shape or a maximum in the melting curve” such that the existence of
an LLPT can be expected from thermodynamics. In contrast, an LLPT has never been observed nor expected in transition metal
liquids for two reasons. First, liquid Ti has a highly dense-packed local ordering at ambient pressure. Second, no elemental
transition metal has been reported to show an extremum in the melting curve mentioned above.In this manuscript, we report, for
the first time, an LLPT on ‘Transition Liquid metal’ Ti from ab-initio molecular dynamics calculations. The direct evidence of
the pressure-induced LLPT in liquid Ti is observed from pair correlation functions and density of state. In addition, the LLPT on
liquid Ti with large compressibility compared to liquid Ni provides an answer for the lower melting slope in early transition
metals, which has been a long-standing question.

FG-02

Isostructural phase transition of 1,2,4,5-tetrabromobenzene (C6H2Br4) jumping crystals
studied by Brillouin light scattering

KO Jae-Hyeon, LEE Kwang-Sei1, SAHOO Subash Chandra2, NAUMOV
Pance2
Department of Physics, Hallym University. 1Department of Nano Systems
Engineering, Center for Nano Manufacturing, Inje University. 2New
York University Abu Dhabi.
The isostructural phase transition of 1,2,4,5-tetrabromobenzene
(C6H2Br4, TBB) jumping crystals was studied by Brillouin light
scattering. The temperature dependence of the sound velocity and the
corresponding elastic constants of three acoustic modes propagating along
the [110] direction were measured as a function of temperature covering
the beta–gamma phase transition temperature for the first time. All three elastic constants showed discontinuities at the jumping
transition temperature with a large thermal hysteresis. While the longitudinal and one of the two transverse acoustic modes did
not exhibit any appreciable changes in both the beta and the gamma phase, the lowest transverse acoustic mode showed
substantial softening on approaching the jumping transition from both phases. This clearly showed that the jumping transition of
this molecular crystal is driven by the elastic instability and that large intermolecular anharmonic interaction is associated with
the molecular motions in the (110) plane.

1

FG-03*

Surface Scaling with the Finite-Time and Finite-Size of the Globally-coupled Kuramoto

Model

LEE Mi Jin, YI Su Do, KIM Beom Jun
Department of Physics, Sungkyunkwan University.
We numerically investigate the short-time nonequilibrium temporal relaxation ofthe globally-coupled Kuramoto oscillators,
and applythe finite-time-finite-size scaling (FTFSS) method which containstwo scaling variables in contrast to the
conventionalsingle-variable finite-size scaling.The FTFSS method yields a smooth scaling surface, and the conventional finitesizescaling curves can be viewed as proper cross sections of the surface.The validity of our FTFSS method is confirmed by the
criticalexponents in agreement with previous studies: Quenched disorder givesthe correlation exponent $\bar{\nu}=5/2$ and the
dynamic exponent $\bar z = 2/5$while thermal disorder leads to $\bar{\nu}=2$ and $\bar z = 1/2$, respectively.We also report
our results for the Kuramoto modelin the presence of both quenched and thermal disorder.

FG-04
LEE Julian

Exact Partition Function Zeros of the Wako-Saito-Muñoz-Eaton Protein Model

.
I compute exact partition function zeros(PFZs) of the Wako-Saito-Munoz-Eaton model for various secondary structural
elements and for two proteins, 1BBL and 1I6C, using both analytic and numerical methods. Two-state and barrierless downhill
folding transitions can be distinguished by a gap in the distribution of zeros at the positive real axis. The result is expected to
form basis for further application of the PFZs method to finite heterogeneous systems. (Published in Physical Review Letters
110 (2013) 248101)
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FG-05

Statistical mechanics of the coagulation-diffusion processwith a stochastic reset

DURANG Xavier, HENKEL Malte1, PARK Hyunggyu
KIAS. 1U Nancy.
The eﬀects of a stochastic reset, to its initial configuration, is studied in the exactly solvable one-dimensional coagulationdiffusion process. A finite resetting rate leads to a modified non-equilibrium stationary state. If in addition the input of particles
at a fixed given rate is admitted, a competition between the resetting and the input rates leads to a non-trivial behaviour of the
particle-density in the stationary state. From the exact inter-particle probability distribution, a simple physical picture emerges:
the reset mainly changes the behaviour at larger distance scales, while at smaller length scales, the non-trivial correlation of the
model without a reset dominates.

FG-06

conductivity jump in the avoiding a spanning cluster model

KIM sungmin, CHO young sul, ARAUJO nuno1, KAHNG Byungnam
Seoul National University. 1ETH Zurich.
When bonds are attached randomly in two dimensional square lattices, conductivity between two opposite conductors increases
continuously at the critical pint, following the effective medium theory. Here, we study the conductivity in the percolation
model that is designed to suppress the formation of bridge bonds between two separated clusters. When a bridge bond is
occupied eventually, a spanning cluster is formed, and its occupation fraction is drastically increased. Through this
discontinuous percolation, the conductivity is also increased from nonzero; however, the conductivity jump is not as large as the
jump of the spanning cluster. Using the effective medium theory, we understand the numerical data for the conductivity jump in
the discontinuous percolation transition.
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FG-07*

Ashkin-Teller Model on Scale-free Networks

JANG Siho, HWANG Sungmin, KAHNG Byungnam
Seoul National University.
Recently, multiplex networks have been actively studied in detail, because many real-world networks are networks of networks.
Nevertheless, few spin models, which incorporate interactions between nodes on inter- and intra-network, have been studied yet.
Here, we studied the Ashkin-Teller (AT) model on scale-free (SF) random networks. In the AT model, spins on each site are of
two types, and two spins of each type at the nearest neighbors interact with one coupling strength J2, and four spins of both
types at the nearest neighbors interact with another coupling strength J4. Depending on the ratio x=J4/J2, various phases,
paramagnetic phase, ferromagnetic phase, antiferromagnetic phase, the Baxter phase, and the sigma phase emerge, which was
previously obtained in the mean-field level. We compare the phase diagram in the mean-field solution with that on SF networks,
which we obtain. While the phase transition between paramagnetic phase and the Baxter phase is discontinuous in the meanfield solution, it can be continuous depending on the degree exponent on SF network. We discuss the implication of this
difference on SF networks.

FG-08( )

Stochastic resonance in spin systems

BAEK Seung Ki, PARK Hye Jin1, KIM Beom Jun1
Department of Physics, Pukyong National University. 1Department of
Physics, Sungkyunkwan University.
A magnetic system with a phase transition at temperature Tc may exhibit
double-resonance peaks under a periodic external magnetic field because
the time scale matches the external frequency at two different
temperatures, one above Tc and the other below Tc. We study the doubleresonance phenomena for the mean-field q-state clock model based on the
heat-bath-type master equation. We find double peaks as observed in the
kinetic Ising case (q=2) for all q≥4, but for the three-state clock model
(q=3), the existence of double peaks is possible only above a certain
external frequency since it undergoes a discontinuous phase transition.
Then, we numerically study stochastic resonance in the two-dimensional
q-state clock models from q = 2 to 7 under a weak oscillating magnetic field. As in the mean-field case, we observe double
resonance peaks, but the detailed response strongly depends on the direction of the field modulation for q≥5 where the
quasiliquid phase emerges. We explain this behavior in terms of free energy landscapes on the two-dimensional magnetization
plane. Nonlinear responses are also discussed because they manifest themselves as the external field strength increases.
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FG-09

Discrete-time statistical mechanics

.
A new formulation of statistical mechanics is proposed, based on the discrete time. Time steps of a system play an important
role in chracterizing the system. In this formulation, the energy levels are all discrete even in classical regime, so it is not
necessary to adopt h3N factor in calculating the partition functions of the system. We also discuss identical particles and
coupling of the degrees of freedom.

FG-10

Realistic Thermodynamic and Statistical-Mechanical Measures for Neural Synchronization

LIM Woochang, KIM Sang-Yoon1
Daegu National University of Education, Department of Science Education. 1LABASIS Corporation, Research Division.
Synchronized brain rhythms, associated with diverse cognitive functions, have been observed in electrical recordings of brain
activity. Neural synchronization may be well described by using the population-averaged global potential VG in computational
neuroscience. The time-averaged fluctuation of VG plays the role of a ``thermodynamic'' order parameter O used for describing
the synchrony-asynchrony transition in neural systems. Population spike synchronization may be well visualized in the raster
plot of neural spikes. The degree of neural synchronization seen in the raster plot is well measured in terms of a ``statisticalmechanical'' spike-based measure Ms introduced by considering the occupation and the pacing patterns of spikes. The global
potential VG is also used to give a reference global cycle for the calculation of Ms. Hence, VG becomes an important collective
quantity because it is associated with calculation of both O and Ms. However, it is practically difficult to directly get VG in real
experiments. To overcome this difficulty, instead of VG, we employ the instantaneous population spike rate (IPSR) which can
be obtained in experiments, and develop realistic thermodynamic and statistical-mechanical measures, based on IPSR, to make
practical characterization of the neural synchronization in both computational and experimental neuroscience.

5

FG-11
,

Topological property of networks in the structural classification of proteins
1

,
. 1
.
We investigate topological properties of networks in structural classification of proteins. We model the native-state protein
structure as a network made of its constituent amino-acids and their interactions. We treat four structural classes of proteins
composed predominantly of α helices and β sheets and consider several proteins from each of these classes whose sizes range
from amino acids of the Protein Data Bank. Particularly, we simulate and analyze the network metrics such as the mean degree,
the probability distribution of degree, the clustering coefficient, the characteristic path length, the small-worldness, the local
efficiency, and the cost.

FG-12*
,

,

Impact of Link Overlaps in Multiplex Networks
,

.
Many real-world networks such as physical, social, biological, and technological networks can be represented by multiplex
networks. Link overlaps in different layers are found to be non-negligible. We study the impact of the link overlaps in multiplex
networks using the generating function method. Our results show that the overlap links have important role to make MCGC
(mutually connected giant component).
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FG-13*

2D q-state Clock Models and the Stochastic Resonance

PARK Hye Jin, BAEK Seung Ki1, KIM Beom Jun
Department of Physics, Sungkyunkwan University. 1Department of Physics, Pukyong National University.
We numerically study stochastic resonance in the two-dimensional q-state clock models from q = 2 to 7 under a weak
oscillating magnetic field. As in the mean-field case, we observe double resonance peaks, but the detailed response strongly
depends on the direction of the field modulation for q ≥ 5 where the quasiliquid phase emerges. We explain this behavior in
terms of free energy landscapes on the two-dimensional magnetization plane.

FG-14( )

Nanoscale Self-Assemblies of Biological Molecules: Structures and Interactions of Protein

Nanotubes
Dept. of Bio and Brain Engineering, KAIST.
The research in my group is focused on elucidating structures and interactions of supramolecular assemblies of biological
molecules. Microtubules, hollow 25 nm diameter protein nanotubes, are among the major filamentous elements of the
eukaryotic cytoskeleton and are involved in a range of cellular functions including cell division, the establishment of cell shape
and axonal transport in neurons. This talk deals with our recent findings on interactions between microtubules and their
associated molecules which leads to their distinct structures (related to their specific functions in cells) on the nanometer scale.
Structures are solved by combining reciprocal space and real space data resulting from synchrotron small angle x-ray scattering,
electron microscopy experiments.
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FG-15

Bundling in brushes of directed and semiflexible polymers

BENETATOS Panayotis, TERENTJEV Eugene1, ZIPPELIUS Annette2
Department of Physics, Kyungpook National University. 1Cavendish Laboratory, University of Cambridge. 2Institute for
Theoretical Physics, University of Goettingen.
We explore the effect of an attractive interaction between parallel-aligned polymers which are perpendicularly grafted on a
substrate. Such an attraction could, e.g., be due to reversible cross-links. The alignment of the polymers could be due to an
externally induced tension which gives rise to a tilt modulus or due to a large bending stiffness. For the sake of simplicity, first
we assume that the brush consists of (flexible) directed polymers randomly grafted on a planar surface. Their preferred direction
is perpendicular to the surface. We use a field-theoretic analytical approach and treat the randomness of the grafting points as
quenched disorder. In the absence of any attractive interaction, and after averaging over the disorder of grafting positions, the
polymer array is in-plane translationally symmetric. We show that an attractive interaction can cause an instability to a phase
with modulated areal density, which has broken in-plane translational symmetry at a certain wavelength. The cause of this
instability is the interplay of attraction which induces in-plane collapse of the directed polymers and the permanent grafting
which resists it. We also show that this behavior is robust and persists, if instead of directed polymers we consider
perpendicularly grafted weakly bending semiflexible polymers with persistence length greater than their contour length.

FG-16
,

Local and global denaturation in DNA with repetitive sequences

,
.
A double-stranded DNA (dsDNA) is a linear array of AT and GC base pairs(bp). In vivo, the DNA has many repetitive
sequence parts called satellites of the size ranging widely from 1 to171 bp. A simulation using the Breathing DNA model[1,2]
has shown that as the satellite size increases the denaturation bubbles tend to be much larger than usual. We find that for the
optimal value of the satellite size, which is 6~9 bp long, the probability of large bubble formation is highest. To understand this
surprising phenomenon analytically, in this work, we study the effects of this satellite size on DNA local and global melting via
the Ising model. [1] O. Lee and W. Sung, Phys. Rev. E, 85, 021902 (2012). [2] O. Lee, J. Jeon and W. Sung, Phys. Rev. E, 81,
021906 (2010).
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FG-17
,

Stable and flexible system for glucose homeostasis
1,

2

,
. 1APCTP;
,
. 2
,
.
Pancreatic islets, controlling glucose homeostasis, consist of α, β, and δ cells. It has been observed that α and β cells generate
out-of-phase synchronization in the release of glucagon and insulin, counter-regulatory hormones for increasing and decreasing
glucose levels, while β and δ cells produce in-phase synchronization in the release of the insulin and somatostatin. Pieces of
interactions between the islet cells have been observed for a long time, although their physiological role as a whole has not been
explored yet. We model the synchronized hormone pulses of islets with coupled phase oscillators that incorporate the observed
cellular interactions. The integrated model shows that the interaction from β to δ cells, of which sign is a subject of controversy,
should be positive to reproduce the in-phase synchronization between β and δ cells. The model also suggests that δ cells help the
islet system flexibly respond to changes of glucose environment.

FG-18

Backbone chromatography: the color of dynamical brain states based on dynamical motifs
and network backbones
SHIN Jeongkyu, KIM Seunghwan
Pohang University of Science and Technology, Department of Physics.
Recently, studying brain network, an abstraction of anatomical/functional relationship in brain activity, became very popular.
We propose the abstract visualization method of the dynamical state of brain signals by combining the dynamical network
motifs and simplified backbone-rank diagram. We propose backbone chromatography as the mixture of colors representing the
orthogonal states defined by dynamic network backbones and motif distribution. Demonstration with the cortical EEG of
humans undergoing general anesthesia as well as fMRI of chronic pain patients show potential to quantify different anesthetic
states. Backbone chromatography offers the intuitive and direct information about the current state and dynamics of functional
brain connection, and is appropriate for the clinical application as a monitor of the brain state, not only in the brain signal level,
but the relationship of them. We also test our method as a tracer of spatiotemporal evolution of multi-layered networks.
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FG-19*

Conflicts in a real network of like and dislike links

YI Su Do, PARK Hye Jin, KIM Dae Joong1, KIM Beom Jun
Department of Physics, Sungkyunkwan University. 1Institute for Conflict
Healing, Dongguk University.
We investigate a real network of social relations which contains both
like- and dislike-links. By using statistical physics approach that the two
types of links are considered as ferromagnetic and antiferromagnetic
interactions, respectively, we study the network structure by using the qstate voter model by reducing the unhappy link density. It is found that
like- and dislike-relations exhibit very different behaviors. The resolution
of conflict in time is also investigated.

P2-F001

Network structure of National R&D activity in Korea in terms of research program

AHN Min-Woo, JUNG Woo-Sung
POSTECH.
Technology is essential for our life, so R&D activity is crucial for the improvement of our quality of life. Therefore, many
agency support R&D activity, and the amount of investment is gradually increased. We confirm the structure of the R&D
activity focused on research program. We employ network analysis to see the relation between research programs. To construct
network, we use the data from NTIS (National Science & Technology Information Service), which provides various data about
research projects such as title, technological category, keywords, and so on. First, we construct research project network. Node
is research project, and we connect two nodes if they has common keywords. From this network, research program network is
created. Node is research program, and we connect two program when connection exist between two programs in research
project network. We will observe the structure of research program network and discuss about the meaning of observed results.
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P2-F002

Expansion and internal dynamics of a flexible polymer in a cylindrical pore

JUNG Youngkyun, HA Bae-Yeun1
KISTI. 1University of Waterloo.
Inspired by recent bacterial chromosome experiments in narrow channels, we simulate the expansion (and internal) dynamics of
a self-avoiding polymer under cylindrical confinement. The chain is trapped in a piston, compressed up to 20% of its
equilibrium length, and released unidirectionally from the right end of the piston. Our results suggest that the chain
initially expands linearly with time (i.e., ballistically) like a concentrated hard-sphere system, enters a subdiffusive regime at an
intermediate time, and relaxes (globally) to its equilibrium size beyond the global relaxation time; the hard-sphere system
eventually undergoes diffusive motion. Using our results, we test a few theoretical models (e.g., a Flory-type approach), in
which the blob-blob or monomer-monomer interaction determines "expansion forces," clarifying their applicability. Our results
can be used for exploring further the polymer aspect of bacterial chromosomes.

P2-F003

The Impact of Heterogeneous Trading And Local Interaction Between Traders In Artificial
Double Auction Market
1,
2
,
POSTECH, Department of Physics. 1
, Division of Bussiness Administration. 2POSTECH,Department of Physics.
In financial market, there exists several stylized facts such as fat-tails and long memory of volatility. For the perspective of
complex system, stylized facts could come from heterogeneous trading strategies and nonlinear interaction between traders. To
understand intrinsic properties of financial market such as stylized facts, we propose ADAM(Artificial Double Auction Market)
using agent based modelling. ADAM consists of heterogeneous traders such as fundamentalist and chartist. Fundamentalist
(Chartist) has a risk averse (risk love) property and fills a role of liquidity provider (liquidity taker) in ADAM. When the ratio of
chartist in market increases, the market becomes more volatile and risky. Additionally, we add local interaction between traders
in ADAM. When adding local interaction and excluding global interaction between traders, stylized facts such as fat-tails and
long memory of volatility disappear. This research provides microscopic understanding of stylized facts and the effect of local
interaction between traders in financial market.
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P2-F004

Historical Trend of Popularity in Billboard "Hot 100" Chart

SOH Hyungjoon, JEONG Jaeseung1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Bio and Brain Engineering, KAIST.
Since popularity is an important indicator of success in human society, there has been a growing
interest in the description and prediction of popularity dynamics. In this work, we study the popularity
dynamics of Billboard “Hot 100” chart ranking, which provides a very rich dataset reflecting the time
evolution of music popularity over five decades (1958 ~ 2012). Dividing the time span of data into
various subintervals, we find a noteworthy difference in trend between the periods before and after the
year 1990. The rank dynamics before 1990 is well-described by a Markovian model, whereas the model
becomes inaccurate afterwards. This reveals that the nature of population dynamics essentially changed
in the year 1990.

P2-F005

Reconfiguration of Network Hub Structure after Propofol-induced Unconsciousness

LEE heonsoo, MASHOUR George1, NOH Gyu-jeong2, KIM Seunghwan, LEE uncheol3
Pohang University of Science and Technology. 1Universitiy of Michigan Medical School. 2Asan Medical Center. 3University
of Michigan Medical School.
Although network analysis has been widely used in brain study, there has been relatively little focus on graph theoretical
approaches to network changes during general anesthesia. Considering dramatic changes in electroencephalographic signals
during general anesthesia, we hypothesized that anesthetics have an effect on hub structure of functional brain network. From
21-channel electroencephalogram, functional brain network was defined by Phase Lag Index, for 3 states: wakefulness, loss of
consciousness induced by anesthetic propofol, and recovery of consciousness. Topology rather than global connection strength
of functional brain networks correlated with states of consciousness. The Average shortest path length, clustering coefficient,
and modularity increased after administration of propofol indicating segregated and inefficient brain network in association with
loss of consciousness. In particular, the strength of hub nodes significantly decreased. The primary hub location shifted from the
parietal to frontal region. These altered primary locations of hub nodes correlated with the altered phase relationship between
frontal and parietal regions. This study suggests that reconfiguration of hub structure is associated with anesthetic-induced
unconsciousness. Furthermore, reconfiguration of hub structure may explain the observed loss of frontal-parietal feedback
connectivity.
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P2-F006*

Web Search Trend Based Social Network Construction

LEE Byung-hwee, KIM Daniel, JEONG Hawoong
Department of Physics, KAIST.
Throughout the past decades torrents of data have been accumulated on the World Wide Web. Each day, millions of people
around the world search on the web to extract informations of their interests. There have been many tries to quantify the
relations between search keywords. In this work, with the help of search engines such as Google, we investigate the trends of
contexts people search for. We quantify a new measurement for relatedness between two contexts by analyzing their trends and
introduce a new construction method for social networks and communities. Since this new method involves temporal relation of
data, it also provides a complement to existing network construction methods. We extract the connection among two or more
networks using trend relation. We analyze the fashion brands and clothes categories, the members of the 111th United States
Senates, and etc. as illustrative example. We demonstrate that this analysis is applicable to various other social groups and
networks.

P2-F007*
industry sector

An analysis on relationship between R&D investment behavior and Firm's value based on

,

,
,
.
In this paper, we analyze how does research and development (R&D) affect the underlying value and market value of company
and use the current net income and price information as underlying value and market value. We find that the total research and
development (TR&D) have a significant relation to the underlying value of firm, while there are not relationships with market
value. Our findings suggest that investor should consider the R&D information in their investment strategy.
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P2-F008*
,

Portfolio selection using complex network method
,

,
.
Portfolio management is an essential problem of financial investment literature. Since Markowitz's portfolio theory introduced,
the numerous methods for constructing portfolio set have been proposed in the traditional technology such as the several
clustering algorithm and the random matrix theory, while there has been relatively little study of network approach. We used an
individual stocks listed on the KOSPI index from 01.03 2000 to 12. 31. 2012. To make diverse portfolio sets, we constructed the
stock network with the links above given threshold value. We consider Pearson correlation in order to check the performance of
proposed method and calculated the correlation between the KOSPI and the network-based-portfolio index calculated by insample, out-of-sample. We find that the correlation value was high enough in overall threshold value in in-sample. However, the
value was relatively low in out-of-sample, which is due to the noisy factors. To filter out the redundancies, random matrix
theory was used and we find that the correlation value was improved as the only meaningful factors were included.

P2-F009*
,

,

Analyze the relationship between weather effect and industry sector in Korean stock market.

,
.
We analyze the relationship between weather variables and industry sector indices based on the bounded rationality of investor
in the economy system using the monthly data from 2008 to 2010. We find that humidity and cloud cover have become highly
related to the all industry sectors. These results argue that the weather information that might influence the psychological social
phenomena should affect the investment strategies. Our results show the psychological effect of the investors in economic
systems playing a much more important role in terms of the asset pricing or portfolio theory.
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P2-F010*
,

Contagion effect of industry sector in Korean stock market
,

,
.
Systemic risk is the risk that negative feedback that is directed at one company is propagated to other companies through a
specific relationship channel. To measure systemic risk that is characterized by interconnected features among economic unit,
we employ the generalized variance decomposition method (GVDM) with a volatility data set of 354 companies listed on the
KOSPI index. Based on the contagion behavior of industry sectors or the chaebol group observed in financial markets, we
propose a novel approach to quantify systemic risk and to calculate the extent of systemic risk for the KOSPI market. We find
that systemic risk is closely related to financial crises such as the Asian currency crisis and the subprime mortgage crisis. In
addition, we analyze whether the chaebol group is related to systemic risk, and find that the chaebol group influences both the
contagion effect of real economic sectors, with the exception of construction, and systemic risk.

P2-F011*

Intra-City Bus Network Analysis on the Korean Cities for Understanding Urban Structures

HONG Inho, JUNG Woo-Sung
Dept. of Physics, POSTECH.
Complex network analysis on social systems has improved the understanding of social structures and phenomena closely related
to our daily life. The transportation systems for inter-city or inter-country connections such as airlines, railways and inter-city
buses have been deeply studied in perspective of the spatial network in recent decades. In contrast with the previous studies, this
study focused on the intra-city bus system of Korean cities to understand the urban structures by network analysis. A few
Korean cites which are not metropolitan and not in capital area are chosen as the target cities to reduce the complexity caused by
alternative public transportations such as subway and metropolitan bus system. The basic network properties including degree
distribution, betweenness centrality and assortativity are analyzed with the bus schedule data. The urban structure of the target
cities will be discussed by comparing the network topologies in consideration of the regional characteristics.
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P2-F012

Investigation of Road Networks in two Korean cities: Pohang and Changwon

JUNG Woo-Sung, LEE Byounghwa
POSTECH.
We investigated the roads network of two Korean cities: Pohang and Changwon. By using several topological methods, we
obtained the basic properties of networks such as the degree distribution, the average shortest path length, and clustering
coefficient. All of them reflect the basic property of planar networks, i.e. planarity, which means that the links do not cross each
other. The most significant result of this work is the betweenness centrality maps, obtained for both nodes and links. The result
indicates that betweenness centrality maps have a broad distribution, consistent with a power-law distribution. This means that
the traffic is concentrated on a small fraction of nodes. We also investigated which crossings and roads are potentially the most
probable congestion sites. By comparing the betweenness centrality maps, which is the prediction result, and real traffic
information, we showed that they looks very similar to each other, which means that prediction works well. The important point
is that we can predict potentially congestion points by using only topological information of the road networks, without any
meta information.

P2-F013*

Costly Bilingualism Model on Hierarchical Scale-Free Networks

ROH Myung Kyoon, KIM Young Jin, SON Seung-Woo
.
We investigate costly bilingualism model with a single zealot on self-similar hierarchical scale-free networks, so-called (u,v)
flowers, where each link in n-th generation is replaced by two parallel paths consisting of u and v links to produce the (n+1)-th
generation. According to the method of construction, the networks have the properties of small world (u=1) or fractal (u>1). The
phase diagrams of the costly bilingualism model are analytically studied on four different kinds of (u,v) flowers: (1,2), (1,3),
(2,2) and decorated (2,2) flowers, then compared to those on one-dimensional ring with interaction ranges. The self-similar
structure of the hierarchical networks makes possible exact analysis. All the results are compared with numerical simulations.
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P2-F014

Analysis of spreading scientific idea to human society by using big data of digitized books

YUN Jinhyuk, KIM Pan-Jun1, JEONG Hawoong2
Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701. 1Asia Pacific Center of
Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea. 2Department of Physics, Korea Advanced Institute of Science and
Technology, Daejeon 305-701, Korea.
Throughout mankind’s history, forecasting and predicting future has been a long-lasting interest to our society. Many fortunetellers have tried to forecast the future by astrology, crystal ball, and other ‘divine’ items. Sci-fi writers have also imagined what
the future would look like through their writings. However most of them have been illogical and unscientific. Meanwhile,
scientists have also attempted to discover future trend of science. Many researchers have used quantitative models to study how
new ideas are used and spread. W. Goffman developed some mathematical models explaining spread of scientific idea S.
Bornholdt examined the changes of 2D lattice model during emergence of a new idea, which grows fast and declines slowly.
Besides the modeling works, in the early 21st century, the rise of data science has provided another prospect of forecasting
future. Y. Kajikawa et al tried to track emerging research areas in energy research field. Lee also tried to identify emerging
research fields using scientometrics . Several researches tried to identify emerging science trends using burst detect algorithms .
However many studies have focused on very limited set of period or age, due to the limitations of dataset. Hence, many
questions still remained unanswered.Fortunately, at present, Google released a new dataset named “Google N-Gram Dataset” .
This dataset provides us with 5 million words worth of literature dating from 1520 to 2008, and this is nearly 4% of
publications-about 5 million books-ever printed. With this new time-varying dataset, we studied the spread and development of
technologies by searching 'Science and Technology' related words from 1800 to 2000. By statistical analysis we determined
factors that strongly affect the lifecycle of a word. Beside statistical analysis, we also determine underline dynamics of
spreading scientific idea to society by using of model.

P2-F015
,

Analyses of future prices in the structure of group correlations
1

,
. 1
,
.
We investigate the structure of group correlations in the KOSPI. We investigate a remarkable agreement between the
theoretical prediction and the empirical data concerning the density of eigenvalues in the KOSPI and KOSDAQ. The research is
undressed the market-wide effect using the Markowitz multi-factor model and the network-based approach. We find stock
entities that involve the each same business sectors and verify the structure of group correlations by applying a network-based
approach. Next, we introduce an agent-based model that is made up of several interacting agents with respect to local and global
coupling and its intrinsic randomness in the KOSPI. The group correlations between agents are particularly constructed and
predicted in future prices or return time series in several rounds.
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P2-F016

Brain Functional Connectivity of Sleep Dynamics

KIM Minkyung, SHIN Jeongkyu, KIM Seunghwan
Department of Physics, POSTECH.
Sleep is one of the most curious and undiscovered part of a human brain. There are 6 sleep stages and these stages are appeared
in turn during sleep. We called this sleep dynamics or sleep cycle. There are Rapid Eye Movement(REM) sleep, wake stage and
Non-REM(NREM) sleep which is divided to 4 stages such as sleep stage1,2,3 and 4. We observed characteristics of each sleep
stage using electroencephalogram(EEG) signal with functional brain network analysis. We constructed the directed functional
connectivity network using symbolic transfer entropy(STE) by frequency band-pass filtering and compared the network
topology between sleep stages. We found that the connectivities between frontal and central(occipital) are changed for sleep
stages. We suggest that the sleep stages have different functional network topology.

P2-F017*

Global Analysis of Human Nutrition and Diet: What the Human Body Wants

KIM seunghyeon, FOO Mathias, JIN Yong-Su1, KIM Pan-Jun
Asia Pacific Center for Theoretical Physics, Korea. 1Dept. of Food Science and Human Nutrition, University of Illinois,
Urbana-Champaign, USA.
Daily diet has significant effect on human health, thus numerous data about what people should eat and what nutrients are in
foods has been accumulated. However, there are only few studies that systematically analyze those large-scale food data. With
nutritional data of ~900 food products, we here present a way to quantitatively measure how each food is nutritionally valuable
and to find which factors have effect on such valuableness. Specifically, to quantify valuableness of a given food, we calculated
all possible different food combinations including the food, which satisfy daily nutritional requirement. The number of such
food combinations is called herein nutritional fitness of the food (NF). We then found a set of nutrients which can act as
bottlenecks for foods to have high NF. It turns out that only Individual bottleneck nutrients don’t affect NF, but also their pairs
affect NF in that foods with high NF tend to have unusual nutrient pairs not to be expected from majority of the other foods. To
summarize, our study provides insight into how NF and nutrients are intricately related, and can be useful for planning of
international food aid and personalized nutrition.
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P2-F018

Effect of Small-World Connectivity on Sparsely Synchronized Cortical Rhythms in A
Network of Fast Spiking Izhikevich Interneurons

LIM Woochang, KIM Sang-Yoon1
Daegu National University, Department of Science Education. 1LABASIS Corporation, Research Division.
Fast cortical rhythms with stochastic and intermittent neural discharges have been observed in electric recordings of brain
activity. For these sparsely synchronized oscillations, individual neurons fire spikings irregularly and sparsely as Geiger
counters, in contrast to fully synchronized oscillations where individual neurons exhibit regular firings like clocks. We first
employ the conventional Erd\"{o}s-Renyi random graph of fast (FS) Izhikevich interneurons for modeling the complex
connectivity in neural systems, and study emergence of the population synchronized states by varying both the synaptic
inhibition strength J and the noise intensity D. Fast sparsely synchronized states of relatively high degree are found to appear for
large values of J and and D. However, in a real cortical circuit, synaptic connections are known to have complex topology
which is neither regular nor random. Hence, for fixed values of J and D we consider the Watts-Strogatz small-world network of
FS Izhikevich interneurons which interpolates between regular lattice and random graph via rewiring, and investigate the effect
of small-world synaptic connectivity on emergence of sparsely synchronized rhythms by varying the rewiring probability p from
short-range to long-range connection. When passing a small critical value pc, sparsely synchronized population rhythms are
found to emerge in small world networks with predominantly local connections and rare long-range connections. With further
increase in p, the degree of population synchrony becomes higher, while the axon ``wire length'' of the network increases. At a
dynamical-efficiency optimal value p*DE, there is a trade-off between the population synchronization and the wiring economy,
and hence an optimal sparsely-synchronized rhythm is found to occur at a minimal wiring cost in an economic small world
network.

P2-F019*

Generalized Epidemic Process with Social Reinforcement and Modular Network Topology

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.
Understanding epidemic processes in our societies is an old problem that is yet to be solved. Any attempt for a
solution must take into account two basic features of social spreading: social reinforcement and modular
network topology. As a natural way to incorporate both features, we investigate the absorbing phase transition
of generalized epidemic process [1] on modular networks with tunable modularity. Our results reveal that the
nature of phase transition changes from the bond-percolation type continuous transition to the discontinuous
one as the social reinforcement is made stronger. The boundary between different transition types can be
analytically calculated as a function of modularity, which is also numerically confirmed.

[1] H.-K. Janssen, M. Muller, and O. Stenull, Phys. Rev. E 70, 026114 (2004).
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P2-F020*

Does a 1D dynamic phase transition exist for Ising degrees of freedom coupled to KPZ

growth?

BAEK Yongjoo, HA Meesoon1, JEONG Hawoong, PARK Hyunggyu2,
DEN NIJS Marcel3
Department of Physics, KAIST. 1Department of Physics Education,
Chosun University. 2School of Physics, KIAS. 3Department of Physics,
University of Washington.
We examine whether 1 + 1 dimensional directed polymers in a random
medium can display long-range order associated with an imaginary
interaction that flips the sign of the partition function with probability p.
It was claimed [1, 2] that such sign type order exists even at nonzero p,
which would then be an example of one-dimensional (1D) dynamic phase
transition induced by a non-equilibrium process. Reinterpreting the sign as ferromagnetic Ising spins coupled to the KardarParisi-Zhang (KPZ) type surface growth, we numerically show that such dynamics does not lead to a phase transition, but does
give rise to a distinct crossover anomaly observable in finite systems that mimics a phase transition. We discuss the finite-size
scaling of this crossover phenomenon. [1] B. Spivak, S. Feng, and F. Zeng, Pis’ma Zh. Eksp. Teor. Fiz. 64, 283 (1996).[2] L.
Ioffe and B. Spivak, arXiv:1305.1895 (preprint).

P2-F021
,

1/f noise in the Bak-Sneppen model due to inertia effect
1

. 1
.
We propose the generalized Bak-Sneppen evolution model showing 1/f noise. In our model, the fitness values of a species with
global minimum fitness value and its nearest neighbors are replaced with new random fitness values, and an inertia effect is also
applied to the chosen species so that it will be selected with higher probability than the others. We obtain a power spectrum with
the Fourier transform of autocorrelation function and find 1/f noise in the low frequency regime of the power spectrum. Similar
behaviors found for two dimensions indicate that 1/f noise is independent of the dimension of system in our model. Our results
support that the inertia effect would be the origin of 1/f noise.
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P2-F022*

Theoretical Analysis of Spiking Dynamics in Star-like Clustered Neural Network

KIM Seunghwan, KIM Junhyeok, LEE Dongmyeong1
Dept. of Physics, POSTECH. 1KIST.
It has been known that the anatomical network in cortex is characterized by the properties of heterogeneous connection
between nodes like small-world, scale-free network. We studied theoretically the effect of heterogeneous structure on the
spiking dynamics of clustered network. From the neural network model with clustered star-like network, we found that hub
cluster exhibit the highest firing rate fluctuations and spiking time variability due to the highest degree. Also, we checked the
firing rate properties of neurons which are outside of the hub. Next, we will extend this theoretical approaches to other
heterogeneous neural network to understand the relationship between the underlying structure and spontaneous brain activity.

P2-F023

Limiting-law Excess Sum Rule For Polyelectrolytes

LEE Yongjin, JHO Yongseok, LANDY Jonathan1
APCTP; Department of Physics, POSTECH.. 1Materials Department,
University of California.
We revisit a mean-field limiting-law screening excess sum rule that holds
for rod-like polyelectrolytes in general solutions. Our approach leads to a
clarification of the region of applicability of the law: It holds in the limit
of small polymer radius, measured relative to the Debye screening length.
From the limiting-law, we determine the individual ion excess values for
single-salt electrolytes. We also consider the mean-field excess sum away
from the limiting region, and we relate this quantity to the osmotic
pressure of a dilute polyelectrolyte solution. Finally, we consider
numerical simulations of many-body polymer-electrolyte solutions. We conclude that the limiting-law often accurately
describes the screening of physical charged polymers of interest, such as extended DNA.
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P2-F024

Movement behaviors of Zebrafish in different size and locations of arena in response to

chemical stress

QUACH Quang Kha
Department of Biological Sciences, Pusan National University, Busan 609-735.
Movement behavior of an indicator species, zebrafish (Danio rerio), was analyzed in response to environmental stimuli
including chemical stress (Diazinon, 1ppm) and size of arena. We addressed role of special positions in determining behaviors
of animals in a limited size of observation arena (four sizes: 5 x 5 cm2, 10 x 10 cm2, 15 x 15 cm2 and 30 x 30 cm2). We
separated the observation arena into corner, boundary and central areas based on experimental data. The average values of
velocity and acceleration were reduced significantly after the chemical treatment. Comparing the relative differences of the
average values of velocity and acceleration before and after the chemical treatment, size 10 x 10 cm2 was smaller than other
sizes. Distributions of probability of velocity were significantly different before and after the chemical treatment. After
treatment, probabilities of small average value of velocities were the highest and decreased when the average value of velocities
increased, except at the arena size 10 x 10 cm2. Other parameters, such as visiting time and nearest boundary of individuals,
were variable according to the size of arena. Probability distribution of the averages of velocity and acceleration in different
areas of sizes were similar, highest probability at small velocity and acceleration value, except the central areas of arena size 10
x 10 cm2 and 15 x15 cm2. The intermittency of linear velocity was overall similar regardless of the arena sizes and areas in
arena. The intermittency for the arena size of 5 x 5 cm2 before the chemical treatment showed different pattern compared to
other cases with fluctuations at the longer shadowing time (upper panel for size 5 x 5 cm2). The fluctuation, however,
disappeared after the chemical treatment when the organisms stayed for a slightly longer time in the center area. It is noteworthy
that the intermittency showed a notable pattern for the case of 10 x 10 cm2 in size after the chemical treatment; a rapid decrease
in probability was observed in the middle range of the shadowing time (the case 10 x 10 cm2). The intermittency of variables
and locomotory parameters traced by individual movement in different locations in the areas provided useful information on
structure property residing in complex response behaviors and would serve as a reference system for monitoring external stimuli
in environment.

P2-F025

Analyses of Zebrafish (Danio rerio) behavior in response to obstacles

CHO Woon-Seok, KIM Hungsoo1, QUANG Quack Kha, LEE Sang-Hee2, CHON Tae-Soo
Department of Biological Sciences, Pusan National University, Busan 609-735, Republic of Korea. 1National Robotics
Research Center, Pusan National University, Busan 609-735, Republic of Korea. 2Division of Fusion Convergence of
Mathematical Sciences, National Institute for Mathematical Sciences, Daejeon 305-811, Korea.
Behavior of the fish could be respond to various stimuli. Fish behavior showed the hiding response with recognizing obstacles
as a hiding place and avoidance behavior appeared in response when fish would recognize obstacles as an enemy. In order to
observe the pattern of fish behavior to react to obstacles of various shapes (e.g., circle and arc) and sizes (e.g., 12 and 24 cm) the
locations of fish were recorded during three hours using an automatic behavior tracking system. The tracking coordinate data of
fish behavior were obtained by automatic tracking program. Using this data, behavior patterns around each obstacle, center, and
boundary of the arena were explored. The calculated parameters of the behavior (e.g., speed, acceleration, turning angular
velocity, meander) at each location were used to analyze movement patterns. Also the intermittencies of movement parameters
were calculated to understand the stochastic nature of fish behavior.
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P2-F026

Response Behavior of Caenorhabditis elegans after Exposure to a Chemical Stressor

(Benzene)

KIM Bo-Moon, KIM hungsoo1, KWAK Gyu-Suk, CHON Tae-Soo
Department of Biological Sciences, Pusan National University, Busan 609-735, Republic of Korea. 1National Robotics
Research Center, Pusan National University, Busan 609-735, Republic of Korea.
Computational analysis of response behaviors of indicator species is feasible in monitoring environmental disturbances in situ.
The positions of Caenorhabditis elegans in different strains (wild type (N2), pmk-1, cep-1, cyp35a2) were continuously
monitored in a circular arena (diameter; 6mm) from top-view by using an automatic image recognition system.In the movement
data, to trace the body shape of C. elegans, the identified body was segmented and the coordinates of 13 body points in the body
were recorded at each moment.In order to study the response behavior to chemical stress, C. elegans was treated with benzene
(0.5ppm).Movement parameters (e.g., speed, acceleration, turning rate, meander) were calculated at each point of the body point
and were analyzed by Self-Organizing Map before (2 hours) and after (2 hours) treatment. We selected 5 points (1st, 4th, 7th,
10th and 13th) of body segment was and the permutation entropy for the 5 points was additionally calculated for characterizing
movement shapes of C. elegans. In the analysis of the movement parameters, abnormal behaviors were accordingly detected;
increase in speed and decrease in turning rate after treatment. Permutation entropy of each strain was distinguished according to
strains before and after treatment. It was worth noting that permutation entropy of body segments did not change in the strain
pmk-1 after treatment. Feasibility of computational methods for behavioral monitoring was additionally discussed by analyzing
movement data of indicator species.

P2-F027

Population Balancing with Switching

SONG Juyong, HOANG Danh-Tai1, KIM Jongwook1, JO Junghyo
APCTP, POSTECH, Department of Physics. 1APCTP.
We study a population balancing problem motivated from cell replication and transdifferentiation. The biological processes can
be mapped onto ball addition and replacement in the urn problem. When a colored ball is drawn in an urn comprising two colors
of balls, one additional ball with the same color is put into the urn in the Polya's urn, while the drawn ball is replaced by a
different-colored ball in the Ehrenfest's urn. Our model is a mixture of the two urn cases where two types of cells replicate and
switch into the other cell types. Dominant species have a higher chance to replicate and also switch into the other species.
Therefore, the competition between the two processes determines population balance. We develop the master equation for
describing the population dynamics, and find the critical condition for the population balancing. In addition, we analyze the
fluctuation of population size by the Fokker-Planck equation derived from the master equation.
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P2-F028

Depletion-induced compaction of a flexible polymer confined in a cylindrical pore

KIM Juin, JEON Chanil1, JEONG Hawoong, JUNG Youngkyun2, HA Bae-Yeun1
KAIST, Department of Physics. 1University of Waterloo, Department of Physics and Astronomy. 2KISTI, Supercomputing
Center.
DNA compaction in a bacterial cell is in part carried out by depletion forces induced by "free" proteins or crowding particles
available in the cell. Indeed, recent in vitro studies [1] have shown that the depletion force alone can condense the E. coli
chromosome to its in vivo size. Here, we study how a chain molecule can be compacted by crowding particles in a (cell-like)
cylindrical space, using molecular dynamics simulations. Our simulation results confirm that the depletion interaction alone is
strong enough to compact the chain and suggest that the compaction seems to be rapid but continuous. We also support our
results by free energy analysis. This effort enables us to understand the competing effects of depletion and cylindrical
confinement on chain conformation. [1] J. Pelletier, K. Halvorsen, B.-Y. Ha, R. Paparcone, S. J. Sandler, C. L. Woldringh, W.
P. Wong and S. Jun, Proc. Nat. Acad. Sci., 2012, 14, E2649 - E2656.

P2-F029

Restricted Solid-on-solid Model with a proper restriction parameter N in 4+1 dimensions

KIM Sang-Woo, KIM Jin Min
Department of Physics and Institute for Integrative Basic Sciences, Soongsil University, Seoul 156-743.
A restricted solid-on-solid growth model is studied for various restriction parameters N on 4+1 dimensions. The interface
width W grows as tβ with β = 0.158(6) and W follows W ~ Lα at saturation with a = 0.273(9), where L is the system size. The
dynamic exponent z = 1.73(8) is obtainedfrom the relation z = α / β. The estimated exponents satisfies the scaling relation α + z
=2 very well. This result indicates that the upper critical dimension is higher than 4 + 1.With a proper choice of the restriction
parameter N, we can reduce the discrete effect of the height to the width and obtain the values of the exponents accurately in
d=4+1 dimensions.
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P2-F031*

Xeon Phi Coprocessor System

Static, Dynamic, Multi Threads Load
.

Dynamics of an Active Particle under a Ratchet Potential

CHOI Saerom, LEE Kong-Ju-Bock, PARK Pyeong Jun1
Department of Physics, Ewha Womans University. 1School of Liberal Arts and Sciences, Korea National University of
Transportation.
We consider a generalized active particle coupled to an energy depot, which can store supplied energy and convert it into
mechanical work. In this presentation, it is assumed that the energy supply rate is constant and the energy conversion rate
function consists of linear and quadratic terms in the particle's velocity. We extend the analysis of active particles's motion
under constant external force to the one in presence of a ratchet potential. The role of non-symmetric energy conversion rate in
the particle's velocity is discussed in comparison to the conventional symmetric cases.
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Chimera states in ring of coupled chaotic maps
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P2-F033*

Analysis of win-lose circulations between strategies in iterated prisoners; dilemma games

KIM Young Jin, ROH Myungkyoon, SON Seung-Woo
Hanyang University.
We study ierated prisoner's dilemma games (IPDG) with a single step memory using replicator dynamics. Through the network
analysis of the strategies in IPDG, we find the existence of win-lose circulations between strategies like the rock-paper-scissors.
Focusing on the simplest cases among three strategies, we investigate the oscillating population densities in time and the two
dimensional flows on the srtategies plane. Fixed point and its stability are theoretically analyzed and checked by numerical
simulation.
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GG-02

Hertz's Experiment For DBL Course

LEE Jong Duk, RYU Chang-Mo
,
.
In this study, we briefly introduce new experimental approach, "Design & Build Physics Laboratory (DBL)" for undergraduate
general physics lab course and "Hertz's experiment (subtitle: Catch the electromagnetic waves!)" in detail as a DBL theme of
this semester. DBL, unlike conventional "cookbook labs.", is a project-typed general physics lab course running with student's
hands-on activities. All experimental procedures such as product design and construction, experimental setup, data analysis and
the physical interpretation of the results, are managed by the students themselves. DBL course is constructed systematically
with two tracks: conventional basic experiment and DBL theme. For Hertz's experiment, basic experiments consists of 3 or 4
subjects closely related to DBL theme. After these basic labs., DBL project starts officially. The students learn about analytical
methods as well as the basic principles of physics through these basic lab courses. In the full processes, the students will learn
about electrical characteristics of L and C, series/parallel RLC circuit characteristics, electromagnetic damping oscillation, LC
resonance, FFT analysis, etc. All these processes involve essential key factors needed to perform STEAM system. We also
suggest that this DBL course could be good alternative to traditional general physics labs for undergraduates that can promote
the curiosity and the creativity and also encourage self-improvement and a sense of achievement.

GG-03

Thevenin Equivalents for Inhomogeneous Ladder Networks of Generators

HONG Seok-In, CHOI Je-Young1
,
. 1
,
.
We find general formulas for Thevenin equivalents (equivalent voltage and equivalent impedance) for inhomogeneous ladder
networks of generators defined as a voltage source and an impedance in series. In the projective matrix representation, this is
accomplished by adopting a special decomposition of a 3 × 3 transfer matrix which transforms a product of transfer matrices to
a product of diagonal matrices up to a prefactor and a postfactor. In particular, we calculate Thevenin equivalents in a closed
form for two ladder networks of generators with a periodic transfer matrix of period 1 (tapered ladder network) and period 2.
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HG-01( ) The first stage Installation of a Compact Linear Accelerator at KBSI
WON Mi-Sook, LEE Byoung-Seob, CHOI Seyong, OK Jung-Woo, PARK Jin Yong, SHIN Chang Seouk, YOON Jang-Hee
Korea Basic Science Institute.
The KBSI compact linear accelerator for the neutron radiography is being developed since 2009. The first stage of KBSI
accelerator is the development of the 28 GHz superconducting ECR ion source. The most part of 28 GHz ECR ion source which
includes the high power microwave, superconducting magnets with liquid helium recondensation cryostat, plasma chamber, and
the low beam transport line have been designed and manufactured. All the parts of the system were already arranged and
installed for beam extraction. In parallel, the technical design of RFQ and DTL is in progress and another RFQ from TITECH is
waiting for delivery. The current status of KBSI accelerator project will be presented in this paper.
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Spatially Resolved Thomson Scattering in Electron Wakefield Acceleration

SINGHAL HIMANSHU, KIM Hyung Taek1, KIM I Jong1, PAE Ki
Hong2, SUNG Jae Hee3, LEE Seong Ku3, JEONG Tae Moon3, NAM
Chang Hee4
Center for Relativistic Laser Science, Institute for Basic Science. 1Center
for Relativistic Laser Science, Institute for Basic Science,Advanced
Photonics Research Institute, GIST. 2Advanced Photonics Research
Institute, GIST. 3Center for Relativistic Laser Science, Institute for Basic
Science, Advanced Photonics Research Institute, GIST. 4Center for
Relativistic Laser Science, Institute for Basic Science, Dept. of Physics
and Photn Science, GIST.
A study on the space resolved optical Thomson Scattering (TS) from the plasma channel produced by the interaction of 1 PW
30 fs laser with 25 mm Helium gas jet has been carried out, resulting in the generation of electrons upto ~2 GeV energy. The TS
spectrum shows different spectral features along the propagation (laser propagate from top to bottom). In initial part of
interaction the spectrum has been broadened, which is inferred from the wave-breaking (WB) event. The scattering from
remaining part is rather small with a small red shift. In the wakefield acceleration the electrons are first trapped in the wakefield
through the process of WB and then they are accelerated in the wakefield. If the intensity/spectral width of the WB spectrum is
small the WB does not properly initiated resulting in poor electron generation, but if it is very large or multiple events of the
WB occur then the plasma wave is destroyed resulting in the poor electron energy. Hence for efficient electron acceleration it is
required to optimize the interaction of the laser pulse with gas jet. The graph compare the spectra from of WB(magenta),
wakefield (blue) and laser (red).
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P2-H004*

Experimental Study on a TE6,2 to HE11 Mode Converter via Free Space Gaussian Mode
Conversion using a Quasi-Optical System at W-band
KIM Dongsung, KIM Sunggug1, KIM Kwanghoon1, KIM Jung Ho2, SO Joonho3, LEE Woosang3, CHOI Eunmi
UNIST, Department of Physics. 1UNIST, Department of Electrical Engineering. 2LIG Nex1. 3Agency for Defense
Development.
Gyrotron is the most promising millimeter/sub-millimeter wave source that can produce high output power at high frequency
among other available sources in current technology. The high output power (more than tens of kW) is achievable due to an
overmoded interaction cavity that generates a higher order mode. However, the higher order mode is not appropriate to
propagate to the rest of the transmission system due to high transmission loss. We present a mode converter system to convert a
higher order cavity mode (TE6,2 mode) to a Gaussian beam mode. It consists of a Vlasov-type launcher and three reflectors.
The quasi-optical mirror system with the Vlasov launcher is designed using a Surf3d code. The beam patterns at each mirror and
at the window position are predicted using Surf3d code. The mode converter was fabricated and cold-tested using a vector
network analyzer (VNA). The experimental results showed an excellent agreement with the simulated results. The detailed
comparison and analysis will be presented in this paper. The design of a matching optics unit (MOU) and an oversized
corrugated waveguide will be discussed.
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P2-H005

Three-dimensional simulation of a free-electron laser oscillator based on a harmonic
wiggler magnetic field

KIM Ki-Bum, NAM Soon-Kwon1
Institute of Liberal Education,Kangwon National University. 1Department of Physics,Kangwon National University.
We performed numerical simulation of a free-electron laser oscillator based on a harmonic wiggler magnetic field. Threedimensional simulation code which consists with the three-dimensional particle motion and the amplitude and phase of emitted
field was developed to investigate the nonlinear interaction between the electron beam and the emitted radiation field, the
optimal conditions of harmonic wiggler and three-dimensional effects such as hole coupling, misalignment and transverse
construction of emitted radiation field.
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P2-H007

Highly stable carbon nanotube field emitters onsmall metal tips against electrical arcing

,
(KAIST),
.
Carbon nanotube (CNT) field emitters that exhibit extremely high stability against high-voltage arcing have beendemonstrated.
The CNT emitters were fabricated on a sharp copper tip substrate that produces a high electric field.A metal mixture composed
of silver, copper, and indium micro- and nanoparticles was used as a binder to attachCNTs to the substrate. Due to the strong
adhesion of the metal mixture, CNTs were not detached from thesubstrate even after many intense arcing events. Through
electrical conditioning of the as-prepared CNT emitters,vertically standing CNTs with almost the same heights were formed on
the substrate surface and most of looselybound impurities were removed from the substrate. Consequently, no arcing was
observed during the normaloperation of the CNT emitters and the emission current remained constant even after intentionally
inducing arcingat current densities up to 70 mA/cm2.
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Investigation of 6MeV X-band Side Coupled LINAC Using Three-Dimensional PIC

Simulation
,

1,

,
.

1,

1,

1

1

.
Side coupling
X-Band 6MeV LINAC 3
.
9.3GHz, 1.7MW
source
6MeV
.
buncher section, acceleration section, coupling section
.
pi/2 mode
vacuum breakdown limit
.
Buncher section
cell
Beam
.
.

PIC
,
Cavity

80cm
50

.
stored energy
.

7

P2-H009

Simulation study of injection and beam delivery line for a 70 MeV H- cyclotron

,
,
Rare Isotope Science Project (RISP), Institute for Basic Sciences (IBS),.
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Design study of a magnetron injection gun (MIG) for a high power W-band gyrotron

LEE Ingeun, KIM Sunggug, WON Jong-hyo1, SO Joonho2, HONG Yongjun2, CHOI Eunmi
UNIST, Department of Electrical Engineering. 1LIG Nex1. 2Agency of Defense Development(ADD).
The paper presents the design of a diode type Magnetron Injection Gun (MIG) operating at W-band. A magnetron injection gun
(MIG) is one of the most important devices in determining successful gyrotron operation. The 2D EGUN code and a
commercially available 3D CST Particle Studio are used for the design study. Also, we have analyzed thermal expansion of
cathode and anode for securing stable beam performance with ANSYS workbench code. We will present crucial design
parameters for optimizing geometry of MIG and the final simulation results.
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P2-H011

The test results of Beam Diagnostic System for KBSI Accelerator

LEE Byoung-Seob, PARK Jin Yong, BAHNG Jungbae1, OK Jung-Woo, CHOI Seyong, SHIN Chang Seouk, YOON Jang-Hee,
WON Mi-Sook, KIM En San1
Korea Basic Science Institute. 1Kyungpook National University.
The KBSI (Korea Basic Science Institute) is developing a compact heavy ion accelerator for fast neutron radiography since
2009. For fast neutron generation, we have determined the 28 GHz superconducting ECR ion source as injector and have
manufactured beam diagnostic system to measure the ion beam with a large emittance which is generated from 28 GHz ECRIS
(Electron Cyclotron Resonance Ion Source). We have tested beam profile and emittance with our beam diagnostic system which
is composed with 2 silts, 1 wire scanner. For the measurement of beam with ECRIS, we moved beam diagonostic system to
RCNP (Research Center for Nuclear Physics), Japan. In this presentation, we will reported a test results.

P2-H012*

The Higher Harmonic Mode (TEmp, m>>1) Generation in a Cylindrical Cavity via Direct
Fundamental Waveguide Coupling in F-band
CHOE MUNSEOK, KIM KWANGHOON1, CHOI EUNMI1
Ulsan National Institude of Science and Technology, Physics. 1Ulsan National Institude of Science and Technology, Electrical
Engineering.
Generation of higher harmonic mode of TEmp, (m>>1) at high frequency is required for cold-testing mode conversion system
in high power gyrotron source. The higher harmonic mode can be generated by coupling fundamental waveguides with the same
number of desired azimuthal variation into a cylinder or by coupling through perforations into a cavity with a beam propagating
in free space, etc. However, the former method is complex and limited in the low order modes (m~1), and the later method is
extremely sensitive to the alignment. In this paper, we present a novel higher mode generator which consists of a simply
cylindrical cavity structure with a fundamental rectangular waveguide feeding at W-band. The proposed method is very simple
in structure and the mode purity is as good as the other methods. The detail experimental results as well as simulations results
will be presented in the paper.
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P2-H014

Archive and Alarm System for the KOMAC LINAC

SONG Young-Gi, KWON Hyeok-Jung, JANG Ji-Ho, CHO Yong-Sub
KAERI, KOMAC.
The Korea Multi-purpose Accelerator Complex (KOMAC) LINAC is composed of ion source, RFQ, DTL, and Bema line. The
LINAC includes diverse components such as magnet, power supply, cooling, RF, beam diagnostics, vacuum, and so on. There
are many operation signals which are stored in archive system. There are also many alarm signals which are monitored by
operators. The KOMAC archive and alarm system have been developed by using EPICS based control system. The archive and
alarm system can integrate the operation signals by using network connection to the distributed control systems. The archive
and alarm systems are divided in there layers for more efficient data management. In this paper, the archive and alarm system of
the KOMAC LINAC will be presented.
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P2-H015*
,

Study of a transversely ellipsoidal bubble and electron trapping of LWFA.
,

Unist.
We present electron trapping in an ellipsoidal bubble in the field of LWFA. The formation of an ellipsoidal bubble, which is
elongated transversely, frequently occurs when the spot size of the laser pulse is large compared to the plasma wavelength. To
explain electron trapping condition, we introduce the relation between the bubble size and the field slope inside and provide an
ellipsoidal model of the bubble potential using empirical simulation results. We found that the ellipsoidal potential gives a
significantly less restrictive trapping condition than the spherical bubble. The trapping condition is compared with threedimensional particle-in-cell simulations and the electron trajectory in test potential simulations.
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P2-H017
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High power test of klystron RF window
1,

2,

2,

2,

3,

3

NFRI,
. 1NFRI,
. 2
,
. 3
.
KSTAR LHCD system is equipped with a prototype klystron for 5 GHz 500 kW CW power made by TETD. One of the most
challenging part of the high power CW operation of the klystron is the RF vacuum window. The window is cooled at the edge
but high power concentrated on the center of the window. The resulting temperature difference causes the thermal stress on the
window. The prototype klystron has two output waveguides; each with an BeO RF window for 250 kW. Since it is risky to test
and monitor the RF window installed at the klystron with its full power, a pair of BeO windows which is identical with those of
the klystron were installed in series at the transmission line after the combined output of two klystron waveguides and the
temperature distribution over the window was monitored using IR camera. In this poster, the experimental setup and result of
the performance of the RF window will be 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), the Ministry of Science, ICT and Future Planning of the
Republic of Korea under the Korean ITER project, and BK21+ program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education.

P2-H018*

Development of a field following mesh generator for analysis of two dimensional tokamak
plasma transport
KIM Young-Jin, YOO Min-Gu, NA Yong-Su
Department of Nuclear Engineering, Seoul National University, Seoul, Korea.

In general, two-dimensional (2-D) transport models are calculated on a grid based on the finite volume
method (FVM) which decomposes the parallel and the radial direction due to strong anisotropy of
transport in a magnetized plasma. So, it is mandatory to align the mesh with magnetic flux surfaces for the
2-D simulations in each computational iteration. For this purpose, we developed a mesh generator which is
flexible for coupling with core and edge plasma transport modules. The mesh is created orthogonally by
following poloidal magnetic fields of given boundary equilibrium profiles suitable both for Single Null
(SN) and Double Null (DN) divertor configurations. It is developed to attain flexibility in generating grid
distributions for optimizing calculation domains according to various plasma phenomena in interest, e.g.
coarse distribution in the core and refine one in the edge region for detached edge modeling. The field
following generator developed is going to be applied for 2-D transport analysis with saved calculation time
especially for time evolution of edge localized modes (ELMs), edge flows, neutral fueling, impurity
transport.
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Comparison of PKA Spectra for the 14 MeV Neutron and 17 MeV Proton in PFC materials

KIM Dong-Woo, LEE Bo-Young, KO Seung-Kook, OH Joo-Hee1, LEE Hee-Seock1
. 1
.
The comparison of PKA spectra for the 14 MeV neutron and 17 MeV proton in PFC(plasma facing component) was simulated
using MCNPX/SPECTER code. The dpa(displacement per atom) values in PFC of graphite, Cu, and SS316L 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 estimated as 0.6 dpa/fpy for graphite, 4.3 dpa/fpy for Cu and 2.0 dpa/fpy
for SS316L. The dpa values from the interaction of 17 MeV proton were estimated as 6.8 dpa/fpy for Cu and 6.3 dpa/fpy for
SS316L using TRIM code at the same neutron fluence. At first, proton irradiation phenomenon in the KOMAC(Korea Multipurpose accelerator complex) will be studied with the dpa values.
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P2-H023

Measurement of poloidal fixed probes of edge region in KSTAR
1,

,
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1,
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,

1

,
.
,
.
Plasma parameters at the scrape-off layer(SOL) and divertor region of Korea Superconducting Tokamak Advanced Research
(KSTAR) device have been measured by poloidal fixed electric probe arrays(FEPAs) and toroidal limiter electric probes
(TLEPs). These probes probes have measured ion saturation current (Isat), and some sets of probes were used as triple probes to
deduce the electron temperature (Te) and plasma density (ne) by measuring two floating potentials and ion saturation current,
separately, which allows a systematic comparison of plasma parameters at the divertor regions (in-board, out-board, and private
regions). In addition, eight fixed probes are newly installed at the toroidal limiter, which measure the plasma flow and other
plasma parameters (Te and ne). The poloidal profile information was obtained from the probe measurement. For the future work,
through the analysis of measurements, we can be studied in relation to plasma to plasma shaping and confinement.
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P2-H025

Simulations of electromagnetic effects in high-frequency capacitive discharges

LEE Insook
Korea Science Academy of KAIST.
We present a self-consistent two-dimensional axisymmetric model and simulation strategy to predict radial plasma uniformity
in large-area high-frequency capacitive discharges. The model couples Maxwell equations, fluid plasma equations and a sheath
model with stochastic heating effects taken into account, solving the equations using the finite element method. Electromagnetic
effects (e.g. standing wave and skin effects) as well as the electrostatic edge effect (e.g. edge effect) are captured in the
simulation, and the model highlights differences between the edge effect and the skin effect, both of which can cause strong
plasma production near the radial reactor edge. The model also enables an investigation into the transition from global-to-local
power deposition as the pressure varies. This two-dimensional model allows for treatments of irregular geometries, such as an
electrode asymmetry, which can be used to suppress undesirable edge effects.
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Improvement of EEDF Measurement using Two Different Collecting Area Langmuir Probes
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P2-H027*

Particle-in-Cell Simulation of High-Voltage Sheath Dynamics of Grid Electrodes

YI Changho, NAMKUNG Won1, CHO Moohyun2
Dept. of Physics, Postech. 1Pohang Accelerator Laboratory. 2Dept. of Physics & Division of Advanced Nuclear Engineering,
Postech..
Plasma immersed ion implantation (PIII) is a well-known technology to modify material surface properties. Pseudo-wave
assisted PIII is one kind of PIII, which uses high energy ions in pseudo wave generated by grid electrodes with high-voltage
pulse. Since, high-voltage electrodes and film do not contact directly in this scheme, the arcing problem between electrodes and
film can be prevented. In the pseudo-wave assisted PIII, the quantity of implanted ions are determined by the quantity of trapped
ions in the expanded sheath of grid electrodes during high-voltage pulse. And energy of implanted ions is determined by the
potential profile in the sheath. Thus, detailed understanding about high-voltage sheath of grid electrodes and its structure is the
key for prediction of characteristics of implanted ion. One of the good methods to investigate detailed properties of dynamic
sheath is particle-in-cell (PIC) simulation. In this paper, we present the PIC simulation results of high-voltage sheath dynamics
of grid electrodes and compare them with experimental results.
*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), the Ministry of Science, ICT and Future Planning of the
Republic of Korea under the Korean ITER project, and BK21+ program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education.

P2-H028

Development of Large Area Nano-scale Free-standing Targets for Warm Dense Plasma

Experiment
LEE Jong-Won, CHO Byoung-Ick, LEE Chang-Lyoul1
GIST, Department of Physics and Photon Science, HEDP-UFX. 1APRI,
Nano-bio Photonics Laboratory.
With the rapid development of ultrafast EUV light sources based on high
power laser, the ultrafast laser – EUV absorption spectroscopy has great
potential to be a versatile pump-probe technique to study the electron
dynamics, changes in electronic structures and/or the local geometry of
matters. To investigate ultrafast non-equilibrium electron dynamics in
warm dense plasmas, with temperature of 1~10 eV and solid density
using this new technique, we develop large area (> 10 x 10 mm^2) freestanding nickel foil targets with nanometer thicknesses. They are
fabricated using various MEMS techniques such as spin coating, e-beam
vapor deposition, and annihilation. The targets are irradiated by high
power laser pulses to generate solid-density plasmas and probed by means
of ultrafast EUV absorption spectroscopy (the transmission of EUV
pulses), and then a hole is created. Nanometer thickness matches a
penetration depth of EUV photons (50 ~ 60 eV) and the large area allows
a translation of target after each laser shot. These will ensure good photon
statistics for ultrafast EUV probe pulses and quality data.
This work was supported by the GSG Project through a grant provided by GIST in 2013.
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P2-H029

Experimental study of the effect of Ar buffer gas on characteristics of laser-produced plasma

,
.
The spectroscopic and interferometric analysis was carried out with the aim of investigating the influence of argon buffer gas on
characteristics of laser-produced aluminum (Al) plasma in open air at atmospheric pressure. The Al plasma was driven by
focusing nanosecond 1064nm laser pulse onto Aluminum target. The optical emission spectra and the interference patterns were
collected from the resulting plasma using broadband spectrometer (HR4000, Ocean Optics) and Normarski interferometer,
respectively. The spatial distribution of electron density was obtained on the basis of phase information of the interference
pattern and Abel inversion equation. It was found that the argon buffer gas lead to a significant enhancement of atomic emission
intensities as well as an increase of electron density of Al plasma. Experimental details will be given in this presentation.
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P2-H031

Transition Radiation from the Interaction of Ultraintense Laser and Ultrathin Foil Target

BAE Rijin, CHO Byoung-ick
Gwangju Institute of Science and Technology, Department of Pysics and Photon science.
With the advent of petawatt lasers, ultrahigh intensity of light (>10^21 W/cm^2) can be achieved and electrons and ions
motions in such laser – matter interactions are relativistic. In particular, when high-intensity laser is focused on ultrathin targets,
energetic electron and ion beams are generated by so-called radiation pressure acceleration (RPA). We present calculations for
transition radiation generated by hot electrons, which escape target during the laser pulse. The motion of ultrathin target (ion
acceleration) due to high radiation pressure of laser introduces the Doppler effects on the transition radiation. Detailed electron
and ion motions under RPA conditions will be discussed based on spectral analysis of calculated spectrum of radiations. This
work was supported by the “Top Brand Project” research project through a grant provided by GIST in 2013.

P2-H032

Characterization of N2-H2 flowing afterglow by emission spectroscopy

LEE Jae-yong, OH Soo-ghee1
,
. 1
,
.
Afterglows of N2 and N2 – O2 flowing RF discharges are characterized by emission spectroscopy. The N and O atoms and the
N2(A) metastable molecule densities are determined after NO titration for N and measurements of NO and N2 band intensities
for O and N2(A).
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P2-H033

High-Voltage Pulse in ECR plasmas with Belt-type Magnet Assembly

LEE H. J., YI C. H., KIM S. B.1, PARK S. I.1, YOO S. J.1, CHO M. H.2, NAMKUNG W.3
Dept. of Physics, POSTECH. 1National Fusion Research Institute. 2Dept. of Physics & Division of Advanced Nuclear
Engineering, POSTEC. 3Pohang Accelerator Laboratory.

The plasma sources for plasma immersion ion implantation (PIII) are almost non-magnetized plasma, and
the sheath dynamics is well developed. However, with external magnetic fields, the sheath dynamics is
different to the conventional theory. To compare effects of magnetic fields, the experiments of applying
high-voltage pulses to the target have been investigated in ECR plasmas with the belt-type magnet
assembly (BMA). The preliminary results show that the sheath thickness of target decreases with
increasing the magnetic field strength and light gas species. The sheath thickness was estimated according
to the Child-Langmuir law with an assumption of one-dimensional quasi-steady state.
* 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), the Ministry of
Science, ICT and Future Planning of the Republic of Korea under the Korean ITER project, BK21+
program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education,
and Degree & Research Center (DRC) project through the Korea Research Council of Fundamental
Science and Technology (KRCF) funded by the Ministry of Science, ICT & Future Planning.
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Experimental demonstration of a delayed-choice quantum walk

JEONG Youn-Chang, FRANCO Carlo Di1, LIM Hyang-Tag, KIM Myung-Shik2, KIM Yoon-Ho
POSTECH,
. 1Queen's university Belfast. 2Imperial College London.
Many paradoxes of quantum mechanics come from the fact that quantum systems can possess different features simultaneously,
such as in wave-particle duality or quantumsuperposition. In recent delayed-choice experiments, a quantum system can be
observed tomanifest one feature such as the wave or particle nature, depending on the measurementsetup, which is chosen after
the system itself has already entered the measuring device;hence its behaviour is not predetermined. Here we adapt this
paradigmatic scheme tomulti-dimensional quantum walks. In our experiment, the way in which a photon interfereswith itself in
a strongly non-trivial pattern depends on its polarization, which is determinedafter the photon has already been detected. This is
the first experiment realizing a multidimensionalquantum walk with a single photon source and we present also the
firstexperimental simulation of the Grover walk, a model that can be used to implement theGrover quantum search algorithm

IG-02*

Observing Detection-dependent Multi-photon Coherence Times

RA Young-Sik, TICHY Malte1, LIM Hyang-Tag, KWON Osung, MINTERT Florian2, BUCHLEITNER Andreas2, KIM YoonHo
POSTECH, Physics. 1University of Aarhus, Department of Physics and Astronomy. 2Albert-Ludwigs- Universitat,
Physikalisches Institut.
The coherence time of a single photon is an important parameter in multi-photon quantum interference and is determined by the
photon generation process and the bandwidth of spectral filtering. We present an unusual four-photon quantum interference
experiment in which the coherence time, defined by the width of the quantum interference signal, is determined by the way the
four photons are detected. It is found that the detection-dependent coherence times are a characteristic trait of the generic multiphoton quantum interference.

1

IG-03*

Nonclassical Narrowband Biphoton Generation from a Cold Rubidium Ensemble

PARK Kwang-Kyoon, CHO Young-Wook, LEE Jong-Chan, KIM Yoon-Ho
Pohang University of Science and Technology, Department of Physics.
We report the generation of nonclassical narrowband photon pairs via the spontaneous four- wave mixing process in a cold
Rubidium (87Rb) cloud prepared in a magneto-optical trap. The generated photon pairs exhibit strong violation of the CauchySchwarz inequality by a factor of 625 ± 45, confirming nonclassical correlation between the photons. The biphoton wave
packets, measured for several different experimental conditions, are in good agreement with the theoretical results.

IG-04*

Experimental Implementation of an Approximate Transpose for Qutrit Systems

LIM Hyang-Tag, KIM Yong-Su, RA Young-Sik, BAE Joonwoo1, KIM Yoon-Ho
Pohang University of Science and Technology, Department of Physics. 1National University of Singapore, Center for Quantum
Technologies.
Although important for detecting entanglement, the transpose operation cannot be directly realized in laboratory because it is a
nonphysical operation. It is, however, possible to find an approximate transpose operation using the method known as the
structural physical approximation (SPA); recently, SPA-based implementations of the transpose and partial transpose have been
demonstrated for a single-qubit [Phys. Rev. A 83, 020301(R) (2011)] and an entangled two-qubit system [Phys. Rev. Lett. 107,
160401 (2011)]. In this work, we expand SPA-transpose to a three-dimensional quantum system: a qutrit. The photonic qutrit
state is encoded in the polarization, and path degrees of freedom of a single-photon and the SPA-transpose operation, which is
based on measurement and preparation of quantum states, is implemented with linear optics. Our work paves the way toward
entanglement detection for higher-dimensional quantum systems.

2

IG-05*

Evidences for Niels Bohr’s fluidic surface oscillation theory: surface mapping and resonance
mode dynamics of an asymmetric liquid microjet cavity

MOON Songky, SHIN Younghoon, KWAK Hojeong, KIM Soyun, AN Kyungwon, YANG Juhee1, LEE Sang-Bum2
School of Physics and Astronomy, Seoul National University. 1Russia Science Seoul, Korea Electrotechnology Research
Institute. 2Korea Research Institute of Standards and Science.
Niels Bohr at the age of 23 developed a nonlinear theory for surface oscillation of a fluidic jet, surpassing the linear theory of
Lord Rayleigh and Sir H. Lamb. His theory predicts a universal relation between the normalized amplitudes h1 of quadrupolar

and h2 of octapolar components: h2=(5/12)h12. In this study, we present evidences supporting Niels Bohr’s prediction. By using
the non-destructive surface mapping technique based on forward diffraction, we obtained the coefficient of the above relation to
be 0.42±0.08, agreeing well with the theoretical prediction within the experimental error. Moreover, wave calculation of
resonance modes in a two-dimensional dielectric cavity with the aforementioned boundary shape well reproduced the observed
mode spectrum including mode dynamics, avoided crossing gaps and the position of the exceptional point only when the
coefficient was set as 0.42±0.01.
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IG-07

Terahertz Beat Frequency Generation from Two-mode Lasing Operation of Coupled

Microdisk Laser

SHINOHARA Susumu2,
. 1
. 2NTT Corporation.
We propose a coupled microdisk laser as a compact and tunable laser source for the generation of a coherent continuous-wave
terahertz radiation by photomixing. Using the Schrödinger–Bloch model including the nonlinear effect of active medium, we
find single-mode and two-mode lasings depending on the pumping strength. We explain the transitions of lasing modes in terms
of resonant modes that are the solutions of the Schrödinger–Bloch model without active medium and nonlinear interaction. In
particular, a two-mode lasing is shown to generate a terahertz oscillating frequency originating from the light beating of two
nearly degenerated resonant modes with different symmetries.
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Terahertz Nano Antenna Enabled Phase Transition Temperature Shift on Vanadium

Dioxide
,
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We study terahertz transmission through nano-patterned vanadium
dioxide thin film. It is found that the patterning allows the lowering of the apparent transition temperature. For the case of the
smallest width nano antennas, the hysteresis curves completely separate themselves from their bare film counterparts, by as
many as ten degrees. This lowering of hysteresis comes from the enhanced effective dielectric constants by nano antennas. This
phenomenon newly opens up the possibility of phase transition engineering of novel materials, through metamaterial approach.
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,

Measurement of Large Optical Transmission Matrices of Complex Media

YU Hyeonseung, PARK YongKeun
KAIST.
We measured the large optical transmission matrix (TM) of a highly disordered medium. Light transport in disordered media
can be related by a TM; the incident wave-field impinging upon a disordered medium and its transmitted speckle field are
linearly related by the elements of the TM. The input wave-fields are given by plane wave illumination with varying incident
angles modulated using a 2-axis galvanometer mirror. The transmitted fields are measured using polarization-sensitive, full-field
Mach-Zehnder interferometry. The number of input and output modes of the measured TM is set larger than the total number of
modes resolved in the illuminated area of the sample to cover full optical information of the medium. We compared the
eigenvalue distribution of the measured TM with the theoretical prediction by random-matrix theory. The deviation from the
theory is observed due to the experimental limitation imposed by the numerical aperture of the system. The similar results from
the reflection matrix measurements of scattering media are further discussed.
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Temporal contrast enhancement of high-power femtosecond laser pulses by using two
saturable absorbers
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Field-dependent ferroelectric domain wall motion in MgO doped stoichiometric
lithium niobate crystal
,

1,

1,

2

,
. 1
,
. 2
,
.
Magnesium oxide doped stoichiometric lithium niobate (MgO:SLN) is a widely used substitute for congruent lithium niobate
(CLN) in the field of application of high-power quasi-phase matched (QPM) device due to its high photorefractive-damage
resistance and low coercive field. However, the MgO:SLN has different characteristics from CLN for domain switching.
Accordingly, the rigorous understanding of domain wall motion and morphology with respect to applied field is required for
fine-structured QPM device fabrication. A precise measurement of sidewise domain wall velocity was performed with a small
single hexagonal domain of MgO:SLN in low-field range. The field-dependent wall velocity was fitted well both in the lowfield range by Merz’s law and in the whole field range by our empirical function. Domain wall shape was also observed with a
corner of 120° in the hexagonal domain. The asymmetric in-out domain shape in low field was observed and lattice interaction
could be estimated on the basis of simple Ising-model dependent on effective interaction range.
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Multimodal nonlinear optical microscopy with coherent anti-Stokes Raman scattering
(CARS), two-photon excitation fluorescence (TPEF), and second harmonic generation (SHG) microscopy for
biomedical tissue imaging
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Perfect absorption in ultrathin film of indium tin oxide

BADSHA ALAMGIR, KIM Jin Joo, HWANGBO Chang Kwon
Department of Physices, Inha University.
In this report, we investigate the total absorption phenomena in response
of ultrathin film of ITO in bilayer configuration of Fig. 1(a) and ATR
geometry. The solution of zero dielectric constant characterizes the ENZ
material property with complex frequency. It is observed that the εim part
is solely effective in high absorption. The electric field confinement
inside the ENZ material is high because of the electric field continuity condition at zero value of electric permittivity and high
admittance for ultrathin thickness effect. (b)AgITOAir(a)(c)We derived the absorption spectrum equation of the ENZ thin film
on perfect electric conductor using the transfer matrix and admittance matching condition. It is found that for perfect absorption
the intrinsic damping should be same as the radiation damping from the absorption spectrum and so the critical coupling
condition for coherent perfect absorption (CPA) is derived. The calculated numerical and analytical absorptions spectra of ITO
thin film of 35 nm thickness are shown in Fig. 1(c) as a function of incident angle. In Fig. 1(b) the 2D absorptance spectra are
represented with the corresponding CPA and incidence angle and show clearly the shift of CPA to lower wavelength as the
incidence angle increases from 45 to 850. In summary we have shown that the CPA is found in the very thin thickness 35 nm of
ITO film, which is only 2.4% comparison with the ENZ wavelength and also at ATR geometry. This ITO thin film is deserved
to be an ENZ material in near infrared wavelength region
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Study of Phosphor Layer Thickness in Phosphor-Converted White LED Fabricated by
Using Closed Remote Method

JEONG Junho, HAN Sangwook, SHON Jiwon
Dong-A University.
White light-emitting diodes (WLEDs) have attracted great attention for their long life time, high luminous efficiency, and
environmentally friendly sources. To obtain high luminous efficiency, phosphor-converted WLEDs have been studied with
various fabrications. the phosphor-converted WLEDs have three different methods, slurry, conformal, and (open, closed) remote
method. Although they have their unique advantages and disadvantages for making the phosphor-converted WLEDs, companies
are trying to obtain the new remote method condition like the slurry method because the remote method is the highest luminous
efficiency among them, it needs to obtain the optimum thickness of phosphor layer for higher luminous efficiency. Therefore, in
this experiment, the optimum of the distance between the LED chip and phosphor layer according to the optimum of phosphor
thickness in the closed remote method will be reported.

P1-I023

Measurements of Refractive Index and Height profile of Micro-optical element using DHM

and liquids
,

,

1

KPS. 1
,
.
In recent years, molded plastic optics have been advocated as the optimal answer for high-volume manufacturing of precision
lenses. Plastic optics have cost and performance benefits as compared to ground and polished glass optics [1]. Configuration
flexibility is especially useful in systems that can use aspheric lenses to simplify system design and reduce pats count, weight
and cost. In molding process, the gradient temperature in mold cavity influence to refractive index change in lens. Change in the
refractive index of an optical material lead to different in the optical path length and therefore to wave-front error. Knowledge
of the refractive index and profile of plastic optical component is very important. To get the refractive index, numerous methods
have been presented. However these methods depend on scanning or moving mechanism for determining position and making
full-field measurements. Additionally, the processing, acquiring the refractive index for unknown thickness or curved surface of
optical components, are relatively cumbersome and time consuming. For directly measuring full-filed refractive index of optical
components, digital holographic microscopy (DHM) is proposed. DHM uses transmission and reflection set-up to record the
transmission or reflection waves from optical elements. The reflective index of profile of an element can be extracted from the
path difference between object wave and reference wave. Therefore, rapid full-field measurements and direct observation of
spatial refractive index profile of optical elements can be made.In this study we used DHM and liquids for determining the
refractive index and curvature of optical component. After measuring some holograms, we calculated the refractive index of the
samples using the phase difference between the holograms. The measured indexes represented the refractive values and
refractive index distributions of the sample.

19

P1-I024
,

Hollow Core Photonic Crystal Fiber
,

,

.
Hollow Core Photonic Crystal Fiber(
Fiber
.
.
HCF

HCF)

Photonic Crystal Structure
.

HCF

.

Beating
.

P3-I025*

Broadband Modulation of Terahertz Waves with Non-resonant Graphene Meta-devices

,

,
,
,
,
,
.
We demonstrate a meta-atom hybridized graphene, where the effective
surface conductivity or effective Fermi level of graphene can be
significantly increased by hybridizing with a non-resonant meta-atom
structure. As a result, large intensity modulation of transmitted terahertz
waves is demonstrated without sacrificing the broadband modulation
feature of single-layer graphene. We anticipate that this electrically controlled graphene metamaterial may play an important
role in the fabrication of practical terahertz modulators.
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Quantum Dots

Cross-correlation of a pair of Femtosecond Pulses by Two-photon Fluorescence in CdSe/ZnS

KIM Inhong, PARK Sungho1, KYHM Kwangseuk2
Department of Physics, Pusan Nat’l University. 1Interdisciplinary Graduate School of Cogno-Mechatronics, Pusan Nat’l
University. 2Department of Physics Education and Interdisciplinary Graduate School of Cogno-Mechatronics, Pusan Nat’l
University.
The characterization of the temporal profile of an ultrashort laser pulse is the basis of laser optimization and measurement[1].
For the characterization, the autocorrelation techniques of second harmonic generation (SHG) or two-photon absorption are
used. The interferometric autocorrelation technique by two-photon absorption is more advantageous compared to conventional
nonlinear crystal-based technique, which has several limitations such as phase matching and dispersion problem[2]. As the
autocorrelation function provides the information of coherence between two temporally overlapped pulses, we have investigated
the fluorescence of CdSe/ZnS quantum dots using the interferometric autocorrelation by two-photon absorption. The
interference fringes caused by correlation between fluorescences are detected by photodiode and spectrometer. References [1]
C. Rulliere (Ed.), Femtosecond laser pulses, Springer, Berlin, 1998. [2] J. Dai, H. Teng, and C. Guo, Opt. Commun. 252, 173178 (2005).
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P3-I033

Photochromic Reaction in Diarylethene-doped Polymeric Thin Film

WU Yang, KIM Sun Il, KIM Eunkyoung1
Pukyoung National University, Department of Physics. 1Yonsei University, Chemical & Biomolecular Engineering.
Diarylethene-doped polymeric film samples were prepared in ten micrometer thickness by spin coating method. Upon
irradiating UV of 365 nm wavelength, color change was observed in red color. By measuring spectral response with UV-visible
spectrometer, the peak change was noticed at 525 nm band. By exposing of laser beam of 515 nm wavelength, the sample was
bleached. With the two light sources, colored(ring-closed) state and bleached(ring-open) state were reversed and well repeated.
Transmittance of the sample was measures by exposure of laser beam of 515 nm wavelength. The dynamics of the bleaching
was analyzed by fitting experimental data to theoretical model.

P3-I034*
,

,

Interferometric Measurement of Field Enhancements in One Nanometer Gaps
,

.
We studied the field enhancement of a few nanometer sized gaps on a gold (Au) film at wavelength of 800 nm. According to the
Kirchhoff integral theorem, near field enhancement can be estimated through the far field transmission measurement. When the
size of the gap is decreased down to a few nanometers, the amount of transmitted light through the sample becomes comparable
to the light through the bare Au film. In this case, it is important to know the phase difference of electric fields between the gap
side and the Au film side for determination of the near field enhancement on the gap. In this work, we handled the phase
problem from the interference experiments and estimated the field enhancement factor for various gap sizes.
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P3-I035*

Superresolution Imaging using Induced Optical Fluctuation

KIM Min-Kwan, PARK Chung-Hyun, PARK YongKeun, CHO Yong-Hoon
Department of Physics and Graduate School of Nanoscience & Technology (WCU), Korea Advanced Institute of Science and
Technology (KAIST).
Resolution in conventional light microscopy is fundamentally limited by Abbe’s law of the diffraction barrier. In order to get
resolution image with a higher resolution, several super- resolution methods have been proposed. Among them, superresolution
optical fluctuation imaging (SOFI), recently proposed by T. Dertinger et al [1], uses the higher-order statistical analysis of
independent temporal optical fluctuation induced by blinking phenomena in individual fluorophores. However, due to the
uncontrollable blinking of fluorophores, there exist limitations in using SOFI for some applications, including the limitation of
available blinking florophores for SOFI and the requirement for a high-speed camera, and low signal-to-noise ratio.To solve
these limitations, we propose a new approach - SOFI combined with random illumination - for using illumination-induced
optical fluctuation instead of blinking of individual fluorophores. Since this method uses the illumination-induced optical
fluctuation, we can control the optical fluctuation otherwise uncontrollable in SOFI, overcoming the practical limitations of the
conventional SOFI. we present the possibility of random illumination for applying SOFI and high resolution image using SOFI
with random illumination.

P3-I036

Optical properties of laser lines and fluorescent spectrum in cholesteric liquid crystal laser

JEONG Mi-Yun, CHUNG Ki Soo, WU Jeong Weon1
,
. 1
,
.
Polymerized wedge liquid crystal laser array were fabricated with RMS08-061 and RMS08-062, and verified the high fine
spatial tunability of the lasing wavelength, with resolution less than 0.3 nm in a broad spectral range. The polarization state and
efficiency of the generated laser lights and fluorescent spectrum were studied. And for practical device applications, the stability
of liquid crystal laser array was studied over time and in response to strong external light sources and thermal perturbation.
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P3-I037*

Stimulated Carrier Depletion by Surface Plasmon Lasing in Metal/Semiconductor

Nanostructure

JEONG TaeYoung, KIM Seunghyun, YEE kiju
Department of physics, Chungnam National University.
Stimulated carrier depletion process in hybrid metal InGaAsP nano-structure was measured by time-resolved two-color pumpprobe spectroscopy using femto-second Ti:sapphire laser (λ=795nm) and optical parametric oscillator (λ=1270nm). The carrier
lifetimes were measured to have two contributions, one term is fast and the other is slower decreased. We believe that the
rapidly decreased term originates from the stimulated emission process. When the pumping power was below the threshold
power, the rapidly decreased term was disappeared with only the slow decay term remained. As the power was increased further
above the threshold, the rapidly decreased term has become clean and dominant.
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P3-I039*

Sub-wavelength terahertz spectroscopy of organic materials in micrometer-size metal slits

1,
,
,
Department of Physics, Korea Advanced Institute of Science and
Technology. 1Department of Mechanical Engineering, Korea Advanced
Institute of Science and Technology.
Terahertz time-domain spectroscopy probes an organic material, alphalactose monohydrate, confined in sub-wavelength-scale metal slits.
Experimental measurement shows the strong coupling between the
material’s absorption at 0.53 THz and the polarization state of the
incident wave. The physical origin of the result is the fact that the farfield electric field in Bethe diffraction condition (parallel polarization
case) is originated from the near-field magnetic field distribution, not
from the electric field distribution, within the slits. Therefore the material
strongly interacting with perpendicularly-polarized waves exhibited noninteracting with parallelly-polarized waves when the material was
confined in a sub-wavelength-scale metal slit.

P3-I040
,

Optical measurement of insulator-metal transition in Au/VO2nano-structure
1,
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P3-I041*

Multiple 3-dimensional subwavelength confinement in high refractive index metamaterials

LEE In-sung, YANG Jin-Kyu1, KEE Chul-sik2, LEE Joong wook
Department of physics, Chonnam National University, Guangju 500-757, Korea. 1Department of Optical Engineering, Kongju
National University, Kongju, 314-701, Korea. 2Center of Subwavelength Optics, Korea.
We report on the multiple three-dimensional subwavelength confinement of the electromagnetic waves in terahertz region in
fishbone-shaped metal slot structures. The metallic slots act as metamaterials with unusually high refractive index which is
controllable by a change of structural parameters. Accordingly, the tunability of narrow-band resonance of the electromagnetic
wave in terahertz frequencies can be achieved. The platform composed of the spots with three-dimensional subwavelength
confinement could be useful in realizing highly sensitive imaging.

P3-I042*
structures

Effects of excitation wavelength on terahertz modulation in organic-inorganic hybrid

PARK JungMin, YOO HyungKeun1, KANG Chul1, LEE joong wook
departement of physics, chonnam national university, Gwangju 500-757, Korea. 1Advanced Photonics Research Institute,
GIST, Gwangju 500-712, Korea.
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P3-I043
,

Stability of Plug and Play QKD System using a Double Phase Modulation Method

,
,
,
,
,
.
Many of quantum key distribution systems use a phase modulation method if the communication channel is consisted of optical
fiber. The optical fiber system is difficult to keep the stabilization of the phase because of its shift caused by the environmental
change and the birefringence effect. There were many efforts such as using Faraday mirror, Sagnac interferometer and
frequency shift system to stabilize it. In the poster, we introduce a simple and robust method for polarization independent phase
modulation that is called a double-phase modulation method with polarization sensitive phase modulator (PSPM) in the plug
and play quantum key distribution (QKD) system. The light pulse arrived at Alice is modulated twice before and after it is
reflected by the Faraday mirror. We implement an experimental system with a polarization sensitive phase modulator and verify
the proposed method by observing the more than 95% visibility regardless of the polarization of the signal. Moreover, we also
apply it to plug and play system, successfully.

P3-I045

,

Observation of dynamic quenching of Rhodamine 110 via TCSPC

JUNG Seokhyun, KIM Soo Yong, KIM Sok Won1
KAIST, Department of physics. 1University of Ulsan, Department of physics.
Fluorescence quenching mechanisms of rhodamine 110 were investigated using TCSPC system. We used the TCSPC system to
observe collisional quenching and energy transfer. The TCSPC provides benefits which allowed us to observe fluorescence
quenching without donor concentration dependent. The unwanted effect such as inner filter effect and experimental defeats can
be removed by the TCSPC system so that stable and robust fluorescence quenching analysis was viable. We also introduced
fluorescence quenching based quantification of potassium iodide ion which transferred the two immiscible liquids.
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P3-I049*

Sub-Rayleigh Imaging via chaotic light

,
,
, SCARCELLI Giuliano1
Department of Physics, Pohang University of Science and Technology (POSTECH), Pohang, 790-784, Korea. 1Harvard
Medical School and Wellman center for photomedicine.
We achieved resolution of the image over the Rayleigh limit with incoherent light and correlation measurement. We obtained
result images of the object with sub-Rayleigh features while impossible to reconstruct in the conventional imaging.

31

P3-I050

Tm, Nd, Yb

-

,

,

,

,

.
,
,
Yb, Tm-Yb, Tm-Nd-Yb
,
.
980 nm
PL,
PL, PLE, TR-PL
(Excited-state absorption), CR(Cross- relaxation)

.
CaF2

Tm, Nd, Tm-Nd, Nd-

10
100

, 790 nm
.

,

ESA
.

32

JG-01

/

,
,

.
,

,

,

,

/

,

,

,

,

,
.
.

,

(IAEA)
,

.

,
.

15
AMODS
/
isotope shift, hyperfine structure, autoionization level, electron impact ionization
,
EU FP7
VAMDC (Virtual
. AMODS http://amods.kaeri.re.kr
.

,
Atomic and Molecular Data Centre)

JG-02
,

1,

,
.

1

.2
.

2

.

(CH4)

.
.
.
.
.

1

JG-03
,

KISTI

P-CUBE

,
.
,
,

,

.

,
.
,

(

)

.
KISTI
P-CUBE

JG-04

,
.

Recent Joint Activities of KAERI & GTEC on Atomic Collision Data

(KWON)
(Duck-Hee), (KIM)
(Dae-Soung)1
KAERI, Nuclear Data Center. 1GTEC, Dept. of e-Business.
Our recent research and database activites on atomic collision data will be presented. Photoionization cross sections have been
calculated by noniterative eigenchannel R-matrix method for Be and Mg-like ions which are useful for opacity calculation.
Electron-impact ionization cross sections have been calculated using the flexible atomic code (FAC) for Fe ions and W ions and
compared with available experiments. Our calculated data has been provided on a web DB http://pearl.kaeri.re.kr
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JG-05
National center for standard reference data, Korea Research Institute of Standards and Science.
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Atomic and Molecular Data Research for Plasma Applications

YOON Jung-Sik, DCPP members
National Fusion Research Institute, Data Center for Plasma Properties.
Since the characteristics of plasmas depend strongly on the interactions between plasma particles such as electron, ions, and
neutrals, a well-established atomic and molecular database is needed to understand and produce various types of plasma. Thus,
National Fusion Research Institute (NFRI) started to establish the plasma property DB for fusion and industrial plasma from last
2002. Here we describe our recent data evaluation activities regarding to production of atomic and molecular data that are
needed for modeling plasma in fusion tokamaks and also low temperature industrial plasmas.
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JG-07

Dissipative preparation of phase- and number-squeezed states with ultracold atoms

WATANABE Gentaro, CABALLAR Roland Cristopher F.1, DIEHL Sebastian2, MAKELA Harri3
APCTP, POSTECH. 1APCTP, University of KwaZulu-Natal, University of the Philippines. 2University of Innsbruck. 3Aalto
University.
We develop a dissipative quantum state preparation scheme for the creation of phase- and number-squeezed states. It utilizes
ultracold atoms in a double-well configuration immersed in a background BEC acting as a dissipative quantum reservoir. We
derive a master equation starting from microscopic physics and show that squeezing develops on a time scale proportional to
$1/N$, where $N$ is the number of particles in the double well. This scaling, caused by bosonic enhancement, allows us to
make the time scale for the creation of squeezed states very short. The lifetime of squeezed states is limited by dephasing arising
from the intrinsic structure of the setup. However, the dephasing can be avoided
by switching the driving off and on periodically. We show that this approach leads to robust stationary squeezed states. Finally,
we provide the necessary ingredients for a potential experimental implementation by specifying a parameter regime for
rubidium atoms that leads to squeezed states.

JG-08

Kinetic Phase Transition with Global Coupling in Resonantly Driven Atomic Trap

MOON GEOL, KIM YONGHEE1, HEO MYOUNG-SUN2, AHN DAEGUN, PARK JINA, SHIN SOYOUNG, NOH HEUNGRYOUL3, JHE WONHO
Department of Physics and Astronomy, Seoul National University. 1Quantum Optics Division, Korea Atomic Energy Research
Institute. 2Korea Research Institute of Standards and Science. 3Department of Physics, Chonnam National University.
We present experimental observation and comprehensive theory that address the effect of interaction on the phase transition in
a many-body system, which is far from equilibrium and does not have detailed balance. In the resonantly driven cold atomic
trap, we observe kinetic phase transition (KPT) that is manifested by substantial enhancement of fluctuations, similar to the
first-order phase transition in thermal equilibrium. Moreover, we can control the attractive interaction between atoms trapped in
the coexisting states by adjusting the total number of atoms, which induces shift of the phase boundaries of KPT. The
demonstrated effect is the many-body analog of KPT that was previously predicted and observed in a single driven oscillator.
Our work provides a unique model platform for quantitative study of nonequilibrium nonlinear dynamics in many body
systems.
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JG-09*
,

A “Leakage-free” Two-level Rabi Oscillation in an Equally Spaced Ladder System
,

,
,
.
We report on our study of a spectroscopic method to coherently drive a transition between two levels in a ladder system. When
multiple levels are equally spaced, it is not straight forward to single-out a pair of levels to join a direct Rabi oscillation, since
transitions to the neighboring levels are unwantedly driven due to the degeneracy. A stimulated Raman transition with a large
single-photon detuning from an intermediate level cannot be a good solution because it does not discriminate the two-photon
transition between the two desired levels from non-intended transitions to the neighboring levels in the ladder system. When a
stimulated Raman transition is concerned with a small single-photon detuning, on the other hand, the intermediate state can be
undesirably populated. In this presentation, we show that, by using proper quantization conditions on a single-photon detuning
and Rabi frequencies, one can indeed selectively drive a coherent transition between a pair of levels in an equally spaced ladder
system without populating either the neighboring or the intermediate levels. We also report on our experimental demonstration
of this scheme using optically trapped lithium atoms; with group of Zeeman sublevels of a ground hyperfine level as a ladder
system and a sublevel belonging to the other hyperfine level as an intermediate state. Application of this scheme may include
realization and manipulation of a quantum bit with a pair of Zeeman sublevels or probing its coherence.

JG-10
,

Coherent Population Trapping between Zeeman Sublevels using M1 Interactions
,

,
.
We have measured diverse properties of coherent population trapping
(CPT) between Zeeman sublevels coupled by magnetic dipole
interactions. For this experiment, we use optically trapped lithium and RF
transition between hyperfine levels. A V configuration consists of three
Zeeman sublevels of ground hyperfine states |F, mF> = |2,-2>, |2,-1> and
|1,-1>. A pair of RF sources is used as driving fields. In order to open the
way to decay, we use D1 transition from |2S1/2, 1,-1> to |2P1/2, 2,-2>. Our
scheme is shown in an attached figure. By control of optical trap laser
polarization, we vary the coherence between two states |2,-2> and |2,-1>.
As a result, we can observe populations of three levels in frequency and
time domains under various experimental situations. Furthermore, the
relative phase of superposition state can be controlled and measured by
varying the relative phase of RF fields. All experimental results are well
explained by the time-dependent density-matrix equations.
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JG-11*

Observation of the Negative Mandel Q as Low as -0.5 in the Cavity-QED Microlaser

SONG Younghoon, AN Kyungwon
.
The cavity-QED microlaser exhibits the sub-Poissonian photon statistics even with hundreds of atoms interacting with the same
cavity field. However, Mandel Q values observed so far have been far from the theoretical expectation even though other
experiments in this system have confirmed that the single atom approximation is valid. While the theory predicts a Mandel Q
value of -0.6, the first observed Mandel Q was just -0.128. In this presentation, we report the recent progresses in enhancing the
nonclassicality in the photon statistics. First, we made the atomic velocity distribution as low as 30%. Second, we further
stabilized the cavity to exclude the nonstationary effect on the second order correlation function. Third, we improved the
precision of the time to digital converter, which turned out to be the most crucial part of the Mandel Q measurement system.
With these improvements we were able to observe the Mandel Q as low as -0.5.

JG-12*

Fate of Topology in Spin-1 Spinor Bose-Einstein Condensate

OH Yun-Tak, KIM Panjin, PARK Jin-Hong, HAN Jung Hoon
Sungkyunkwan University.
One of the excitements generated by the cold atom systems is the possibility to realize, and explore, varied topological phases
stemming from multi-component nature of the condensate. Popular examples are the antiferromagnetic (AFM) and the
ferromagnetic (FM) phases in the three-component atomic condensate with effective spin-1, to which different topological
manifolds can be assigned. It follows, from consideration of homotopy, that different sorts of topological defects will be stable
in each manifold. For instance, Skyrmionic texture is believed to be a stable topological object in two-dimensional AFM spin-1
condensate. Countering such common perceptions, here we show on the basis of a new wave function decomposition scheme
that there is no physical parameter regime wherein the temporal dynamics of spin-1 condensate can be described solely within
AFM or FM manifold. Initial state of definite topological number prepared entirely within one particular phase must
immediately evolve into a mixed state. Accordingly, the very notion of topology and topological stability within the submanifold of AFM or FM become invalid.
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KF-01( ) Quantum Oscillations in Q1D Organic Superconductors, (TMTSF)2ClO4 , Under Pressure
in High Magnetic Fields

CHUNG Ok Hee, BROOKS James1, CHOI Eun Sang1
,
. 1Florida State University, NHMFL.
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Optical Aharonov-Bohm Effect in a Single Quantum Ring

KYHM K, KIM H. D.1, TAYLOR R1, NICOLET A. A. L.2, POTEMSKI M2, NOGUES G3, JE K. C.4, OKUYAMA R5, ETO
M5, LEE W. J.6, KIM J. S.7, KYHM J. H.8, LEE E. H.8, SONG J. D.8
Pusan Nat'l Univ. Grad. School of Cognomechatronics/Physics Edu.. 1Univ. Oxford, Clarendon Laboratory. 2CNRS,
LNCMI. 3CNRS, Neel Institut. 4Anyang Univ. Liberal Arts and Science. 5Keio Univ. Physics. 6Pusan Nat'l Univ. Grad. School
of Cognomechatronics. 7Yeungnam Univ. Physics. 8KIST.
Provided that quantum coherence is preserved around a ring structure, the rotating charge was known to give rise to novel
physics, the so-called Aharonov-Bohm (AB) effect. While electric measurements require extremely low temperature of a few
mK, optical version of the AB effect in a semiconductor quantum ring (QR) can be observable near 10 K. As most of the optical
AB effect work were done in size-distributed QRs or Type-II hetero-structures, the quantum coherence of a neutral exciton in
the ensembles was difficult to investigate. In this work, we have clarified the origin of excitonic AB oscillation in a single
quantum ring; asymmetry-induced built-in field interrupts the AB oscillation, but this built-in field can be screened by
increasing the excitation or compensated by applying strong magnetic field. Furthermore, we also observed fractional optical
AB oscillation in biexciton for the first time as a consequence of the Wigner molecular nature, where the two electron
correlation becomes rigid. Those results were reproduced in excellent agreement with our quasi-two dimensional theoretical
model of a QR.

1

KF-03( )
,

High Magnetic Field Studis of Topological Insulators
.

High magnetic field is a good tool to study the peculiar states of condensed matters because of the quantum motion
in magnetic field. In particular, my talk is about the high magnetic field results of three-dimensional topological
insulators, which has sparked considerable interest owing both to their potential use in spintronic devices and in the
investigation of the fundamental nature of topological quantum matter. It has been theoretically provided that these
topological insulators conduct current with almost no resistance along the exterior, while acting as insulators at the
interior. A lot of efforts have been made to detect the signs of electrical current flowing along the surface of
topological insulators. Electrons in a uniform magnetic field follow circular orbits. As the electrons are subjected to
higher and higher magnetic fields, they travel in tighter and tighter orbits, which are quantized, or separated into
discrete energy levels, called Landau levels. In addition to the peculiar nature of the Landau quantization of
topological insulators at high field, the strong positive linear magnetoresistance at high field is observed, which is
well understood as weak antilocalization phenomenon.

KF-04( )

Development of Schizophrenia Disease Early Detection Tool through Cortical Thickness
Analysis of T1-MRI Data
LEE Boreom, MIN Beom Jun, QURESHI Muhammad
.
The analysis of cortical thickness measure of human brain has unveiled many significant properties of it. Many brain diseases
like Alzheimer’s disease and dementia can be correctly diagnosed by carefully analyzing the cortical thickness measure. We are
developing an automatic detection tool for the schizophrenia disease in early stages by analysis of cortical thickness measure of
T1-MRI data of subjects. We have utilized a database of 143 subjects for this study. The subjects are further divided in to four
groups, namely, Control Normal (CNT), Clinical High Risk (CHR), First Episode Psychosis (FEP), and Fully Developed
Schizophrenia (SPR). After measuring the cortical thickness of each individual subject, we have created an average model of the
entire subjects in each group. We will further investigate this result as multimodality comparison of subject’s ages and other
psychometric data to create an effective model for automatic early detection of Schizophrenia disease.
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KF-05( ) Diamagnetic energy shift in InP-GaP effective-mass superlattice under pulsed magnetic
fields

KIM Yongmin, SHIN Yongho, SONG Jindong1, MATSUDA Y.H.2, TAKEYAMA S.2
Dankook University. 1KIST. 2University of Tokyo.

Linearly polarized photoluminescence measurements in pulsed magnetic fields to ~ 50 T were made from
an MBE grown InP-GaP short period superlattice which shows lateral composition modulation. At B=0 T,
two distinguished emission peaks emerged, which are identified as transitions from In-rich-well and Garich-barrier regions. Both transitions not only are strongly linear polarized parallel to the [110] crystal
direction but also show blue- and red-spectral shifts while changing the probe polarizer direction from
[110] to [1-10]. In the presence of magnetic field, two peaks exhibit different diamagnetic energy shifts.
The difference of the diamagnetic energy shift is due to the formation of effective-mass modulation along
the lateral direction within the modulation of the In-rich and Ga-rich regions. Our experimental results
agree well with theoretically calculated parameters of InP-GaP effective-mass superlattice. It was only
theoretically discussed and our experimental results exhibit experimental realization of the effective-mass
superlattice.

KF-06( )

Graphene and Carbon Nanotube Research by Using 60 Tesla Dresden High Magnetic

Field Facilities
.
We have developed setups to safely measure the magneto-conductance (MC) of nano-objects in a pulsed magnetic fields up to
70 Tesla, and have investigated MC of various carbon nanostructures by using high magnetic field facilities in Dresden. For
graphene nanoribbons [1] and trilayer graphenes[2] we focus on the quantum Hall effect and Shubnikov-de Haas oscillations.
As for the MC of semiconducting CNTs, we report the direct observation of the predicted band-gap closure and the reopening of
the gap under variation of the applied magnetic field. We also highlight the important influence of mechanical strain on the MC
of the CNTs [3]. For chiral metallic CNTs, we find a peculiar split MC peak close to the charge neutrality point. Our analysis of
the data reveals that this splitting is intimately connected to the spin-orbit interaction and the tube chirality. Band structure
calculations suggest that the current in the peak regions is highly spin-polarized, which calls for application in future CNTbased spintronic devices [4].
References:
[1] S. Minke, S. H. Jhang et al., Phys. Rev. B 85, 195432 (2012).
[2] S. H. Jhang et al., Phys. Rev. B 84, 161408(R) (2011).
[3] S. H. Jhang et al., Phys. Rev. Lett. 106, 096802 (2011).
[4] S. H. Jhang et al., Phys. Rev. B 82, 041404(R) (2010).
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KF-07( )
,

.

KF-08( ) Angle Dependent Magnetoresistance in a Very High Magnetic Field
.
Various types of magic angle effects occur when the orientation of the magnetic field is changed with respect to the crystal with
low-dimensional electronic structure. Lebed magic-angle resonances have been observed under rotation of the field in the plane
perpendicular to the one dimensional (1D) axis and Danner-Kang-Chaikin oscillations under rotation of the field in the plane
defined by the 1D axis and the normal of the layers. The anomaly observed in the case of field rotation in the layer plane is
called the third angular effect. For a generic direction of the magnetic field, a mixture of aforementioned phenomena can be
observed. On the other hand, Yamaji magic-angle resonances have been observed under rotation of the field in the plain
containing the normal of the layers in quasi-two-dimensional conductors. In addition, an unusually sharp magnetoresistance
peaks develops when the magnetic field lies exactly parallel to the layers of layered materials. Stereoscopic presentation of the
angular magnetoresistance has become a powerful tool to investigate the Fermi surfaces and their reconstruction due to various
origins. Angular magnetoresistance oscillations are generally much more robust than the conventional quantum oscillations and
observed even at relatively high temperature and at relatively low magnetic field. However, my recent study of them under very
high magnetic field revealed new interesting phenomena.
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KF-10( ) Superfluorescence in an Ultradense Electron-Hole Plasma
KIM Ji-Hee, NOE Tim1, WANG Yongrui2, WOJCIK Aleksander2, BELYANIN Alexey2, MCGILL Stephen3, KONO
Junichiro1
Sungkyunkwan University. 1Rice University, Houston TX. 2Texas A&M University, College station TX. 3National High
Magnetic Field Laboratory, Tallahassee FL.
Ultrafast spectroscopy in strong magnetic fields provides a powerful means for studying quantum coherence in many-body
systems. A high magneticfield leads to tunable energy quantization, which in turn results in a substantial enhancement of
densities of states and suppression of scattering. Here, we study superfluorescence (SF), i.e., cooperative spontaneousemission
of ultradense electron-hole plasmas in InGaAs quantum wells in a perpendicular magnetic field up to 17.5 T. We observe SF
both through time-resolved photoluminescence and differential transmission(DT) measurements. We create an ultradense
electron-hole plasma with an intense femtosecond laser pulse, and after a certain delay, an ultrashort burst of coherent radiation
emerges. At the same time, an abrupt decrease in population from full inversion to zero was observed through DT
measurements. As the magnetic field is decreased, the separation between adjacent peaks in the photoluminescence spectrum
becomes smaller, due to the smaller Landau quantization. Hence, as the magnetic field decreases, the number of wavelengths
contained in the SF burst increases. At 0 Tesla, the SF pulses show a continuous line of emission, which can be measured by
time-resolved photoluminescence to show that the photon energy of the emitted light changes continuously with time. We
interpret this result by Fermi edge singularity enhancement of the gain.
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KF-11( )

Challenges of magneto-optics for observing long-range order

,
.
The use of pulsed laser fields to explore light-matter interactions in time-resolved fashion has played a major role in our
understanding of quantum carrier dynamicsin atomic systems. Extensive investigations on quantum optical analogs incondensed
matter and mesoscopic systems have followed. Nevertheless, a variety of well-known strong field quantum optical phenomena
remain for the most part unexplored in semiconductors because they require broadly tuneable excitation sources to selectively
create energy states of solid state `atoms' (excitons) and probe them on time scales faster than decoherence times (typically ps or
less), in combination with high magnetic fields to freeze the motion of `atoms' and controllably tune their energy levels.
Heretofore, the scarcity of spectroscopic capabilities at high magnetic field facilities has limited progress in this area. To enable
these investigations, a group of scientists have recently established a versatile optics facility at the DC High Field Facility of the
National High Magnetic Field Laboratory in USA, with the capability of probing over MIR-to-UV wavelengths range with 150
fs temporal resolution in fields up to 18 T (by using superconducting magnets) or up to 33 T (by using resistive magnets). As an
example of investigations by using magneto-optics, here we introduce the transition of a magneto-exciton state to a magnetoplasma state, leading to formation of long-range order during superfluorescent bursts from magnetically formed "artificial"
atoms.
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,
.

Transport Control of LaAlO3/SrTiO3 Heterointerface via Surface Charge Modification

KIM Haeri, MOON Seon Young1, KIM Shin-Ik1, BAEK Seung-Hyub1, JANG Ho Won2, KIM Dong-Wook
Ewha Womans University, Department of Physics. 1Korea Institute of Science and Technology. 2Seoul National University,
Department of Materials Science and Engineering.
High-mobility and two dimensional conduction at the interface between two band insulators, LaAlO3 (LAO) and SrTiO3 (STO),
has attracted considerable research interest for both applications and fundamental understanding. Recent experimental and
theoretical studies have elucidated roles of electric charge (electrons and ions) in the modification of the transport in the
LAO/STO heterointerface. Kelvin probe force microscopy (KPFM) is one of the best tools for local electrical characterization
because of its versatility and superior resolution compared with other techniques. Here, we have investigated ambient effects on
the electrical properties of LAO/STO by performing transport and KPFM measurements simultaneously. Also we found that
charge writing could cause field-induced desorption and reduction at the oxide surface, depending on the gas environment.
Quantitative comparison of the measured data and those estimated from the several models suggests that no single model can
explain the experimental data.
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KG-09*

Effect of relaxed strain on emission properties of InGaN/GaN multi-quantum wells with
self-assembled Pt nanoclusters

PARK Ah Hyun, LEE Seul Be, SEO Tae Hoon, LEE Gun Hee, SHIN
Gang U, KIM Bo Kyoung, JEONG Hyun Jun, SUH Eun-Kyun
School of Semiconductor and Chemical Engineering, Semiconductor
Physics Research Center, Chonbuk National University.
We investigate the effect of relaxed strain on emission properties of
InGaN/GaN MQWs grown on Pt nanocluster coated sapphire substrate
(PNSS) compared to the InGaN/GaN MQWs grown on flat sapphire
substrate (FSS). The photoluminescence (PL) measurement of
InGaN/GaN MQWs on PNSS shows stronger intensity than that of the
InGaN/GaN MQWs on FSS by factor of 1.4 due to reduction of defect
density and residual strain by self-assembled Pt nanoclusters. Also, we
demonstrated much better luminescence in InGaN/GaN MQWs on PNSS,
revealing reduction of strain-induced piezoelectric field by power dependence PL and higher activation energy by Arrhenius
plot. We believe that the employments of self-assembled Pt nanocluster can efficiently applied to increase the quantum
efficiency through improved crystal quality and internal strain relaxation in MQWs.
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KG-11*

Experimental observation of In-rich cluster in InGaN/GaN Multiple Quantum Wells Grown
on GaN and Sapphire Substrates

JEONG Hyun Jun, JEONG Hyun1, SUH Eun Kyung, JEONG Mun Seok1
School of Semiconductor and Chemical Engineering, Chonbuk National University, Jeonju 561-756, Republic of
Korea. 1Center for Integrated Nanostructure Physics, Institute of Basic Science, Department of Energy Science, Sungkyunkwan
University, Suwon 440-746, Republic of Korea.
Gallium nitride (GaN) and their quantum structures have attracted much attention due to their applications in high brightness
light-emitting diodes (LEDs). however, in In-rich InGaN layer, there are critical problems to grow the epi-layer due to their
immiscibility characteristics between GaN and InN. That is one of reason for green gap in GaN-based LEDs. To overcome the
green gap, the understanding the emission mechanism of In-rich InGaN/GaN multiple quantum wells (MQWs) is very
important. In this study, we report on the emission mechanism of In-rich InGaN/GaN MQWs by using temperature dependent
photoluminescence (TDPL), confocal PL mapping, confocal time-resolved PL (TRPL) mapping, and confocal Raman
spectroscopy. The 5-period InGaN/GaN MQWs are grown by metal organic chemical vapor deposition (MOCVD) on the
sapphire and GaN substrate. The temperature range of TDPL is from 10 to 300 K and 325 nm He-Cd laser are used as excitation
source for TDPL. The excitation source for PL mapping was 405 nm continues wave solid-state laser. For confocal TRPL
mapping, 405 nm pulse laser with 20 MHz repetition rate are used as a excitation source and trigger signal. From those
experimental results, we found that the quantum dot like In-rich clusters make 'S' shape in TDPL and their origin is related to
crystal strain.
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KG-13*

Rotating-frame 1H NMR Study of Hydrogen Donors in ZnO

PARK JUN KUE, LEE Kyu Won, LEE Cheol Eui, NOH S. J.1, KIM H. S.1
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713, Republic of Korea. 1Department of
Applied Physics, Dankook University, Yongin 448-701, Republic of Korea.
Elucidation of the trapping process of the interstitial H (Hi) into the oxygen vacancy (VO), generally taken to take place in
ZnO, and experimental determination of the activation energies remain an important issue. The rotating-frame 1H nuclear
magnetic resonance (NMR) spin-lattice relaxation of two types of the hydrogen donors was well distinguished in a sol-gel
prepared ZnO system, providing a unique opportunity to study the distinct proton dynamics. Our study indicates interconversion
of the interstitial H (Hi). The population of the mobile Hi showed decrease above ~370 K, apparently being trapping into the
oxygen vacancies resulting in the more stable oxygen-substitutional H (HO). The activation barrier for migration of Hi and the
binding energy of HO were found to be 0.27 eV and 0.51 eV, respectively. [This work was supported by the National Research
Foundation of Korea (Project No. 2012034779).]

KG-14*

Layout Design by applying DFM utilizing Etch Dummy Gate Poly to improve the CD
Process Variation of Channel’s Gate Poly
LEE Gwanguk, NAM JeongSik1, KWON Hyuckjoon1
Samsung Institute of Technology, School of Semiconductor Engineering. 1Samsung Electronics, DRAM Design Department.
The semiconductor industry causes a limit in the equipment and process by continuous scale down. To solve such problems
utilizes DFM(Design for Manufacturing) from a design stage. In this paper Channel GP(Gate Poly) without Etch Dummy GP
made by reference. In addition, we made five type of implemented patterns measured using SEM(Scanning Electron
Microscope) equipment. Therefore, we want to know the direction to reduce CD(Critical Dimension) of Channel GP according
to the change of Etch Dummy GP. Through the experiment, we can reduce CD process variation of the Channel GP by getting
effect to take NPE(Neighbor Pattern Effect) and uniform Etching Rate because Etch Dummy GP formed Channel GP direction
(long axis) by increases Pattern Density. Also, using mesh pattern of Etch Dummy GP is reduced the CD process variation by
minimizing Lifting by connecting at mesh pattern both PMOS and NMOS of Etch Dummy GP. The target channel GP’s CD is
measured using SEM equipment. The measured values in 3 Sigma appeared the smallest deviation of 6.29nm in NMOS and
8.15nm is PMOS. When this 3 Sigma is converted to standard deviation, we can get approximately 2nm with CD process
variation. Therefore, using the Etch Dummy GP can reduce CD process variation. It seems to be contributing to device
performance and yield enhancement.
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KG-15
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KG-17

Control Manipulations Of Graphene Oxide Nanostructures With Dielectrophoresis

WANG Jianwei, SUN Jingming, SINGH Budhi1, KIM Gil-Ho
. 1
.
Dielectrophoresis (DEP) has become popular technique in recent years
because it can be used to manipulate micro-or nanoparticles, such as
nanowires, nanotubes, and nanorods between two electrodes in precise
and consistent manner. The assembly of nanostructures depends upon the
DEP parameters such as applied frequency, peak-to-peak voltage (Vpp)
and processing time. Here we report on the assembly of graphene oxide
(GO) nanostructures into microgap electrode for different kind of Vpp/ground combination. The optimized DEP parameters used
for precise positioning of GO nanostructures are, Vpp at 10 V with a processing time of 30 s and frequency 500 kHz. Figure 1a,
b, and c shows the SEM images of the GO nanostructures after the DEP process without ground, with one ground, and with two
grounds, respectively. It has been found the manipulation of the GO nanostructures with excellent linking and high surface-tovolume ratio is observed at DEP with two grounds.

KG-18

Single Electron Spin bound to a Fluorine donor in ZnSe QWs Nanostructures as Qubits for
Quantum information science
, SLEITER, D. J.1, YAMAMOTO, Y.2,
, PAWLIS, A.3
KAIST,
. 1Stanford University, E. L. Ginzton
2
Laboratory. National Institute of Informatics, Japan. 3Universitity of
Paderborn, Department of Physics.
Many proposed schemes for quantum information processing require
scalable and homogeneous localized qubits that can efficiently interface
with single photon flying qubits. Trapped ion qubits are extremely
homogeneous but scalability is inherently difficult due to the need to trap
and cool the ions. On the other hand, semiconductor based qubits e.g.
self-assembled InGaAs quantum dots (QDs) provide a much more
scalable environment but suffer from inhomogeneity due to their wide
distribution in size when grown naturally. Alternatively, single electron
spin qubits bound to individual fluorine donors in ZnSe, embedded in the
QWs-nanostructures possess several potentials as qubits. In particular, the successful fluorine ion-implantation into ZnSe as
active donors provide additional benefits to the epitaxial doping, which combined with nanostructuring can offer viable means
for this system to be truly scalable as a device. Moreover, the single-photon correlation measurement of individual
nanostructures shows a signature of a single-emitter, while the optical pumping experiment under an external magnetic field
demonstrates the ability to initialize and to read-out a single electron spin qubit state. This seminar presents ZnSe:F as an
appealing semiconductor based qubit candidate for quantum information science schemes.

14

KG-19

Lift-off of epitaxial layer upon high-temperature regrowth of porous n-GaN

KANG Jin-Ho, EBAID Mohamed, LEE Seung-Min, RYU Sang-Wan
Department of Physics, Chonnam National University.
GaN based-LED grown on sapphire substrate have inherent problems as the lattice constant and thermal expansion coefficient
between GaN and sapphire. And the presence of sapphire which had thermal and electrical insulating properties does cause
several problems. Therefore, lift-off of a GaN epitaxial layer from sapphire substrate is a critical process for vertical LED. To
develop thermal lift-off (TLO), we study the shape transformation of nano-pores in GaN during high temperature regrowth,
which is significant especially for manufacturing vertical LED process using TLO process.A 2-μm-thick n-GaN (n = 5×1018 cm3) was grown on a sapphire substrate by metal organic chemical vapor deposition (MOCVD). Then n-GaN was
electrochemically etched in 0.3 M oxalic acid at various voltages to produce cylindrical and ramified etching shape of nano
pores. GaN was regrown over both types of NP GaN`s of similar etch depth (~1.4-μm) and the evolution of pore shape was
monitored by scanning electron microscope (SEM). Pores were transformed into circular or spherical voids to reduce surface
free energy. Small and non-aligned spherical voids were formed from the ramified pores while well aligned spherical voids
were made from the cylindrical pores. It seemed that the spherical voids were connected to each others with the growth time. To
obtain GaN film on noting membranes 2-μm-thick n-GaN was regrown over cylindrical NP GaN. Most of voids were coalesced
so that the top GaN layer could be easily lifted-off from the substrate.

KP-01( ) Enhancement of Thermoelectric Properties of PbTe-based Compounds through Nanostructuring and Dopant Redistribution
,

,
,
,
,
.
PbTe has been widely used for electricity generation at mid-temperature range, based on thermoelectric technology. However,
the conventional PbTe showed approximately ZT~1 and therefore had the limited application. Recently, the nano-structured
microstructural features in PbTe and the new concept of the band engineering technology via the specific doping elements open
the new opportunity for the dramatic enhancement of thermoelectric performance of PbTe. In this presentation, we will present
the significant enhancement of the thermoelectric properties of p-type PbTe by doping a transition element and the alkali metals.
Based on the previous studies by ours on PbTe, the effect of each element on the thermoelectric properties of PbTe had been
well investigate. We revealed that the alkali metal was a well-defined and efficient p-type dopants and the transition element
influenced the reduction of the lattice thermal conductivity. As a result of doping of both elements, we have obtained the
sustainability of power factor and the reduction of the lattice thermal conductivity at high temperature, resulted in the dramatic
enhancement of ZT. The value of ZT~1.8 at 723K was obtained and the reproducibility was also confirmed.
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KP-02( )

Enhancing the Thermoelectric Properties of Layered Transition-Metal Dichalcogenides 2HMQ2 (M = Mo, W; Q = S, Se, Te) by Layer Mixing
,
, WHANGBO Myung-Hwan1
,
. 1North Carolina State University.
We explored how to improve the thermoelectric properties of the layered transition-metal dichalcogenides 2H-MQ2 (M = Mo,
W; Q = S, Se, Te) by comparing the thermoelectric properties of hypothetical mixed-layer systems 2H-MQ2/2H-MQ′2, in
which two different layers 2H-MQ2 and 2H-MQ′2 (Q, Q′ = S, Se, Te) alternate, with those of their pure components on the basis
,

of density functional calculations.[1,2] Our study predicts that the mixed-layer compounds MS2/MTe2 (M = Mo, W) strongly
enhance the thermoelectric properties as a consequence of reducing the band gap and the interlayer van der Waals interactions.
The layer-mixing is predicted to be a promising way of improving the thermoelectric properties of 2H-MQ2.[1] Changhoon Lee
et al. Chem. Mater., ASAP (2013).[2] Changhoon Lee et al. Submitted (2013).

KP-03( ) Optimal carrier concentration in thermoelectrics
PEI Yanzhong
Tongji University, School of Materials Science and Engineering.
Due to the strong coupling effect between the Seebeck coefficient, resistivity and electronic thermal conductivity, an
optimization on carrier concentration is required to realize the maximum available figure of merit in thermoelectric materials.
Under the favorable carrier scattering by acoustic phonons, the current work obtains an approximate (m*T)1.5 dependence on the
optimal carrier concentration for a peak power factor and similarly for figure of merit, zT, where m* is the density of state
effective mass and T is the temperature. Such a simple temperature dependence provides an effective approach for designing the
carrier concentration for a peak zT or a peak average zT in a wide temperature range through carrier concentration grading.
Furthermore, engineering m* versus T helps stabilize the temperature dependent optimal carrier concentration, enabling a
significant enhancement on the average zT without actual carrier concentration grading. This work demonstrates a practical
guide for fully optimizing thermoelectric materials in the entire temperature range. The principles used here should be equally
applicable to other thermoelectric materials.
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KP-04

Enhanced Thermoelectric Properties of p-type Quaternary AgxBi0.5Sb1.5-xTe3-x Alloys
Prepared by Hot Pressing
,

,

1,

.

1

1

.

KP-05( ) Abnormal thermoelectric properties in copper selenide
SHI Xun, ZHANG Wenqing, CHEN Lidong
Shanghai Institute of Ceramics, Chinese Academy of Sciences.
Solid-state thermoelectric technology uses electrons or holes as the working fluid for heat pumping and power generation and
offers the prospect for novel thermal-to-electrical energy conversion technology that could lead to significant energy savings by
generating electricity from waste industrial heat. The key to the development of advanced TE technologies is to find highly
efficient TE materials. In current commercial materials, the zTs are limited to values around unity. Recently, several novel
concepts have been proposed to enhance the efficiency of TE materials and laboratory results suggest that high zT values can be
realized in several families of bulk materials. In this presentation, the thermoelectric properties of bulk copper chalcogenides
(Cu2-δX) are reported in a wide temperature range, where X could be S, Se, or Te. We will show these materials possess
extremely abnormal thermoelectric properties with very low thermal conductivity and good thermoelectric figure of merit. In
particularly Cu2-δSe is taken as an example to demonstrate the abnormal properties of the low temperature phase, the high
temperature phase, and the transition states during the phase transitions. The physical mechanisms behind these abnormal
thermoelectric properties will also be discussed to show the possibility of realization of ultrahigh thermoelectric figure of merit.
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KP-06*

Thermoelectric Properties of the Pt silicide/silicon Laminate Structured p-type Devices.

CHOI Wonchul, JUN Dongseok1, KIM Soojung2, JEON Hyojin2, SHIN Mincheol, JANG Moongyu2
KAIST. 1ETRI. 2ETRI, UST.
Electric and thermoelectric properties of silicide/silicon laminate structured devices were investigated with the variation of
silicide/silicon layer numbers from 3 to 12 layers. For the fabrication of silicide/silicon laminate structure, Pt and Si layers are
repeatedly sputtered on the Si substrate and rapid thermal annealing is carried out for silicidation. Our devices show ohmic
current-voltage (I-V) characteristics. The Seebeck coefficient of bulk Si is 195.81 μV/K at 300 K, whereas the 12 period of
silicide/silicon laminate structured device has 201.81 μV/K of Seebeck coefficient. As the temperature increases to 400K, the
Seebeck coefficient is 237.29 μV/K and 277.07 μV/K for bulk and 12 layers device, respectively. Finally, the temperature
difference between hot and cold region of bulk and 12 layers device are compared for the comparison of thermal conductivity.
At 400K, the thermal conductivity is reduced by about half of magnitude compared to bulk device.
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KP-08( ) Nanostructured Bulk Thermoelectric Materials for Enhanced Performance
,
.
Upon confronting present energetic and environmental challenges, the global need for utilizing exhausted waste heat has been
accelerated. In effect, thermoelectric materials are gathering a great interest as a potential alternative energy source because of
their capability of direct energy conversion between heat and electricity. The increase of thermoelectric efficiencies is one of the
main challenges of our scientific community. The performance of a thermoelectric material is assessed with the figure of merit
ZT defined as (S2σ/κ)T; where S is the Seebeck coefficient (or thermopower), σ electrical conductivity, κ thermal conductivity,
and T is the temperature. Recent theoretical and experimental studies show that the use of thermoelectric materials comprising
nanostructured components increases ZT relative to that of the bulk counterparts of these materials. Minimizing thermal
conductivity while maintaining the electrical conductivity is the key point in formation of nanoscaled or nanocomposite
thermoelectric. Controlling the size and content of the nanoscale constituents within the bulk materials is especially important to
achieve high ZT. Thus, new routes for the preparation of these components as nanoscale powders are essential for incorporating
them as nanoscale constituents of the bulk materials. In this presentation, an overview of recent advances in the development of
high performance nanoscaled thermoelectric materials, especially nano-engineering in Bi2Te3 based materials, is presented.
Recent results on Bi2Te3 based nanocomposites prepared through several novel approaches to fabricate nanoscaled bulk
thermoelectric materials and their theoretical investigation of thermoelectric properties are presented.

KP-09( ) Ballistic to Diffusive Crossover of Heat Flow in Graphene Ribbons
BAE Myung-Ho
Korea Research Institute of Standards and Science, Daejeon, Republic of Korea.
Much progress has been achieved in our understanding of electrical transport in two-dimensional (2D) devices comparable in
size to the electron mean free path (mfp). However, few developments exist in a similar understanding of heat flow in 2D
devices with dimensions comparable to the phonon mfp. In this talk, I will present the ballistic to diffusive crossover behavior
of heat flow in graphene. We find that short, quarter-micron graphene samples reach ~40% of the ballistic heat conductance
limit up to room temperature. In contrast, patterning the graphene into nanoribbons leads to a diffusive heat flow regime that is
controlled by ribbon width and edge disorder. Our data and theoretical analysis indicate an intrinsic phonon mfp of ~100 nm in
substrate-supported graphene at room temperature. Manipulation of device dimensions on the scale of this phonon mfp can be
used to achieve full control of their heat-carrying properties, approaching fundamentally limited upper or lower bounds.
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KP-10

Density of State Effective Mass and Related Charge Transport Properties in K-doped

BiCuOSe

LIM Young Soo, LEE Dong Sun1, AN Tae-Ho2, JEONG Mahn, CHOI Hyoung-Seuk, SEO Won-Seon, PARK Cheol-Hee3,
PARK Chan4, PARK Hyung-Ho5
Korea Institute of Ceramic Engineering and Technology. 1Yonsei University, Department of Materials Science and
Engineering / Korea Institute of Ceramic Engineering and Technology. 2Seoul National University, Department of Materials
Science and Engineering / Korea Institute of Ceramic Engineering and Technology. 3LG Chem, Research Park. 4Seoul
National University, Department of Materials Science and Engineering. 5Yonsei University, Department of Materials Science
and Engineering.
We report the enhanced p-type conduction properties in BiCuOSe by doping of monovalent ions (K+) for the first time. As
compared with undoped BiCuOSe, simultaneous increases both in the carrier concentration and the Hall mobility were achieved
in the K-doped BiCuOSe. The origin of the enhancement was discussed in terms of the two-band structure in the valence band
of the BiCuOSe, and the density of state effective masses of the heavy (~ 1.1 me) and light hole (~ 0.18 me) were estimated by
using Pisarenko relation.

KP-11*

Thermoelectric properties of SrTiO3 nano-particle dispersedIndium Selenide bulk

composites
,

,

1,

2,

3,

3

. 1
. 2
. 3
.
We investigated thermoelectric properties of the InSe, InSe/In4Se3 composite via phase sepa-ration, and SrTiO3 (STO) nano
particle dispersed InSe/In4Se3 bulk composites. The compositewith self-assembled phase separation InSe/In4Se3 exhibits signi
cantly increase of electricalconductivity comparing both with InSe and In4Se3 x implying the enhancement of
surfaceconductivity between grain boundaries. The thermal conductivity of InSe/In4Se3 composite isdecreased than those of
InSe. When we employed STO nano particle dispersion in InSe/In4Se3composite, we observed a coherent interface between
nano particle precipitates and InSe bulkmatrix with additional reduction of thermal conductivity.
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P1-K002*

In-depth Analysis of the Fluorescence Enhancement Process of Quantum Dots (QDs) by
Localized Surface Plasmons (LSPs) from Metal Nanodisks for Color-Conversion White QDLED Applications

, ISNAENI Isnaeni,
KAIST,
.
Metallic nanostructures have gained considerable attention and are currently being studied extensively due to their ability to
confine and manipulate light down to nanometer scales. The coupling between the excitons from nanocrystalline quantum dots
(QDs) and the localized surface plasmons (LSPs) produced from metallic nanostructures upon excitation by light can strongly
modify the QD fluorescence and therefore it is possible to design and control the structure to obtain maximum fluorescence
enhancement for a given system of QDs and metallic nanostructures. We present our theoretical and simulation results for the
QD fluorescence enhancement induced by LSPs from silver and aluminum nanodisks, and we present an in-depth analysis of
the enhancement process to allow designing of optimal structure for fabrication of more efficient color-conversion quantum dot
white LED. Metallic nanodisks were chosen in this work due to several advantages. Metallic nanodisks show low absorption in
the blue (440-460 nm) light wavelength. This allows more blue light is available to excite the QDs, with low Ohmic loss. To
obtain high plasmon induced spontaneous emission enhancement of the QDs, we consider two major parameters, i.e. increase in
the radiative decay rate of the QDs (Purcell effect) and the radiative out-coupling efficiency to the far-field, which can be
determined by the efficiency of scattering of QD emission by the metallic nanostructures. In order to achieve the increase in the
radiative decay rate, we carried out simulations for the radiative decay rate as a function of the QD-metallic nanodisk separation
distance and calculated the overall enhancement of radiative decay rate. Furthermore, to achieve high scattering of QD emission
by the metallic nanodisks, their dimensions are optimized by simulation so that the LSP resonance peaks are coincident with the
QD emission wavelength. Finally, we combine the calculations and apply to a large-area array of metallic nanodisk-QD hybrid
structure. Therefore, we show a detailed analysis of the entire enhancement process, from the blue LED emission to the
enhanced QD emission, and present an optimal structure for the given color-conversion white QDLED.
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P1-K004*

WOx-based ReRAM performance using electrode's electronegativity

KIM Jongmin, KIM Duhwan, JO Yongcheol, PARK Wooyoung, KIM Inho, KIM Hyungsang1, IM Hyunsik
,
. 1
,
.
ReRAM (Resistive Random Access Memory), in which resistance state is switched by external electric field, is highly expected
to be the next generation memory device due to its non-volatility, simple device structure, and the easy scale-down possibility.
We fabricated WOx films which show a bipolar resistive switching behavior on Pt substrates using a RF-magnetron sputtering
technique. Al, Cu, Pt, whose electronegativities are different, are deposited as a top electrode. Their electronegativities are 1.61
for Al, 1.90 for Cu and 2.28 for Pt. We investigate resistive switching memory performance including switching time,
endurance, retention. We propose resistive switching time model based on experimental results.

P1-K005*

Novel [CoO/Pd]n/[Co/Pd]m Multilayer Matrix (Frameworks) For Highly Thermal Stability
In Perpendicular Magnetic Anisotropy Features

LEE JaBin, AN GwangGuk, YANG SeungMo, KIM JaeHong, HONG JinPyo
Novel Functional Materials and Device Lab., Dept. of Physics, Hanyang University.
Perpendicular magnetic anisotropy (PMA) features of hybrid [CoO/Pd]2/[Co/Pd]7 multilayer (ML) matrix was studied. The
hybrid matrix was crucial for finding higher magnetic anisotropy energy (7.43 Merg/cc) than that (2.97 Merg/cc) of ordinary
[Co/Pd]7 ML matrix under annealing of 450 C. The x-ray photoelectron spectroscopy confirmed the presence of Co-O bonding
states and annealing dependent oxygen atom diffusion, along with transmission electron microscopy images.
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P1-K006*

Graphene Oxide-based Resistive Switching Memory Behaviors

JE BOCK Chung, AH RAHM Lee, YOON CHEOL Bae, GWANG HO Baek, HEE WOOK Yoon1, HO BUM Park1, JIN PYO
Hong2
Department of Nanoscale Semiconductor Engineering, Hanyang University, Seoul, 133-791, South Korea. 1Department of
Energy Engineering, Hanyang University, Seoul, 133-791, Republic of Korea. 2The Research Institute for Natural Science,
Novel Functional Materials and Devices Lab, Department of Physics, Hanyang University, Seoul 133-791, South Korea.
We demonstrate nonvolatile bipolar resistive switching in graphene oxide (GO) based memory cell, in which GO layer was
easily fabricated using a room temperature spin-casting method. The Al/GO/Al structure showed an on/off ratio of about 102,
and threshold voltages of less than 2 V. In addition, physical properties of GO film were analyzed via the XRD, SEM, and AFM
measurement. Detailed analysis indicates that the bipolar resistive switching may originate from the oxygen migration and
aluminum diffusion. Our study provides an important example for the application to future memory devices.

P1-K007*

Interface-driven dual resistive switching curves in a single Pt/Ta2O5-x/TiOxNy memory cell

AH RAHM Lee, YOON CHEOL bae, GWANG HO baek, JE BOCK Chung, TAE SUNG kang1, JIN PYO Hong1
Department of Nanoscale Semiconductor Engineering, Hanyang University, Seoul, 133-791, South Korea. 1Department of
Physics, Hanyang University, Seoul 133-791, South Korea.
Dual bipolar resistive switching events in simple Pt/Ta2O5-x/TiOxNy and Pt/Ta2O5-x/TiN matrices were studied, in which the
typical switching directions (SD) are initially clockwise (CW). 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 is described with a
bias-dependent oxygen ion accumulation and depletion process at TiOxNy and TiN electrode interfaces.
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P1-K008*

Defect state analysis of solution based ZnO thin film transistor by ultra violet annealing

process

KANG Taesung, KOO Jahyun, KIM Taeyoon, HONG Jinpyo
Department of Physics, Research Institute for Natural Science, Hanyang University.
Electrical and structural features of solution-processed ZnO thin film transistors (TFTs) grown via a zinc ammonia complex
with an ultraviolet (UV) annealing step at processing temperatures below 200oC was studied. The transfer curves for the UVannealed ZnO TFTs, including a 2 order higher on-current magnitude, reveals a negative drift of only -0.66 V in 15 days,
compared with a -9.29 V negative drift of the thermally-annealed ZnO TFTs at 300oC. X-ray photoelectron spectroscopy clearly
demonstrated a significant reduction in non-lattice oxygen vacancies via proper UV annealing.

P1-K009*

Growth and Characteristics of InGaN/GaN Multi-Quantum Wells on Defect-Selective
Etched GaN Layer by Electro-chemical Etching

LEE Seul Be, PARK Ah Hyun, SEO Tae Hoon, LEE Gun Hee, SHIN
GangU, KIM Bo Kyoung, SUH Eun-Kyung
School of Semiconductor and Chemical Engineering & Semiconductor
Physics Research Center, Chonbuk National University..
In this work, we introduced the growth of InGaN/GaN multi-quantum
wells (MQWs) on defect-selective etched GaN layer (DE-GaN) to
improve high quality GaN epilayer using electro-chemical etching, which
is a simple, easy preparation, and low cost method. The average diameter
and depth of nanoporous shaped etch pit are approximately 150 nm and
250 nm, respectively, as shown in SEM image of figure 1(a). Figure 1(b)
show that the photoluminescence (PL) intensity for MQWs on DE-GaN at room temperature was stronger by factor of 3.2 than
that of MQWs on conventional GaN layer due to a reduction of nonradiative recombination centers as threading dislocation.
Also, the high energy shift of PL peak is attributed to the released partial compressive stress in the InGaN active layer by
forming the DE-GaN.
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P1-K010*

Contact properties of Annealed bulk MoS2/metal Junction

JO Yongcheol, LEE Chongha, LEE Jongkyung, WOO Hyeonseok, KIM Jongmin, KIM Inho, PARK Wooyoung, KIM
Hyungsang, IM Hyunsik
Dongguk University.
Contact properties of thermally annealed bulk MoS2 with various metals have been investigated. Pristine bulk MoS2
was annealed with H2 or N2 gas at 300 and 400 °C. Four different metals, Au, Ni, Ti or Al, were fabricated on the MoS2 films
as electrodes using a thermal evaporator. We investigated temperature dependence of current-voltage characteristics in order to
figure out junction properties between MoS2 and metals. Hall-effect measurements at room temperature reveal that MoS2 film
annealed with H2 and N2 gases shows n-type and p-type respectively. Au shows good ohmic contact characteristics from 300 K
to 20 K for all the samples. Non-ohmic I-V curves are observed when Ni, Ti, and Al are used. Quantitative modeling is used to
extract effective potential barriers.

P1-K011*

The Study of Electric and Thermoelectric Properties in N- and P- type Silicon Nanowire
Thermoelectric Devices
KIM Soojung, JEON Hyojin, CHOI Wonchul1, JUN Dongsuk2, JANG Moongyu2
/ UST,
. 1
/ KAIST,
. 2
.
Thermoelectric power devices as energy conversion technology require materials with good electrical conductivity and Seebeck
coefficient but low thermal conductivity. Therefore, the bulk silicon is a poor thermoelectric material which has high thermal
conductivity, ~150Wm-1K-1 at room temperature, giving ZT= 0.01 value [1, 2]. However, it is possible to use silicon as
thermoelectric material if it has low-dimensional structure. In the low dimensional structures, such as various kinds of
nanowires and nanotubes, the thermal conductivity is expected to decrease by phonon scattering elements. And silicon is a
valuable thermoelectric material because it has the abundant amount and it is widely used semiconductor material because of the
high-yield processing.In this study, we evaluated the thermoelectric properties of 50 nm wide silicon nanowires (SiNWs) with
different doping types, length (10um, 40um) and number of wires (1, 6 wires). For the measurement of Seebeck coefficients and
power factor of SiNWs, we fabricated SiNW test structure including micro-heaters, temperature sensors and SiNWs. It takes
advantages of using the semiconductor device manufacturing process, such as photolithography, etching and deposition etc.
SiNWs have 50 nm wide which is smaller than the mean free path of the phonons (~ 100nm) and yet larger than that of
electrons (~ 5nm). The optimized doping concentrations of SiNWs are ~1.2×1020 cm-3 and ~3.5×1020 cm-3 for n- and p- type,
respectively. Thermoelectric properties with variable factors, i.e., wire doping type, length, number and temperature differences
will be discussed.References1. Boukai A I, Bunimovich Y, Tahir K J, Yu J ,Goddard W A and Heath J R, Nature. 451, 168-71
(2008). 2. Hochbaum A I, Chen R, Delgado R D, Liang W, Garnett E C, Najarian M, Majumdar A and Yang P D, Nature. 451,
163-8 (2008)
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P1-K012*

Growth of CZTS crystals and thin films

MAI Duc Luan,

,
.
Copper Zinc Tin Sulfide (Cu2ZnSnS4) crystals were prepared by the melting method by using an induction heating system. The
all elements were put into an ampoule that was heated at the temperature of 600 0C for 24 hours to avoid explosion when
increasing temperature to 800-1000 0C. The CZTS polycrystals were grown by directional freezing through moving slowly the
ampoules. The CZTS thin films were prepared by sulfurization of CZT metal alloy and Cu-Zn-Sn precursors were deposited on
the Mo coated glass substrates by the thermal evaporation. The metal precursors with the different order and composition were
sulfurized by annealing at the temperatures of 585 – 600 0C in H2S at the chamber pressure of 7 Torr. The XRD and Raman
spectroscopy were used to analyze CZTS thin films.

P1-K013*

Electrical And Threshold Switching Properties Of Bi-doped GeSe Chalcogenide Glasses

SEO Juhee, AHN Hyung-Woo1, SHIN Sang-yeol, CHEONG Byung-ki, LEE Suyoun
Electronic Materials Research Center, Korea Institute of Science and Technology. 1Department of Material Science and
Engineering, Korea University.
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P1-K014*

Effect of Capping Materials(Ta, Pt and Ti) and Annealing Temperature of
CoFeB/MgO/CoFeB Magnetic Tunnel Junction on Magnetic Properties

SHIM Hyun-Woo, HONG Jung-Sun, LEE Seung-Eun1, LEE Du-Yeong1, JEON Min-Su1, TAKEMURA Yastaka2, SHIM TaeHun, PARK Jea-Gun*
. 1
. 2SUMCO Corporation.
As a result of recent studies on STT-MRAM, the structure Ta/CoFeB/MgO/CoFeB show high TMR, over 120%. However, the influence of a
capping layer on PMA of CoFeB is not clear. In this study, we investigated the dependence of the performance of MTJs on materials of
capping layer and thickness of CoFeB layer. The pseudo-spin valve structures were stacked with Ta(5nm)/Co20Fe60B20(1.05nm) /MgO
(1nm)/Co20Fe60B20(tCoFeB : 0.9~1.2nm)/Ta, Pt or Ti(5nm) from the substrate side. And the samples were annealed at temperatures ranging

from 250 to 350oC in vacuum. Then we extracted M-H characteristics of all samples using a VSM. In case of Ta, the maximum and minimum
values of Ku were 2.764Merg/cc, 1.995Merg/cc at 275oC, respectively. In Pt case, IMA properties were changed to PMA properties after
annealing. However, the value of Ku sharply decreased from 2.345 to 0.895Merg/cc as annealing temperature increased. In Ti case, the
maximum and minimum values of Ku were 2.063Merg/cc, 1.148Merg/cc at 250oC. In case of Ta and Pt, PMA properties were degraded at

annealing temperature above 350oC, on the other hand, Ti samples show good PMA properties at 350 annealing temperature. In summary,
there was small variation of Ku in Ta and Ti samples, while large variation of Ku in Pt samples on CoFeB thickness. *This work was
financially supported by the IT R&D program of the MOTIE/KEIT [10043398, Fundamental technology development of materials of magnet
resistance change (MR ratio >120%) and tunneling barrier for advanced low power memory device], Republic of Korea.

P1-K015*
efficiency

Effects of surface etching in GaN-based LEDs on electrical property and light extraction

SON Taejoon, YEON Seunghwan, PARK Jinsub
Hanyang University, Department of Electronics and Computer Engineering.
In past two decades, the interest for using the GaN-based light emitting diodes (LEDs) has been grown for various
applications, such as general solid-state lighting, optical storage, and backlight unit for liquid crystal display[1]. The
improvement of light extraction of the commercialized GaN-based LEDs with high reliability is important factor for the
replacement of solid state illumination source such as fluorescent lamp due to the environmental problem and energy excessive
consumption. In addition, to realize the full color display, the achievement of the high performance of visible LEDs of all three
primary colors –blue, red, and green- is essential. Among the three primary colors, green LEDs with InGaN active layer have
relatively lower efficiency compared to the other color LEDs due to green gap effects. It is difficult to obtain the high quality
InGaN active layer with high indium composition due to the composition pulling effects and different evaporation rate of GaN
and InN. Until now, the many efforts have been conducted to improve the light extraction efficiency (LEE) of LEDs by using
photonic crystal, surface roughness, ZnO nanostructure, and vertical LEDs.[2-3] In this study, we report the combination
effects of surface roughness of p-GaN made by chemical etching and ZnO nanorod structures formed on surface roughen p-GaN
on electrical and optical properties of green LEDs. The possible mechanism of the simultaneous improvement of LEE and
electrical properties using the suggested methods will be discussed. References 1.
E. F. Schubert, Light-Emitting Diodes
(2003). 2.
Aurélien. David et al, Appl. Phys. Lett, 88, 133514 (2006).3.
Ming-Kwei Lee et al, IEEE. Photo. Tech, 20, 252
(2008).
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P1-K016*

Effects of Spontaneous Polarization of 4H-SiC on Electrical Properties of Metal/4H-SiC
Junction with Thin Interface Spacer Layer

CHOI Gahyun, JEON Youngeun1, LEE Jung Yong, YOON Hun Han1, PARK Kibog*1
Physics, Ulsan National Institute of Science and Technology. 1Electrical and Computer Engineering, Ulsan National Institute
of Science and Technology.
The current-voltage (I-V) and capacitance-voltage (C-V) curves measured on Au/Ni/Al2O3(3nm)/4H-SiC junctions are
compared with those measured on Au/Ni/4H-SiC junctions in order to investigate the effects of spontaneous polarization (SP) of
4H-SiC on the electrical properties of a metal/4H-SiC junction when a thin insulating spacer layer is inserted at the interface.
The typical I-V characteristics of metal/semiconductor (M/S) contact are observed for the Au/Ni/Al2O3(3nm)/4H-SiC junction,
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 with no spacer layer. The significant shifts observed in both I-V and C-V
curves of the Au/Ni/Al2O3(3nm)/4H-SiC junction imply the increase of the energy barrier at interface with respect to the
Au/Ni/4H-SiC junction. This increase of the interface energy barrier is believed to be due to the negative bound charge at the
4H-SiC surface which is induced from the SP of 4H-SiC. Based on the difference in the C-V extracted interface energy barrier
between the Au/Ni/Al2O3(3nm)/4H-SiC and Au/Ni/4H-SiC junctions, the SP of 4H-SiC is estimated to be fairly close to the
value predicted theoretically.

P1-K017*
graphene layer

Resistive switching memory behavior by Au quantum dots embedded in dielectrics on

SO Joon Sub, LEE Dong Uk, KIM Eun Kyu
Department of Physics and Quantum-Function Research Laboratory, Hanyang University, Seoul 133-791.
A resistive random access memory is one of important next generation memory device for applications in various kinds of
electronic devices such as mobile smart phones, e-paper, and other information technology devices. In this study, we
demonstrated that a resistive switching memory device consisted of Au (QDs) embedded in SiO2 dielectric layer and single
graphene layer. The graphene layer was transfered on the SiO2 (280 nm)/Si substrate by using PMMA coating method after
grown on Cu foil by chemical vapor deposition. The 10-nm-thick first SiO2 layer was deposited on the mono-layered graphene
by using ultra-high vacuum (UHV) sputtering system which base pressure, working pressure, and deposition power are about
1x10-10 Torr, 2x10-3 Torr, and 50 W, respectively. To form Au QDs layer on the surface of first SiO2 layer on the graphene
layer, the Au thin layer was deposited at room temperature by using a thermal evaporator. The nominal thickness of deposited
Au thin layer was about 7 nm. And then, the 15-nm thick of the secondary SiO2 layer was deposited on the Au thin layer by
using UHV sputter. The Au QDs with average size of 10 nm were formed between the SiO2 layers on the single graphene layer
by thin film deposition and post-annealing process at 800 °C for 5 s. The current disabilities due to the carrier trapping in Au
QDs were appeared after applied sweeping voltages. The ratio of low/high resistive states at 1 V was found to be 4.02. After
voltage applied at 50th cycles, the memory effect was showing stability. The resistance switching may be originated from
carrier charging into Au QDs, Poole-Frenkel and tunneling current through modulation of the Fermi level of the graphene layer
by applied bias. The electrical properties and resistive switching mechanism of the Au QDs memory device will be discussed.
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P1-K018*

Fabrication of Polypyrrole/ZnO Hybrid p-n Heterojunction for Photovoltaic Cell

CHOI Jun-Hong, HAN Sang-Hoo, CHO Inche, KIM Do-Hyun1, KUMAR G.Mohan1, PARK Jinsub1
Hanyang University, Department of Electronic Engineering. 1Hanyang University, Department of Electronics and Computer
Engineering.
Hybrid nanostructures made up of organic and inorganic nano-materials have attractive characteristics for a wide range of
optoelectronic applications, such as hybrid and Schottky-type solar cells. In order to fabricate an inorganic-organic hybrid
structure, we selected the zinc oxide (ZnO) and Polypyrrole as a n-type inorganic and p-type organic material,
respectively.Among the compound semiconducting materials, n-type ZnO has been widely used in many applications such as
light-emitting diodes, UV lasers and photovoltaic cells zinc oxide (ZnO) due to the wide direct band gap (~3.37eV) and a large
exciton binding energy (~60meV) at room temperature (RT). In the case of organic material as a candidate for the p-n hybrid
structure, p-type Polypyrrole shows superior properties to any other organic semiconductors in terms of conductivity and
easiness of synthesis at a relative low temperature.In this study, a novel attempt has been made to construct a hybrid p-n
junction for photodiode or photovoltaic related applications using the polypyrrole/ZnO hybrid p-n heterojunction structure
formed by using in-situ chemical deposition and hydrothermal method respectively. To find out the morphology of
Polypyrrole/ZnO structures, the surface and cross-sectional images were taken by using scanning electron microscope (SEM).
The current-voltage (I-V) characteristics of the hybrid structures were measured. Finally, to show the feasibility of suggested pn hybrid structures as a photovoltaic cell, the performances were observed by using solar simulator.

P1-K019*
,

,

Structural and optical properties of antimony-doped tin dioxide thin films

.
Structural and optical properties of antimony-doped tin dioxide thin films
We grew antimony (Sb)-doped tin dioxide (SnO2)
thin films with various antimony doping level by using RF sputtering deposition method The sputtered target was a mixture of
SnO2 and Sb2O3. The content of Sb2O3 added to the SnO2 target was varied between 2wt% and 8wt%. We obtained X-ray
diffraction patterns of SnO2:Sb films. Using spectroscopic ellipsometry, we measured the ellipsometric angles of SnO2:Sb thin
films and obtained the refractive index, extinction coefficient, dielectric function, and optical gap energy. From the dielectric
functions, we obtained the critical points of SnO2:Sb thin film by using the standard critical point model on the second
derivative of the dielectric functions. In this work, we investigated the variation of the optical property of SnO2:Sb thin film as a
function of Sb doping level.
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P1-K020*

Optical Properties of Large Area MoS2 Ultra-thin Films Grown using Chemical Vapor

Deposition

SO Hyeon Seob, PARK Jun-Woo, LEE Hosun, KIM Sung, CHOI Suk-Ho, LEE Jinhwan1, LEE Changgu1
Kyung-Hee University. 1Sungkyunkwan University.
Recently two dimensional materials, such as molybdenum disulfide (MoS2) and graphene, have attracted great attention as
materials to substitute silicon semiconductors. Bulk MoS2 is an indirect band gap semiconductor with a band gap of about 1.3
eV and is built up of covalently bonded S-Mo-S layers that are bound by van der Waals forces. We grew MoS2 ultra-thin films
on SiO2/Si substrate by chemical vapor deposition in large area. The film thicknesses were 1.2, 2.6, and 6.9 nm for N = 2, 4, and
12 layer, respectively. We investigated the optical properties of MoS2 ultra-thin films using Raman and photoluminescence (PL)
spectroscopy, and spectroscopic ellipsometry. Using Raman spectra, we estimated the layer numbers. Using PL, we measured
the A and B excitons. Using spectroscopic ellipsometry, we measured the thicknesses and dielectric functions (e(E)) of MoS2
thin films. From the absorption coefficients, we determined the indirect band gap energies. We found that the indirect band gap
energies decreased with increasing film thicknesses. Applying standard critical point model analysis to the second derivative of
dielectric function, we determined several critical point energies. All the transition energies were compared to optical data and
electronic structure calculations in literature. The d2e(E)/dE2 spectra showed doublet structure for 3 eV peak as well as for 2 eV
peak in PL spectra. The structures in dielectric function spectra were largely independent of layer number
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P1-K023*

Exact and Reliable in-die Overlay Metrology in Nano-scale Semiconductor Device Using
Image Process Method
PARK Jinkook, SHIN Chaeho1, PARK Jeongkyun1, YIM yeny2, LEE
Janghee1, KIM Minkook1, KIM Jungsoo1, JUN ChungSam1, YOO
Jeihwan3, LEE Kyupil1
Samsung Institute of Technology (SSIT), Semiconductor
Engineering. 1Samsung Electronics, Memory Division. 2Samsung
Electronics. 3Samsung Institete of Technology (SSIT).
As a semiconductor pattern size is smaller, overlay margin has become one of the most
important issues in semiconductor process. Therefore, in order to obtain the exact and reliable
overlay value in the semiconductor fabrication facility (fab), implementation of measurement
algorithm and quantization plan for efficient management are required along with understanding about the target structure in semiconductor device. In our study, we
could implement correct and reliable overlay values in nano-scale semiconductor device using image process method. Our new algorithm using image process method
increases the sensitivity of misalignment to 3% compared with the existing tool algorithm. We could also make distributions of overlay misalignment smaller to 19.56%.
Our management system of overlay misalignment could be characteristics in each semiconductor process through correlation analysis using image process method. It is
expected that our study will contribute to consistency researches in in-die overlay with various robust algorithm development and in-line management system.
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P1-K024*

Thermal escape process and Auger coefficient of CdTe/ZnTe quantum dots

MAN Minh Tan,
,
.
Over the past few years, quantum dots (QDs) have been extensively studied and characterized. Some properties of QDs, such as
low threshold current density, high differential gain, ultrahigh temperature stability, and linewidth enhancement factor, enable
its application in electronic and optoelectronic devices such as single-electron transistors, lasers, light-emitting diodes, infrared
photodetectors, and solar cells. For these applications, the study of carrier dynamics in semiconductor nanostructures is very
important in order to improve the photoluminescence (PL) efficiency and performance of optoelectronic devices. The intrinsic
decay of excited QDs is primarily due to electron-hole (e-h) recombination via photon emission, while the dominant cause for
the deactivation of a few e-h pairs contemporarily living into the dot is Auger recombination. The Auger processes are mediated
by strong Coulomb electron-electron interactions in semiconductor QDs. Auger recombination may be strongly enhanced
because of the reduced electron-electron coupling and kinematic restrictions caused by energy and momentum conservation, but
the enhancement may also be due to the phonon contribution to Auger recombination. At present, there are no fully developed
theoretical models that include the effect of phonons on the temperature dependence of Auger recombination in QDs. In this
work, we report the results of experimental studies on temperature-dependent thermal escape and Auger coefficients in
CdTe/ZnTe quantum dots. Temperature-dependent PL measurements were then performed to determine the exciton-phonon
coupling constants and to investigate the thermal escape process, which is assisted by multiple phonons. Using time-resolved PL
measurements at various excitation powers and temperatures, we also determined the Auger coefficient (Ca) and the biexciton
luminescence dynamics. The temperature dependence of Ca indicates that the Auger process is assisted by phonons in the
CdTe/ZnTe QDs.
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Photoelectron spectroscopic investigation of Ti deposited amorphous In-Ga-Zn-O thin film

surface

SHIN Hyun-Joon, KANG Se Jun, BAIK Jae Yoon1
POSTECH, Department of Physics. 1Pohang Accelerator Laboratory.
Amorphous In-Ga-Zn-O (a–IGZO) thin film (~150 nm thickness) was deposited on a SiOx/Si substrate by radio frequency
magnetron sputtering technique at room temperature. Ti layers (1.6 Å, 3 Å, 7.3 Å, 11.1 Å, 22.9 Å) were then deposited by stepby-step process on the a-IGZO surface at an x-ray photoelectron spectroscopy (XPS) preparation chamber. At each Ti
deposition process, Ti 2p, O 1s, In 3d, Ga 3d, and Zn 3d core-levels as well as valence band were investigated by using soft xray XPS. At initial deposition (1.6 Å), Ti4+ oxide was dominant. Lower oxidized Ti (i.e., Ti3+ and Ti2+) phases were formed as
the Ti layer thickness increased, and metallic Ti phase was observed when the thickness was over 11.1 Å. The analysis suggests
that, at earlier deposition stages, Ti atoms attracted oxygen atoms that had bonded with In atoms rather than those bonded with
Ga and Zn atoms. The shallow core level spectra, such as Zn 3d, In 4d and Ga 3d (10 eV~23 eV), showed that In atoms,
compared with Ga and Zn atoms, were diffused out into the Ti deposition layer. At the last deposition stage (22.9 Å), metallic Ti
component (Ti0) was dominant in the Ti 2p spectrum. In the valence band spectra, Ti 4s feature was dominant in the valence
band maximum when the Ti layer was thicker than 3 Å. All the spectra shifted about 0.5 eV towards the lower binding energy
due to a band bending effect.
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Efficient Hydrogen Generation from Solar Water Splitting employing GaN as a Photoanode

EBAID Mohamed, KIM Soo Hee, KANG Jin-Ho, LEE Seung-Min, RYU Sang-Wan
Department of Physics, Chonnam National University.
We present a detailed study on the utilization of various GaN structures for the hydrogen generation from water using solar
energy. The employment of GaN as a photoanode in the photo-electrochemical cell (PEC) showed a superior behaviors in terms
of its stability as well as hydrogen production efficiency. Initially, the doping profile of bare n-type GaN was optimized on the
bases of performance and surface corrosion resistance. After the optimization of its doping profile, n-type GaN was sandwiched
between two layers of undoped GaN to form hybrid photoanode structures. Controlling the thickness of the undoped GaN cap
layer as well as employing n-type GaN with proper carrier concentration led to enhanced photocurrent density at zero bias and
stable water splitting performance along with no surface corrosion. The efficiency of hydrogen generation was further improved
by the band-edge engineering made through the deposition of NiO cocatalyst on the top of these hybrid structures. Stable
surfaces against chemical corrosion and improved photocatalytic activity were achieved after optimizing the fabrication
parameters of NiO. The remarkable enhancement of GaN/NiO photoanode performance was attributed to the efficient charge
separation that led to rapid carrier transportation between the PEC electrodes.
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Si(100)
(FWHM)
van der Pauw

Study on Hall effect and crystal field splitting for ZnGa2Se4 epilayers

HONG Kwangjoon
Department of Physics , Chosun University.
The stochiometric mix of evaporating materials for the ZnGa2Se4 single crystal thin films was prepared from horizontal
furnace. To obtain the single crystal thin films, ZnGa2Se4 mixed crystal was deposited on thoroughly etched semi-insulating
GaAs(100) substrate by the Hot Wall Epitaxy (HWE) system. The source and substrate temperature were 610 ℃nd 450 ℃
respectively. The crystalline structure of single crystal thin films was investigated by the photoluminescence and double crystal
X-ray diffraction (DCXD). The carrier density and mobility of ZnGa2Se4 single crystal thin films measured from Hall effect by
van der Pauw method are 9.63×1017 cm-3, 296 cm2/V·s at 293 K, respectively. From the photocurrent spectrum by illumination
of perpendicular light on the c-axis of the ZnGa2Se4 single crystal thin film, we have found that the values of spin orbit splitting
ΔSo and the crystal field splitting ΔCr were 251.9 meV and 183.2 meV at 10 K, respectively. From the photoluminescence
measurement on ZnGa2Se4 single crystal thin film, we observed free excition (EX) existing only high quality crystal and neutral
bound exiciton (A0,X) having very strong peak intensity. Then, the full-width-at -half-maximum(FWHM) and binding energy of
neutral acceptor bound excition were 11 meV and 24.4 meV, respectivity. By Haynes rule, an activation energy of impurity was
122 meV.
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Enhanced light extraction of Green light emitting diodes via simultaneous ITO texturing
and n-GaN nanorod formation using nano powder
,

,

,

1,

. 1
.
We have fabricated the surface-textured InGaN based Green light
emitting diodes by incorporating a transparent powder onto an ITO
surface and exposed n-GaN surface to improve the light extraction
efficiency by decreasing the total internal reflection and by achieving anangular randomization of the photons. The ITO surface
and exposed n-GaN surface was simultaneously textured using a method known as natural lithography. The nano powders were
coated onto the LED surface as a random mask for dry etching.
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Local bonding effect on the acceptor level of Mg in quaternary AlInGaN alloys

KIM Sunghyun, PARK Ji-Sang1, CHANG Kee Joo
Department of Physics, Korea Advanced Institute of Science and Technology. 1National Renewable Energy Laboratory,
Golden, Colorado 80401, USA.
Over the past few decades, group-III nitrides have received much attention due to their applications for optoelectronic devices.
However, low p-type doping efficiency still remains an obstacle to extend applications to deep ultraviolet wavelengths. The low
doping efficiency is attributed to the high Mg acceptor level, which is about 200 meV in GaN. As the Mg acceptor level tends to
increase as the band gap increases, the p-type doping efficiency becomes even worse in AlGaN alloys. To improve the p-type
doping efficiency, a more comprehensive study for the stability and electronic structure of Mg in nitride alloys is needed.
In this work, we perform first-principles density functional calculations to investigate the local bonding effect of Al and In on
the Mg acceptor level in quaternary AlInGaN alloys. We find a tendency that the Mg dopants prefer to occupy lattice sites with
more Al neighbors, while they avoid lattice sites with In neighbors. On the other hand, hole carriers are generated In- and Garich sites atoms. Therefore, the Mg dopants tend to be spatially separated from hole carriers, similar to the results for ternary
alloys. We suggest that the incorporation of higher Al and lower In compositions will improve the p-type doping efficiency in
quaternary alloys, in comparison with GaN or AlGaN ternary alloys with similar band gaps.
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Comparison of optical properties of GaN nanostructures formed by reactive ion etching and
chemical vapor-phase etching methods

CHO Jong-Hoi, KIM Je-Hyung, CHO Yong-Hoon
,
.
It has been known that fabrication of nanostructures enhances internal quantum efficiency and light extraction efficiency in
semiconductor photonic devices. Howevecer, compared to mature GaAs materials, controlling GaN is still a challengeable task
due to the strong mechanical and chemical stabilities. Inductively Coupled Plasma–Reactive Ion Etching (ICP-RIE) method is
typically used to fabricate nanostructures. However, it could damage to the surface of GaN and degrade the optical properties.
Recently, Our group develop the chemical vapor-phase etching (CVE) method to fabricate high quality GaN nanostructures.[1]
Here, we fabricated the chemically and mechanically etched vertical nanostructures using ICP-RIE and CVE methods, and
compared the optical properties of as-etched GaN nanostructures (Fig. 1). In case of ICP-RIE methods, we coated nanosize
beads as a mask on the 2 μm thick-GaN film grown on sapphire substrate and then etched GaN by using Ar/Cl2 gas to form
tapered nanostructures. In the case of CVE methods, we chemically etched the GaN film using hydrogen chloride and ammonia
gas at high temperature around 900℃. The CVE process effectively forms vertical nanostructures without patterning works, and
eliminates dislocations. Therefore, chemically etchded nanostructures show a high crystal quality, while physically etched
nanostructures have severe surface etching damage. Moreover, we could change the shapes of GaN nanostructures by
controlling experiment conditions. For example, pyramid and needle shaped nanostructures can be observed on a wafer-scale
level in CVE etching process. We also analyzed optical properties depending on the shapes of the GaN nanostructures through
Finite-difference time-domain simulation and experiments. We expect that CVE method will provide effective chemical
controlling methods for GaN nanostructures, and can be applied to the high performance nanostructure optical devices
References[1] J. H. Kim et al. Dislocation-eliminating chemical control method for high-efficiency GaN-based light emitting
nanostructures. Cryst. Growth Des. 12, 1292-1298 (2012).
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Wavelength Tuning of ZnO Nanorod using CdO

KIM Min Su, LEE Ju Bok, KIM Jeongyong
Sungkyunkwan University, Department of Energy Science.
Band gap engineering of nanostructures is of the utmost importance for their tunable applications such as light-emitting diode
and laser diode. We tuned wavelength of single zinc oxide (ZnO) nanorod using simple method. The ZnO nanorods were grown
on a silicon substrate by hydrothermal method and a single ZnO nanorod was detached from the substrate. The single nanorod
was gradually covered with cadmium oxide (CdO) with different mole ratio. Confocal photoluminescence and Raman
spectroscopy were carried out to investigate the optical and structural properties of the single nanorod. Strong ultraviolet (UV)
and weak visible emission were observed at the uncovered part by CdO of the nanorod. From the covered parts by CdO,
however, the wavelength tuning of the UV emission peaks was observed with increasing mole ratio of CdO.
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Sputter Depositions of ZnO and Ga-doped ZnO Thin Films
1

,
. 1
.
Sputter depositions of ZnO and Ga-doped ZnO (GZO) thin films for the transparent conductive oxides (TCOs) were examined
in the O2 reactive gas ambients by using the RF magnetron sputtering system. The ZnO and GZO ceramics for the targets were
prepared by the solid state reaction technique in the reduction gas ambients. The ZnO target and GZO target with Ga 1.0 at.%
substitution were confirmed to be wurtzite structures after the sintering was done in reduction gas ambients. The GZO ceramics
with Ga 5.0 at% substitution seems to have a secondary Ga-based nano-sized structure when the sintering was done in the
reduction gas ambient. The transparent conductive properties of the ZnO and GZO thin films are investigated by using the
RF magnetron sputter depositions comparing the reactive and non reactive gas ambients.
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Syntheis of Carbon Dots using SiC

KAIST,
.
Carbon dots with the size of few~tens nm show unique flourescene properties. Due to these properties, they are expected to be
used as a biosensor or a contrast medium. Annealing Silicon Carbide(SiC) method is commonly used to produce graphene, but
it was not a common method for synthesizing carbon dots. In this study, not commonly, both annealing SiC and etching SiC
with hydrogen gas methods were used to synthesize carbon dots with 5~10nm size.
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Thickness dependence for the Cd1-xMnxTe thin films grown by the magnetron co-

sputtering.

AHN Heejin, UM Youngho
Department of Physics, University of Ulsan 680-749.
Cd1-xMnxTe thin films were prepared by co-sputtering of CdTe and Mn targets on soda-lime glass substrates at various
thickness. The sputtering powers of the CdTe and Mn targets were fixed at 75 W and 65 W, respectively, and the influences of
the substrate temperature on the structural properties of the deposited thin films were investigated. The structural parameters,
such as the lattice constant, crystallite size, and strain, were calculated for various substrate temperatures. All the films showed a
polycrystalline nature, and the X-ray diffraction showed that the lattice constant decreased from 6.517 Å to 6.346 Å with
increasing substrate temperature. Also, the strain decreased from 12.955 10-3 line2m-4 to 2.113 10-3 line2m-4 with increasing
substrate temperature. From the absorption measurements, the bandgap energy increased from 1.847 eV to 1.876 eV with
increasing substrate temperature which may be attributed to increase in Mn mole fraction.
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We investigate the properties of InGaN-based vertical-type solar cells
having wavelengths ranging from the UV to green regions. It is well
known that InGaN-based solar cells require a high indium composition to
obtain high conversion efficiency. However, although InGaN-based solar
cells with a high indium composition have been fabricated, their
conversion efficiency has not sufficiently increased. Therefore, to further
understand carrier transport, we measured the bias-dependent external
quantum efficiency. For vertical-type Green solar cells with a high
indium composition, we confirmed they have a higher short circuit
current than other samples tested due to their broader overlapping region
with the solar spectrum, though their fill-factor remained low due to their
high barrier height and strong piezoelectric field, which cause a reduction
in the carrier tunneling rate.
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Investigation of ferromagnetism in p-type Li doped ZnO thin film: Zinc vacancy in the

system

LI Guojie, LEE Joo Hyun, KIM Saes Byul, PARK Sung Wook, JEONG Jung Hyun, CHOI Byung Chun
Department of Physics, Pukyong National University, Busan 608-737, Korea.
We report the structural, electric and magnetic properties of ZnO:Li thin films for 2%, 5%, 8% and 10% thin films which were
prepared on Pt(111)/TiO2/Si/SiO2 substrates by pulsed laser deposition. Lattice parameters and Zn-O bond lengths are
calculated from X-ray diffraction (XRD) results. The 8% ZnO:Li thin film show room temperature ferromagnetism and the
hysteresis loop is observed. In particular, The native point defects in ZnO (such as Zni, Vo, Vzn) and Li-relative defects ( Lii and
Lizn) are analyzed by X-ray photoelectron spectroscopy. Defects Zni and Vo give indirect evidences, while the
photoluminescence results show circumstantial proof of the existence of Vzn, LiZn and VZn play a vital role in p-type films and
ferromagnetism, respectively. Moreover, the Hall Effect results also corroborate the formation and stabilization of efficiency
factors and thus stabilizing the p-type ferromagnetism predicted for cation vacancy in ZnO thin film.

P4-K053

GaN and AlGaN Quantum Dots from Droplet Epitaxy by Metal Organic Chemical Vapor

Deposition
,

,
/
.
Self-assembled formation of quantum dots has generated tremendous
excitement in semiconductor research as a unique way to prepare zerodimensional electronic systems as artificial atoms. Due to the large
disparities in bond lengths among the constituent binary compounds (11%
between InN and GaN, 2.4% between AlN and GaN), the AlGaInN
family is another system that has witnessed fascinating science and
technology related to strain-driven formation of nanostructures. The
presence of indium-rich nanoclusters such as InGaN quantum dots is
responsible for preserving the injected carriers from being consumed nonradiatively by a very high density of dislocations. The benefit of indiuminduced carrier localization increases with In content up to about 30%,
beyond which the crystalline quality starts to deteriorate. Int this
work, contrary to the modern epitaxial approach in making solid
compound semiconductors directly from vapor species (as in MBE and
MOCVD), we propose a deliberate synthesis of an intermediate, liquid
phase as stepping stones toward the formation of crystalline GaN and/or
AlGaN QDs.
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A Study Of CdS Quantum Dots On TiO2 Photoanodes For CdS Quantum Dot Sensitized

Solar Cells
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Defect-related Blue and Green Emissions from PEG Capped Zn1−xAlxS Nanoparticles

LIU Chunli, REDDY D. A.

.
Un-doped and Al doped ZnS nanoparticles were prepared via an efficient and low cost chemical co-precipitation method using
Poly Ethylene Glycol (PEG) as stabilizer. In the present study effect of Al concentration on the morphological, structural, and
optical properties is studied using X-ray diffraction (XRD), Transmission Electron Microscopy (TEM), Raman analysis, Fourier
transform infrared spectroscopy (FTIR), Diffuse reflectance spectroscopy (DRS) and Photoluminescence (PL) studies. XRD,
TEM, FTIR and Raman analysis indicated the formation of impurity-free nano-crystals with cubic structure. DRS studies
revealed that as the Al dopant concentration increases the band gap increases in the range of 3.73-4.01 eV. The PL spectra of all
samples exhibit a broad emission band in the range of 350-650 nm. The Gaussian fitting emission bands for ZnS are located at
382, 398, 417 and 445 nm. For Al doped ZnS nanoparticles in addition to the pure ZnS peaks two extra peaks are observed at
472 and 493 nm. Further, enhanced photoluminescence was observed with increasing Al content up to 8 at.% and beyond this
photoluminescence quenching was noticed.

P4-K057
System

Investigation of Ferromagnetism in p-type Li doped ZnO Thin Film: Zinc Vacancy in the

LI Guojie, LEE Joo Hyun, KIM Saes Byul, PARK Sung Wook, JEONG Jung Hyun, CHOI Byung Chun
Department of Physics, Pukyong National University, Busan 608-737, Korea.
We report the structural, electric and magnetic properties of ZnO:Li thin films for 2%, 5%, 8% and 10% thin films which were
prepared on Pt(111)/TiO2/Si/SiO2 substrates by pulsed laser deposition. Lattice parameters and Zn-O bond lengths are
calculated from X-ray diffraction (XRD) results. The 8% ZnO:Li thin film show room temperature ferromagnetism and the
hysteresis loop is observed. In particular, The native point defects in ZnO (such as Zni, Vo, Vzn) and Li-relative defects ( Lii and
Lizn) are analyzed by X-ray photoelectron spectroscopy. Defects Zni and Vo give indirect evidences, while the
photoluminescence results show circumstantial proof of the existence of Vzn, LiZn and VZn play a vital role in p-type films and
ferromagnetism, respectively. Moreover, the Hall Effect results also corroborate the formation and stabilization of efficiency
factors and thus stabilizing the p-type ferromagnetism predicted for cation vacancy in ZnO thin film.
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Ultra-fast carrier lifetimes of vapor-liquid-solid grown GaN/InGaN multi-quantum well

coaxial nanorods

EBAID Mohamed, KANG Jin-Ho, LEE Seung-Min, RYU Sang-Wan
Department of Physics, Chonnam National University.
Luminescence and carrier dynamics of GaN/InGaN multi-quantum well
coaxial nanorods (MCNRs) was studied by means of photoluminescence
(PL), cathodoluminescence (CL) and time-resolved PL (TRPL). It was
revealed that the growth temperature of InGaN greatly influenced the luminescence and carrier dynamics. Controllable
emissions with efficient carrier confinement were realized after adjusting a very small temperature gap between successive GaN
and InGaN growths. The PL of as-grown MCNR ensembles revealed an intense blue emission with intensity that increased with
the reduction of temperature gap and a broad emission at longer wavelengths. CL measurements of several single nanorods,
showed that this broad emission was due to the wetting layer formed unintentionally during the growth of GaN core nanorods
and not contributed in the blue emission of MCNRs. Carrier dynamics was studied by TRPL, where ultrafast recombination
rates were identified and attributed to the efficient radial confinement and the growth in non-polar direction. The temporal decay
profiles of the probed samples showed a bi-exponential decay. The radiative and non-radiative lifetimes were calculated by
fitting the PL decay data by using stretched exponential function and internal quantum efficiency. Fitting results showed that
carrier kinetics within the InGaN quantum well were very sensitive to the growth temperature gap between quantum barrier and
quantum well.

P4-K063

Solvothermal synthesis and scanning photocurrent mapping studies of CuS nanowires

KIM JUNGDONG, GOSWAMI SYAMANTA KUMAR, YU DONG1, OH EUNSOON
,
. 1University of california. Davis, Department of Physics.
Copper sulfide has potential applications in solar energy conversion, sensors, and optical filters. CuS nanowires are grown by
solvo-thermal method using a polymer as a directing agent and their structural properties are studied by XRD diffraction and
TEM. Single nanowire I-V characteristics are studied using simple bottom contact electrode (Ti/Au) method without e-beam
fabrication process. The Schottky contact between CuS and Au metal was distinctively observed in a scanning photocurrent
mapping(SPCM) method, from which we could identify the band bending direction at the contacts.
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P4-K065

Optimization of Rapid Thermal Process Using Measuring Real-Time Temperature of
Cu2ZnSnSSe4 (CZTSSe) Absorption Layer

JO Hyun-Jun, SON Dae-Ho, SUNG Shi-Joon, KANG Jin-Kyu, KIM Dae-Hwan
.
Via an in-situ monitoring tool of phase change during CZTSSe crystallization, we have measured temperature of
Cu2ZnSnSSe4 (CZTSSe) absorption layer in selenization process using rapid thermal process (RTP). The precursor of
Cu/SnS/ZnS was prepared using DC and RF sputtering process. On top of Cu/SnS/ZnS, Se was deposited by using thermal
evaporator. We controlled annealing temperature on the basis of monitored value of a thermocouple placed on Mo/Glass
substrate. We also measured real temperature of the CZTS precursor layer with a thermocouple placed on the surface of the
precursor. Initially, the precursor temperature had drop of 50 degrees for 1 minute and returned to initial temperature for 2
minutes. X-ray diffraction (XRD) and scanning electron microscope (SEM) were adopted to investigate the cause of the initial
temperature drop. The initial temperature drop was due to the growth of Cu1-xSe. Subsequently, Cu2SnSSe3 and Cu2ZnSnSSe4
were formed and temperature gradationally returned. Additional annealing after temperature return increased intensity of ZnSSe
peak in XRD and shifted CZTSSe peak to low degree direction.
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Study on Raman spectrum of the CdS/GaAs epilayer measured at room temperature

HONG Kwangjoon
Department of Physics , Chosun University.
T he hexagonal-structured CdS/GaAs epilayers were grown by the hot-wall epitaxy method. From the Raman spectrum, we
found that the exciton-phonon coupling is deeply related to the dimensionality. The optical properties attributed to the thermal
quenching phenomenon of CdS were studied through photoluminescence (PL) 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).
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Temperature and magnetic field dependence of radiative recombination time in ZnO

nanorods

KIBA Takayuki2, MURAYAMA Akihiro2, SALLET Vincent3, DONATINI Fabrice3
,
. 1
. 2Graduate School of
3
Information Science and Technology, Hokkaido University, Sappporo, Japan. Department of NANOscience, Institut Neel,
CNRS, Grenoble, France.
The dimensionality in ZnO nanorods was considered in the presence / absence of external magnetic field in terms of the
temperature dependence of radiative recombination time [1,2]. In order to obtain radiative recombination time, both intensity
and decay time of the photoluminescence (PL) were measured by increasing temperature, whereby relative internal quantum
efficiency (IQE) and pure radiation recombination time were obtained [3]. We found that temperature dependence of FX (Free
exciton) in ZnO nanorods has the three dimensional nature. However, under an external magnetic field of 6T, the radiative
recombination time is increased as consequence of the reduction of the degenerate density of states due to induced Landau
levels, which is suppressed for thermal excitation [4]. References [1] H. Akiyama, S. Koshiba, T. Someya, K. Wada, H. Noge, Y. Nakamura, T.
,

1,

Inoshita, A. Shimizu, Phys. Rev. Lett. 72, 924 (1994)[2] G. W. ’t Hooft, W. A. J. A. van der Poel, and L. W. Molenkamp, Phys. Rev. Lett. B, 35, 8281 (1987)[3] R. C.
Miller, D. A. Kleinman, W. A. Nordland, Jr., and A. C. Gossard, Phys. Rev. Lett. B, 22, 863 (1980)[4] S. L. Chen, W. M. Chen, and I. A. Buyanova, Phys. Rev. Lett. B,
86, 235205 (2012)
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1,

Dielectric Function and phonon of Ge1-xSex and Ge1-x-ySexAsy Chalcogenide Glasses
1,

,

,

2,

2,

2,

2,

2

. 1
. 2
.
We investigated the optical properties of Ge1-xSex and Ge1-x-ySexAsy chalcogenide glasses using spectroscopic ellipsometry
and Raman spectroscopy. We determined the dielectric functions and absorption coefficients (a) of the chalcogenide glasses
from the measured ellipsometric angles (Y, D). We obtained the optical gap energies and Urbach energies from the absorption
coefficients, and obtained a strong bowing effect for the optical gap energy for Ge1-x-ySexAsy where the endpoint binaries were
Ge0.50Se0.50 and Ge0.31As0.69. We discussed the effect of disorder based on the Urbach energy. We found composition

dependence of several phonon modes using Raman spectroscopy. For Ge1-x-ySexAsy, D mode (232-267 cm-1) changed from the
mode in As-As (or As3 pyramid), in As(Se1/2)3 pyramid, and finally in Se clusters, as Se composition increases. We also
observed resonant Raman phenomenon from Ge0.38Se0.62 at the laser excitation of 514 nm (2.41 eV). We verified that this laser
energy corresponds to the transition energy of Ge0.38Se0.62 using the second derivative of the dielectric function of Ge0.38Se0.62.

59

LF-01

Nonsingular preinflationary history based on EiBI gravity

.
We investigate a nonsingular initial state of the Universe which leads to inflation naturally. The model is described by a scalar
field with a quadratic potential in Eddington-inspired Born-Infeld gravity. The curvature of this initial state is given by the
mass scale of the scalar field which is much smaller than the Planck scale. Therefore, in this model, quantum gravity is not
necessary in understanding this pre-inflationary stage, no matter how large the energy density becomes. The initial state in this
model evolves eventually to a long inflationary period which is similar to the usual chaotic inflation.

LF-02

Coleman-Weinberg inflation in light of Planck

LEE Hyun Min, CHUN Eung Jin1, BARENBOIM Gabriela2
,
. 1
,
. 2Universitat de Valencia-CSIC.
We revisit a single field inflationary model based on Coleman-Weinberg potentials. We show that in small field ColemanWeinberg inflation, the observed amplitude of perturbations needs an extremely small quartic coupling of the inflaton, which
might be a signature of radiative origin. However, the spectral index obtained in a standard cosmological scenario turns out to
be outside the 2 sigma region of the Planck data. When a non-standard cosmological framework is invoked, such as braneworld cosmology in the Randall-Sundrum model, the spectral index can be made consistent with Planck data within 1 sigma,
courtesy of the modification in the evolution of the Hubble parameter in such a scheme. We also show that the required
inflaton quartic coupling as well as a phenomenologically viable B-L symmetry breaking together with a natural electroweak
symmetry breaking can arise dynamically in a B-L extension of the Standard Model where the full potential is assumed to
vanish at a high scale.

1

LF-03

Equilateral non-Gaussianity from heavy fields

PI Shi
APCTP.
The effect of self-interactions of heavy scalar fields during inflation on the primordial non-Gaussianity is studied. We take a
specific constant-turn quasi-single field inflation as an example. We derive an effective theory with emphasis on non-linear
self-interactions of heavy fields and calculate the corresponding non-Gaussianity, which is of equilateral type and can be as
relevant as those computed previously in the literature. We also derive the non-Gaussianity by directly using the in-in
formalism, and verify the equivalence of these two approaches.

LG-01

Recent Discoveries of Cosmic Ray Anomalies

SEO Eun-Suk
U. of Maryland.
One of the most exciting possibilities in cosmic ray research is the potential to discover new phenomena. In fact, most
elementary particles were discovered in cosmic rays, and their properties were known qualitatively before modern-day
accelerators became available to study the details of particle properties and nuclear interactions. In spite of the rapid progress
in physics over the last century, possible presence of cosmological antimatter and the nature of dark matter in the universe are
still mysteries. Balloon-borne and space based instruments configured with particle detectors have been flown to search for
exotic sources, such as dark matter and antimatter, and to explore a possible limit to particle acceleration in supernova. They
have also been used to study cosmic-ray origin, acceleration and propagation. Recent results including discoveries of cosmic
ray anomalies, their implications, and prospects of future plans will be discussed.

2

LG-02

Gamma-ray Bursts, Missions of Early Universe Probe

PARK Il H.
SKKU.
The next generation Gamma-ray burst missions are discussed by emphasizing the importance of future studies on the early
universe with GRBs. GRBs is the most brightest explosion so that it can probe in principle the universe up to z=16 which
includes the epoch of dark age, reionization and first stars and galaxies, just after Big Bang afterglow. Wide band observations
are crucial for early universe probes, which requires observations of low energy X-rays and infrared because of large redshift.
The present and future missions are briefly reviewed along physics topics on the early universe.

LG-03

Quasi-local Conserved Charges in a (Covariant) Theory of Gravity

, KULKARNI Shailesh,
CQUeST,
.
In any generally covariant theory of gravity, we show the relationship between the linearized asymptotically conserved current
and its nonlinear completion through the identically conserved current. Our formulation for conserved charges is based on the
Lagrangian description, and so completely covariant. By using this result, we give a prescription to define quasilocal
conserved charges in any higher derivative gravity. As applications of our approach, we demonstrate the angular momentum
invariance along the radial direction of black holes and reproduce more efficiently the linearized potential on the asymptotic
anti–de Sitter space. We also comment on a theory of gravity with a gravitational Chern-Simons term.

3

LG-04

Inside and outside of dynamical black-branes in anti de Sitter space

YEOM Dong-han, HANSEN Jakob1, LEE Bum-Hoon2, PARK Chanyong2
Yukawa Institute for Theoretical Physics, Kyoto University. 1Korean Institute of Science and Technology
Information. 2Center for Quantum Spacetime, Sogang University.

8VLQJQXPHULFDOPHWKRGVZHFDQG\QDPLFDOO\EXLOGDEODFNEUDQH:HSUHSDUHDFKDUJHGSODQDUPDWWHUVKHOO
ZKLFK GXH WR D QHJDWLYH FRVPRORJLFDO FRQVWDQW FROODSVHV DQG G\QDPLFDOO\ IRUPV D EODFNEUDQH ZLWK DQ
DSSDUHQW KRUL]RQ D VLQJXODULW\ DQG D &DXFK\ KRUL]RQ )RU RXWVLGH WKH JUDYLWDWLRQDO FROODSVH FDQQRW IRUP D
QDNHGRYHUFKDUJHGEODFNEUDQHDQGKHQFHZHDNFRVPLFFHQVRUVKLSLVVDIH7KHQWKLVPLJKWLPSO\WKDWWKHUH
VKRXOGEHD FKDUJHFORXG EHWZHHQWKHHYHQWKRUL]RQDQGWKHERXQGDU\RIWKHDQWLGH6LWWHUEDFNJURXQG)RU
LQVLGH DOWKRXJK PDVV LQIODWLRQ RFFXUV WKH HIIHFW LV PXFK PLOGHU WKDQ LQ WKH FDVH RI FKDUJHG EODFN KROHV
KHQFH VWURQJ FRVPLFFHQVRUVKLS VHHPVQRWWREH VDIH7KLV FDQ EHUHODWHGWRWKHUHFHQW GLVFXVVLRQ RI WKH
ILUHZDOO

LG-05*

Slow-roll inflation with a Gauss-Bonnet term and Planck 2013

TUMURTUSHAA Gansukh, KOH SEOKTAE1, LEE Bum-Hoon2, LEE Wonwoo3
Department of Physics, Sogang University. 1Department of Science Education, Jeju National University. 2Department of
Physics, Sogang University & Center for Quantum Spacetime. 3Center for Quantum Spacetime, Sogang University.
We study slow-roll inflation with a Gauss-Bonnet term which is coupled to inflaton nonminially. We investigate the
inflationary solutions for various type of the nonminimal coupling to the Gauss-Bonnet term and the inflaton potential
analytically as well as numerically. Also, we try to calculate the observables such as power spectrum, spectra indices and
tensor-to-scalar ratio.
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LG-06

Rotation Curve of Galaxies Induced by Lense-Thirring effect

.
Many attempts have been made to explain the flat rotation curve of spiral galaxies regardless of distance from the center, in
disagreement with the Newtonian prediction that this speed should diminish as the inverse square of distance. One explanation
for this discrepancy is that the galaxy is embedded in dark matter, which interacts with baryonic matter only gravitationally.
Many studies have focused on finding the distribution of this dark matter that fits well with observed data, but it is by
definition undetectable by current technology, and must therefore remain hypothetical. Instead of dark matter, we propose a
local initial frame dragging generated by the mass of relatively-moving particles, and demonstrate that this force explains the
rotation curve and evolution of a galaxy in which some of the inner mass of the supermassive black hole at the galactic center
is assumed to be revolving at a relativistic speed. The calculation yielded important results that support the proposed model:
First, this model explains why most of the matter is in the galactic disk and in circular motion which is similar to that of
particles in a cyclotron. Second, the model calculation explains well both the flat rotation curve and the varied slope of the
rotation curve observed in spiral galaxies. Third, at the flat velocity of 220 km/s, the inner mass of the Milky Way calculated
by using the proposed model is 6.0×1011 M⊙, which is very close to 5.5×1011 M⊙ (r <50 kpc, including Leo I) estimated by
using the latest kinematic information.

LG-07

Absolute Stability Window and The Appearance of A Longitudinal Instability in Strongly
Magnetized Strange Quark Matter

ISAYEV A.A., YANG Jongmann1
Kharkov Institute of Physics and Technology, Kharkov, 61108,
Ukraine. 1Department of Physics and the Institute for the Early
Universe, Ewha Womans University.
In the core of a neutron star the density can reach the values of about several times nuclear saturation density. At such
large densities, the deconfinement phase transition may happen resulting in the appearance of strange quark matter (SQM).
SQM is studied under charge neutrality and beta equilibrium conditions within the framework of the MIT bag model in
magnetic fields up to 1019 G. In such strong magnetic fields, the effects of the pressure anisotropy become important [1, 2]. It
is shown that the longitudinal (along the magnetic field) pressure becomes negative in the fields beyond the critical one Hc
being somewhat larger than 1018 G. As a result, the longitudinal instability occurs in strongly magnetized SQM. Also, we
determine the parameter space of the model for which magnetized SQM is absolutely stable, i.e., under the zero external
pressure condition, its energy per baryon is less than that of the most stable 56Fe nucleus: <<
>> , where Em is
the matter part of the total energy density of the system, rhoB is the total baryon number density, mui and rhoi are the chemical
potential and particle number density for fermions of i-th species (i runs over quark flavors u,d,s and electrons). We study how
the absolute stability window and the critical magnetic field for the appearance of the longitudinal instability are affected by
varying the current strange quark mass , taking into account scattering in the values existing in the literature. 1. A.A. Isayev
and J. Yang, Phys. Lett. B 707 (2012) 163. 2. A.A. Isayev and J. Yang, J. Phys. G 40 (2013) 035105.
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